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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re United States Patent Application of: ; Docket No.: 4585-101-CIP
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all such applicable fees is being made by online credit card authorization at the time of EFS
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Steven J. Hultquist
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Attomey for Applicant
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Attorney File No.: 4585-101-CIP

Enclosures:
Issue Fee Transmittal [1 pg.]

The USPTO is hereby authorized to charge any deficiency or credit any overpayment of fees
properly pavable for this document to Deposit Account No. 08-3284

10



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re United States Patent Application of: ; Docket No.: 4585-101-CIP
)
Applicant: ZOOMESSENCE, INC. ; Conf. No.: 9733
)
)
Application No.: 14/606,771 ; Art Unit: 3752
Date Filed: January 27, 2015 ; Examiner: Davis D. Hwu
)
Title: METHODS AND ) Customer No.:
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HEAT SPRAY DRYING | 23448
)
)

CERTIFICATE OF EFS FILING

I hereby certify that this document is being filed via EFS in the United States Patent and Trademark Office on April 3, 2016.
/steven j. hultquist/

AMENDMENT UNDER 37 CFR 1.312 IN U.S. PATENT APPLICATION NO.
14/606,771

Mail Stop Issue Fee
Commissioner for Patents

P.O. Box 1450

Alexandria, Virginia 22313-1450

Sir:

A post-allowance review of the allowed claims subsequent to receipt of the March 31,
2016 Notice of Allowance in the above-identified application has been conducted, and a
same minor amendment is being made herein in each of dependent claims 16-18 under
independent claim 10, so that the wording in such dependent claims 16-18 is fully

conformed with the antecedent wording of allowed independent claim 10.

Please amend claims 16-18 as set out in Section I (Amendments to the Claims) hereof.
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Remarks concerning the amendments of claims 16-18 are set out in Section II

(Remarks) hereof.
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Section I (Amendment of the Claims)

Amend claims 16-18 of the application as set out below.

1. (Original) A spray dried powder, comprising;

a plurality of dried particles, which individually contain an amount of final active
ingredient encapsulated within a carrier resulting from drying a slurry containing an
initial active ingredient, a liquid solvent and the carrier, wherein:

the initial active ingredient includes one or more constituent components, at least
one of which is among one or more principle molecular types from which at least one of
a desirable food, flavor, fragrance, medicament, and pigment is obtained;

the final active ingredient includes one or more of the constituent components
corresponding with those of the initial active ingredient as modified by the drying of the
slurry; and

a weight percentage of at least one of the one or more principle molecular types in
the final active ingredient is within about 5% of a weight percentage of the corresponding

principle molecular types in the initial active ingredient.

2. (Original) The spray dried powder of claim 1, wherein the one or more

principle molecular types are molecular types of a food composition.

3. (Original) The spray dried powder of claim 1, wherein the one or more

principle molecular types are molecular types of a flavor composition.

4. (Original) The spray dried powder of claim 1, wherein the one or more

principle molecular types are molecular types of a fragrance composition.

5. (Original) The spray dried powder of claim 1, wherein the one or more

principle molecular types are molecular types of a medicament composition.

13



6. (Original) The spray dried powder of claim 1, wherein the one or more

principle molecular types are molecular types of a pigment composition.

7. (Original) The spray dried powder of claim 1, wherein the weight
percentage of at least one of the one or more principle molecular types in the final active
ingredient is within about 3% of a weight percentage of the corresponding principle

molecular types in the initial active ingredient.

8. (Original) The spray dried powder of claim 1, wherein the weight
percentage of at least one of the one or more principle molecular types in the final active
ingredient is within about 2% of a weight percentage of the corresponding principle

molecular types in the initial active ingredient.

9. (Original) The spray dried powder of claim 1, wherein the weight
percentage of at least one of the one or more principle molecular types in the final active
ingredient is within about 1% of a weight percentage of the corresponding principle

molecular types in the initial active ingredient.

10. (Original) A spray dried powder, comprising:

a plurality of dried particles, which individually contain an amount of active
ingredient encapsulated within a carrier, wherein:

the active ingredient includes one or more constituent components, at least one of
which is among one or more principle molecular types from which at least one of a
desirable food, flavor, fragrance, medicament, and pigment is obtained; and

a weight percentage of at least one of the one or more principle molecular types in
the active ingredient does not vary by more than about 5% during aging of the dried

powder during any period of elevated temperature of about 95 °F up to about 1000 hours.

11. (Original) The spray dried powder of claim 10, wherein the one or more

principle molecular types are molecular types of a food composition.

14



12. (Original) The spray dried powder of claim 10, wherein the one or more

principle molecular types are molecular types of a flavor composition.

13. (Original) The spray dried powder of claim 10, wherein the one or more

principle molecular types are molecular types of a fragrance composition.

14. (Original) The spray dried powder of claim 10, wherein the one or more

principle molecular types are molecular types of a medicament composition.

15. (Original) The spray dried powder of claim 10, wherein the one or more

principle molecular types are molecular types of a pigment composition.

16.  (Currently amended) The spray dried powder of claim 10, wherein the
weight percentage of at least one of the one or more principle molecular types in the
active ingredient does not vary by more than about 3% during aging of the dried powder

during any period of elevated temperature of about 95 °F up to about 1000 hours.

17. (Currently amended) The spray dried powder of claim 10, wherein the
weight percentage of at least one of the one or more principle molecular types in the
active ingredient does not vary by more than about 2% during aging of the dried powder

during any period of elevated temperature of about 95 °F up to about 1000 hours.

18.  (Currently amended) The spray dried powder of claim 10, wherein the
weight percentage of at least one of the one or more principle molecular types in the
active ingredient does not vary by more than about 1% during aging of the dried powder

during any period of elevated temperature of about 95 °F up to about 1000 hours.

19. (Original) The spray dried powder of claim 10, wherein the carrier comprises

starch.

15



20. (Original) A spray dried fiber composition, comprising:

a plurality of dried fibers, which individually contain an amount of final active
ingredient encapsulated within a carrier resulting from drying a slurry containing an
initial active ingredient, a liquid solvent and the carrier, wherein:

the initial active ingredient includes one or more constituent components, at least
one of which is among one or more principle molecular types from which at least one of
a desirable food, flavor, fragrance, medicament, and pigment is obtained; and

the final active ingredient includes one or more of the constituent components
corresponding with those of the initial active ingredient as modified by the drying of the
slurry, and wherein the spray dried fiber composition has at least one of the
characteristics of (i) a weight percentage of at least one of the one or more principle
molecular types in the final active ingredient is within about 5% of a weight percentage
of the corresponding principle molecular types in the initial active ingredient, and (ii) a
weight percentage of at least one of the one or more principle molecular types in the final
active ingredient does not vary by more than about 5% during aging of the dried fibers

during any period of elevated temperature of about 95°F up to about 1000 hours.

16



Section II (Remarks)

Claims 16-18 have been amended herein, to insert the word “powder” after the word
“dried” in line 3 of each of such claims, so that the wording in such dependent claims 16-
18 is fully conformed with the wording (“aging of the dried powder”) of allowed

independent claim 10, from which each of the claims 16-18 depends.

The amendments in dependent claims 16-18 are made herein to conform the relevant
phrase in each of such dependent claims with the same wording (“aging of the dried

powder”) used in the antecedent recital in allowed independent claim 10.

Accordingly, no new matter (35 USC 132) is introduced by such amendments of
dependent claims 16-18, and no new search or consideration is required by the entry of

the amendments presented herein.

Entry of this amendment therefore is proper under the provisions of 37 CFR 1.312.

Respectfully submitted,

/steven ]. hultquist/
Steven J. Hultquist
Reg. No. 28,021
Attorney for Applicant

HULTQUIST IP

P.O. Box 14329

Research Triangle Park, NC 27709
Phone: (919) 419-9350

Fax: (919) 419-9354
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THIS APPLICATION IS SUBJECT TO WITHDRAWAL FROM ISSUE AT THE INITIATIVE OF THE OFFICE OR UPON
PETITION BY THE APPLICANT. SEE 37 CFR 1.313 AND MPEP 1308.

THE ISSUE FEE AND PUBLICATION FEE (IF REQUIRED) MUST BE PAID WITHIN THREE MONTHS FROM THE
MAILING DATE OF THIS NOTICE OR THIS APPLICATION SHALL BE REGARDED AS ABANDONED. THIS
STATUTORY PERIOD CANNOT BE EXTENDED. SEE 35 U.S.C. 151. THE ISSUE FEE DUE INDICATED ABOVE DOES
NOT REFLECT A CREDIT FOR ANY PREVIOUSLY PAID ISSUE FEE IN THIS APPLICATION. IF AN ISSUE FEE HAS
PREVIOUSLY BEEN PAID IN THIS APPLICATION (AS SHOWN ABOVE), THE RETURN OF PART B OF THIS FORM
WILL BE CONSIDERED A REQUEST TO REAPPLY THE PREVIOUSLY PAID ISSUE FEE TOWARD THE ISSUE FEE NOW
DUE.

HOW TO REPLY TO THIS NOTICE:

I. Review the ENTITY STATUS shown above. If the ENTITY STATUS is shown as SMALL or MICRO, verify whether entitlement to that
entity status still applies.

If the ENTITY STATUS is the same as shown above, pay the TOTAL FEE(S) DUE shown above.

If the ENTITY STATUS is changed from that shown above, on PART B - FEE(S) TRANSMITTAL, complete section number 5 titled
"Change in Entity Status (from status indicated above)".

For purposes of this notice, small entity fees are 1/2 the amount of undiscounted fees, and micro entity fees are 1/2 the amount of small entity
fees.

II. PART B - FEE(S) TRANSMITTAL, or its equivalent, must be completed and returned to the United States Patent and Trademark Office
(USPTO) with your ISSUE FEE and PUBLICATION FEE (if required). If you are charging the fee(s) to your deposit account, section "4b"
of Part B - Fee(s) Transmittal should be completed and an extra copy of the form should be submitted. If an equivalent of Part B is filed, a
request to reapply a previously paid issue fee must be clearly made, and delays in processing may occur due to the difficulty in recognizing
the paper as an equivalent of Part B.

III. All communications regarding this application must give the application number. Please direct all communications prior to issuance to
Mail Stop ISSUE FEE unless advised to the contrary.

IMPORTANT REMINDER: Utility patents issuing on applications filed on or after Dec. 12, 1980 may require payment of
maintenance fees. It is patentee's responsibility to ensure timely payment of maintenance fees when due.

Page 1 of 3
PTOL-85 (Rev. 02/11)
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PART B - FEE(S) TRANSMITTAL

Complete and send this form, together with applicable fee(s), to: Mail Mail Stop ISSUE FEE
Commlssmner for Patents
P.O.Box 1
Alexandria, Virginia 22313-1450
or Fax (571)-273-2885

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where

ppropriate. All further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as

(flcated unless corrected below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for
malntenance fee notifications.

Note: A certificate of mailing can only be used for domestic mailings of the
Fee(s) Transmittal. This certificate cannot be used for any other accompanying

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address) apers. Each additional paper, such as an assignment or formal drawing, must
Eave its own certificate of mailing or transmission.

Certificate of Mailing or Transmission

23448_ 7590 03/31/2016 I hereby certify that this Fee(s) Transmittal is being deposited with the United
HulthISt 1P States Postal Service with sufficient postage for first class mail in an envelope
P.O. Box 14329 addressed to the Mail Stop ISSUE FEE address above, or being facsimile

V. box transmitted to the USPTO (571) 273-2885, on the date indicated below.

RESEARCH TRIANGLE PARK, NC 27709

(Depositor's name)

(Signature)
(Date)
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO.
14/606,771 01/27/2015 Charles P. Beetz 4585-101 CIP 9733
TITLE OF INVENTION: METHODS AND APPARATUS FOR LOW HEAT SPRAY DRYING
| APPLN. TYPE ENTITY STATUS I ISSUE FEE DUE | PUBLICATION FEE DUE | PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE
nonprovisional SMALL $480 $0 $0 $480 06/30/2016

| EXAMINER | ART UNIT | CLASS-SUBCLASS |
HWU, DAVIS D 3752 239-463000
1. Change of correspondence address or indication of "Fee Address" (37 2. For printing on the patent front page, list
CFR 1.363). . 1
(1) The names of up to 3 registered patent attorneys
d Chan%e of correspondence address (or Change of Correspondence or agents OR, alternatively,
Address form PTO/SB/122) attached. 2
(2) The name of a single firm (having as a member a
[ "Fee Address" indication (or "Fee Address" Indication form registered attorney or agent) and the names of up to
PTO/SB/47; Rev 03-02 or more recent) attached. Use of a Customer 2 registered patent attorneys or agents. If no nameis 3
Number is required. listed, no name will be printed.

3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type)

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document has been filed for
recordation as set forth in 37 CFR 3.11. Completion of this form is NOT a substitute for filing an assignment.

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY)

Please check the appropriate assignee category or categories (will not be printed on the patent) : [ Individual [ Corporation or other private group entity [ Government

4a. The following fee(s) are submitted: 4b. Payment of Fee(s): (Please first reapply any previously paid issue fee shown above)
[ Issue Fee [ A check is enclosed.
[ Publication Fee (No small entity discount permitted) d Payment by credit card. Form PTO-2038 is attached.
[ Advance Order - # of Copies (1 The director is hereby authorized to charge the required fee(s), any deficiency, or credits any
overpayment, to Deposit Account Number (enclose an extra copy of this form).

5. Change in Entity Status (from status indicated above)

(| Applicant certifying micro entity status. See 37 CFR 1.29 NOTE: Absent a valid certification of Micro Entity Status (see forms PTO/SB/15A and 15B), issue
fee payment in the micro entity amount will not be accepted at the risk of application abandonment.
| Applicant asserting small entity status. See 37 CFR 1.27 NOTE: If the application was previously under micro entity status, checking this box will be taken

to be a notification of loss of entitlement to micro entity status.

d Applicant changing to regular undiscounted fee status. NOTE: Checking this box will be taken to be a notification of loss of entitlement to small or micro
entity status, as applicable.

NOTE: This form must be signed in accordance with 37 CEFR 1.31 and 1.33. See 37 CER 1.4 for signature requirements and certifications.

Authorized Signature Date
Typed or printed name Registration No.
Page 2 of 3
PTOL-85 Part B (10-13) Approved for use through 10/31/2013. OMB 0651-0033 U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NO. | FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. CONFIRMATION NO. |
14/606,771 01/27/2015 Charles P. Beetz 4585-101 CIP 9733
| EXAMINER |
23448 7590 03/31/2016
Hultquist IP HWU, DAVIS D
P.O. Box 14329
RESEARCH TRIANGLE PARK, NC 27709 | ART UNIT PAPER NUMBER |

3752

DATE MAILED: 03/31/2016

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)
(Applications filed on or after May 29, 2000)

The Office has discontinued providing a Patent Term Adjustment (PTA) calculation with the Notice of Allowance.

Section 1(h)(2) of the AIA Technical Corrections Act amended 35 U.S.C. 154(b)(3)(B)(i) to eliminate the
requirement that the Office provide a patent term adjustment determination with the notice of allowance. See
Revisions to Patent Term Adjustment, 78 Fed. Reg. 19416, 19417 (Apr. 1, 2013). Therefore, the Office is no longer
providing an initial patent term adjustment determination with the notice of allowance. The Office will continue to
provide a patent term adjustment determination with the Issue Notification Letter that is mailed to applicant
approximately three weeks prior to the issue date of the patent, and will include the patent term adjustment on the
patent. Any request for reconsideration of the patent term adjustment determination (or reinstatement of patent term
adjustment) should follow the process outlined in 37 CFR 1.705.

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office of
Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments should be
directed to the Customer Service Center of the Office of Patent Publication at 1-(888)-786-0101 or (571)-272-4200.

Page 3 of 3
PTOL-85 (Rev. 02/11)
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OMB Clearance and PRA Burden Statement for PTOL-85 Part B

The Paperwork Reduction Act (PRA) of 1995 requires Federal agencies to obtain Office of Management and
Budget approval before requesting most types of information from the public. When OMB approves an agency
request to collect information from the public, OMB (i) provides a valid OMB Control Number and expiration
date for the agency to display on the instrument that will be used to collect the information and (ii) requires the
agency to inform the public about the OMB Control Number’s legal significance in accordance with 5 CFR
1320.5(b).

The information collected by PTOL-85 Part B is required by 37 CFR 1.311. The information is required to obtain
or retain a benefit by the public which is to file (and by the USPTO to process) an application. Confidentiality is
governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete,
including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary
depending upon the individual case. Any comments on the amount of time you require to complete this form
and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, Virginia 22313-1450. DO NOT
SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box
1450, Alexandria, Virginia 22313-1450. Under the Paperwork Reduction Act of 1995, no persons are required to
respond to a collection of information unless it displays a valid OMB control number.

Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your
submission of the attached form related to a patent application or patent. Accordingly, pursuant to the
requirements of the Act, please be advised that: (1) the general authority for the collection of this information is
35 U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary; and (3) the principal purpose for which
the information is used by the U.S. Patent and Trademark Office is to process and/or examine your submission
related to a patent application or patent. If you do not furnish the requested information, the U.S. Patent and
Trademark Office may not be able to process and/or examine your submission, which may result in termination of
proceedings or abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1. The information on this form will be treated confidentially to the extent allowed under the Freedom of
Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from this system of records
may be disclosed to the Department of Justice to determine whether disclosure of these records is required
by the Freedom of Information Act.

2. Arecord from this system of records may be disclosed, as a routine use, in the course of presenting evidence
to a court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of
settlement negotiations.

3. A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a
request involving an individual, to whom the record pertains, when the individual has requested assistance
from the Member with respect to the subject matter of the record.

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having
need for the information in order to perform a contract. Recipients of information shall be required to
comply with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).

5. A record related to an International Application filed under the Patent Cooperation Treaty in this system of
records may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property
Organization, pursuant to the Patent Cooperation Treaty.

6. A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes
of National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C.
218(c)).

7. A record from this system of records may be disclosed, as a routine use, to the Administrator, General
Services, or his/her designee, during an inspection of records conducted by GSA as part of that agency's
responsibility to recommend improvements in records management practices and programs, under authority
of 44 U.S.C. 2904 and 2906. Such disclosure shall be made in accordance with the GSA regulations
governing inspection of records for this purpose, and any other relevant (i.e., GSA or Commerce) directive.
Such disclosure shall not be used to make determinations about individuals.

8. A record from this system of records may be disclosed, as a routine use, to the public after either publication
of the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a
record may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the
record was filed in an application which became abandoned or in which the proceedings were terminated
and which application is referenced by either a published application, an application open to public
inspection or an issued patent.

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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Application No. Applicant(s)
14/606,771 BEETZ ET AL.
Notice of Allowability Examiner ArLUNIt | St o
No

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address--
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included
herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308.

1. [X This communication is responsive to the amendment of 3/11/2016.
Oa declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on .

2. [J An election was made by the applicant in response to a restriction requirement set forth during the interview on ; the restriction
requirement and election have been incorporated into this action.

3. X The allowed claim(s) is/are 1-20. As a result of the allowed claim(s), you may be eligible to benefit from the Patent Prosecution
Highway program at a participating intellectual property office for the corresponding application. For more information, please see
hitp/www.usplto.gov/paients/inil_events/nph/index.jsn or send an inquiry to PPHfeedback@usplto.gov .

4. [] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:

a)[d Al b)y[OJsome *c)[] None of the:
1. [] Certified copies of the priority documents have been received.
2. [ Certified copies of the priority documents have been received in Application No.
3. [ Copies of the certified copies of the priority documents have been received in this national stage application from the

International Bureau (PCT Rule 17.2(a)).
* Certified copies not received:

Applicant has THREE MONTHS FROM THE “MAILING DATE” of this communication to file a reply complying with the requirements
noted below. Failure to timely comply will result in ABANDONMENT of this application.
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE.

5. [J CORRECTED DRAWINGS ( as “replacement sheets”) must be submitted.

[J including changes required by the attached Examiner's Amendment / Comment or in the Office action of
Paper No./Mail Date .

Identifying indicia such as the application number (see 37 CFR 1.84(c)) should be written on the drawings in the front (not the back) of
each sheet. Replacement sheet(s) should be labeled as such in the header according to 37 CFR 1.121(d).

6. [] DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the
attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL.

Attachment(s)

1. [] Notice of References Cited (PTO-892) 5. [] Examiner's Amendment/Comment

2. [ Information Disclosure Statements (PTO/SB/08), 6. [] Examiner's Statement of Reasons for Allowance
Paper No./Mail Date

3. [0 Examiner's Comment Regarding Requirement for Deposit 7. [] Other .

of Biological Material
4. [ Interview Summary (PTO-413),
Paper No./Mail Date .

/Davis Hwu/
Primary Examiner, Art Unit 3752

U.S. Patent and Trademark Office

PTOL-37 (Rev. 08-13) Notice of Allowability Part of Paper No./Mail Date
20160328
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Application/Control No. Applicant(s)/Patent Under
Reexamination
Search Notes 14606771 BEETZ ET AL.
DAVIS HWU 3752
CPC- SEARCHED
Symbol Date Examiner
A61K 38/28, 36/539, 36/487, 47/36 2/9/16 dh
CPC COMBINATION SETS - SEARCHED
Symbol Date Examiner
US CLASSIFICATION SEARCHED
Class Subclass Date Examiner
424 439, 456 2/9/16 dh
SEARCH NOTES
Search Notes Date Examiner
east 2/9/16 dh
search updated 3/28/16 dh
INTERFERENCE SEARCH
US Class/ US Subclass / CPC Group Date Examiner
CPC Symbol
all of above 3/28/16 dh

/D.H./
Primary Examiner.Art Unit 3752

U.S. Patent and Trademark Office
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Application/Control No. Applicant(s)/Patent Under Reexamination

Issue Classification | ;506771 BEETZ ET AL
H““H“H m”l”“““”m " ““H“ “I o o

DAVIS HWU 3752
CPC
Symbol Type Version
A23L F 2013-01-01
AB1K | 2013-01-01
A81K | 2013-01-01
C11B | 2013-01-01
A23L | 2013-01-01
A23V A 2013-01-01
CPC Combination Sets
Symbol Type Set Ranking Version

NONE

Total Claims Allowed:

20
(Assistant Examiner) (Date)
/DAVIS HWU/
Primary Examiner.Art Unit 3752 03/28/2016 O.G. Print Claim(s) O.G. Print Figure
(Primary Examiner) (Date) 20 3
U.S. Patent and Trademark Office Part of Paper No. 20160328
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Application/Control No.

Issue Classification | {40577+

Applicant(s)/Patent Under Reexamination

BEETZ ET AL.
DAVIS HWU 3752

US ORIGINAL CLASSIFICATION

INTERNATIONAL CLASSIFICATION

CLASS SUBCLASS

CLAIMED NON-CLAIMED

424

439 Al s

K

47 /00 (2006.01.01)

CROSS REFERENCE(S)

CLASS SUBCLASS (ONE SUBCLASS PER BLOCK)

424 456
NONE

Total Claims Allowed:

20

(Assistant Examiner) (Date)
/DAVIS HWU/
Primary Examiner.Art Unit 3752 03/28/2016 O.G. Print Claim(s) O.G. Print Figure
(Primary Examiner) (Date) 20 3

U.S. Patent and Trademark Office

Part of Paper No. 20160328
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Application/Control No. Applicant(s)/Patent Under Reexamination
Hl““ m” MH |m| “M ‘IH “ ““H“ “| o o

DAVIS HWU 3752

X Claims renumbered in the same order as presented by applicant O CPA X T.D. O Ri147
Final Original Final Original Final Original Final Original Final Original Final Original Final Original Final Original
NONE
Total Claims Allowed:
20
(Assistant Examiner) (Date)
/DAVIS HWU/
Primary Examiner.Art Unit 3752 03/28/2016 O.G. Print Claim(s) O.G. Print Figure
(Primary Examiner) (Date) 20 3
U.S. Patent and Trademark Office Part of Paper No. 20160328
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UNITED STATES PATENT AND TRADEMARK OFFIGE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.Q. Box 1450

Alexandria, Virginia 22313-1450

WWW.USPO.gov

| APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
14/606,771 01/27/2015 Charles P. Beetz 4585-101 CIP
CONFIRMATION NO. 9733
23448 POA ACCEPTANCE LETTER
Hultquist IP

PO, Box 14029 L

RESEARCH TRIANGLE PARK, NC 27709
Date Mailed: 03/11/2016

NOTICE OF ACCEPTANCE OF POWER OF ATTORNEY
This is in response to the Power of Attorney filed 02/29/2016.

The Power of Attorney in this application is accepted. Correspondence in this application will be mailed to the
above address as provided by 37 CFR 1.33.

Questions about the contents of this notice and the
requirements it sets forth should be directed to the Office
of Data Management, Application Assistance Unit, at
(571) 272-4000 or (571) 272-4200 or 1-888-786-0101.

/agizaw/

page 1 of 1
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PTO/SB/26

Doc Code: DIST.E.FILE U.S. Patent and Trademark Office

Document Description: Electronic Terminal Disclaimer - Filed Department of Commerce
Electronic Petition Request TERMINAL DISCLAIMER TO OBVIATE A DOUBLE PATENTING REJECTION OVER A

“PRIOR” PATENT

Application Number 14606771
Filing Date 27-Jan-2015
First Named Inventor Charles Beetz
Attorney Docket Number 4585-101 CIP

Title of Invention

METHODS AND APPARATUS FOR LOW HEAT SPRAY DRYING

X Filing of terminal disclaimer does not obviate requirement for response under 37 CFR 1.111 to outstanding
Office Action

[X] This electronic Terminal Disclaimer is not being used for a Joint Research Agreement.

Owner Percent Interest

ZOOMESSENCE, INC. 100%

The owner(s) with percent interest listed above in the instant application hereby disclaims, except as provided below, the
terminal part of the statutory term of any patent granted on the instant application which would extend beyond the expiration
date of the full statutory term of prior patent number(s)

8939388

as the term of said prior patent is presently shortened by any terminal disclaimer. The owner hereby agrees that any patent so
granted on the instant application shall be enforceable only for and during such period that it and the prior patent are commonly
owned. This agreement runs with any patent granted on the instant application and is binding upon the grantee, its successors
or assigns.

In making the above disclaimer, the owner does not disclaim the terminal part of the term of any patent granted on the instant
application that would extend to the expiration date of the full statutory term of the prior patent, "as the term of said prior patent
is presently shortened by any terminal disclaimer,” in the event that said prior patent later:

- expires for failure to pay a maintenance fee;

- is held unenforceable;

- is found invalid by a court of competent jurisdiction;

- is statutorily disclaimed in whole or terminally disclaimed under 37 CFR 1.327;

- has all claims canceled by a reexamination certificate;

- is reissued; or

- is in any manner terminated prior to the expiration of its full statutory term as presently shortened by any terminal disclaimer.

@ Terminal disclaimer fee under 37 CFR 1.20(d) is included with Electronic Terminal Disclaimer request.
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O | certify, in accordance with 37 CFR 1.4(d)(4), that the terminal disclaimer fee under 37 CFR 1.20(d)
required for this terminal disclaimer has already been paid in the above-identified application.

Applicant claims the following fee status:

(® Small Entity
(O Micro Entity

(O Regular Undiscounted

| hereby declare that all statements made herein of my own knowledge are true and that all statements made on information and
belief are believed to be true; and further that these statements were made with the knowledge that willful false statements and
the like so made are punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States Code and
that such willful false statements may jeopardize the validity of the application or any patent issued thereon.

THIS PORTION MUST BE COMPLETED BY THE SIGNATORY OR SIGNATORIES

| certify, in accordance with 37 CFR 1.4(d)(4) that | am:

® An attorney or agent registered to practice before the Patent and Trademark Office who is of record in
this application

Registration Number 28021

(O Asoleinventor

O A joint inventor; | certify that | am authorized to sign this submission on behalf of all of the inventors as evidenced by the
power of attorney in the application

(O Ajointinventor; all of whom are signing this request

Signat
Ignature /steven j. hultquist/

G Steven Hultquist

*Statement under 37 CFR 3.73(b) is required if terminal disclaimer is signed by the assignee (owner).
Form PTO/SB/96 may be used for making this certification. See MPEP § 324.
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Electronic Patent Application Fee Transmittal

Application Number:

14606771

Filing Date:

27-Jan-2015

Title of Invention:

METHODS AND APPARATUS FOR LOW HEAT SPRAY DRYING

First Named Inventor/Applicant Name:

Charles P. Beetz

Filer: Steven John Hultquist
Attorney Docket Number: 4585-101 CIP
Filed as Small Entity
Filing Fees for Utility under 35 USC 111(a)
Description Fee Code Quantity Amount Sul:’-s'l'g(tsa)l in
Basic Filing:
Statutory or Terminal Disclaimer 2814 1 160 160
Pages:
Claims:

Miscellaneous-Filing:

Petition:

Patent-Appeals-and-Interference:

Post-Allowance-and-Post-Issuance:

32




Description Fee Code Quantity Amount Sull),-s'l'g(tsa)l in
Extension-of-Time:
Miscellaneous:
Total in USD ($) 160
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Doc Code: DISQ.E.FILE
Document Description: Electronic Terminal Disclaimer — Approved

Application No.: 14606771
Filing Date: 27-Jan-2015

Applicant/Patent under Reexamination: Beetz et al.

Electronic Terminal Disclaimer filed on  March 11, 2016

X APPROVED

This patent is subject to a terminal disclaimer

] DISAPPROVED

Approved/Disapproved by: Electronic Terminal Disclaimer automatically approved by EFS-Web

U.S. Patent and Trademark Office
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Electronic Acknowledgement Receipt

EFS ID: 25167943
Application Number: 14606771
International Application Number:
Confirmation Number: 9733

Title of Invention:

METHODS AND APPARATUS FOR LOW HEAT SPRAY DRYING

First Named Inventor/Applicant Name:

Charles P. Beetz

Customer Number:

23448

Filer:

Steven John Hultquist

Filer Authorized By:

Attorney Docket Number: 4585-101 CIP
Receipt Date: 11-MAR-2016
Filing Date: 27-JAN-2015

Time Stamp: 10:02:16

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment yes
Payment Type Credit Card
Payment was successfully received in RAM $160

RAM confirmation Number 7371
Deposit Account 083284

Authorized User

HULTQUIST, STEVEN J.

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows:

Charge any Additional Fees required under 37 CFR 1.16 (National application filing, search, and examination fees)

Charge any Additional Fees required under 37 CFR 1.17 (Patent application and reexamination processing fees)
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Charge any Additional Fees required under 37 CFR 1.21 (Miscellaneous fees and charges)

File Listing:

Document s . File Size(Bytes)/ Multi Pages
Number Document Description File Name Message Digest | Part/.zip| (ifappl.)

33525

1 Electronic Terminal Disclaimer-Filed eTerminal-Disclaimer.pdf no 2
235d46da%a37a3060c24dbbdf3429645002)

Warnings:

Information:

30499
2 Fee Worksheet (SB06) fee-info.pdf no 2

0d5f94d75045a77458e5a158e559691967
bsfee

Warnings:

Information:

Total Files Size (in bytes): 64024

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similarto a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re United States Patent Application of: ; Docket No.: 4585-101-CIP
)
Applicant: ZOOMESSENCE, INC. ; Conf. No.: 9733
)
)
Application No.: 14/606,771 ; Art Unit: 3752
Date Filed: January 27, 2015 ; Examiner: Davis D. Hwu
)
Title: METHODS AND ) Customer No.:
APPARATUS FOR LOW ;
HEAT SPRAY DRYING | 23448
)
)

CERTIFICATE OF EFS FILING

I hereby certify that this document is being filed via EFS in the United States Patent and Trademark Office on March 11, 2016.
/steven j. hultquist/

RESPONSE TO FEBRUARY 17,2016 OFFICE ACTION IN U.S. PATENT
APPLICATION NO. 14/606,771

Mail Stop Amendment
Commissioner for Patents

P.O. Box 1450

Alexandria, Virginia 22313-1450
Sir:

This responds to the February 17, 2016 Office Action in the above-identified application.

A listing of the claims of the above-identified patent application is set out in Section I

(Amendments to the Claims) hereof. No amendments are being made herein.

Remarks concerning the patentable distinction of the pending claims and the substance of

the February 17, 2016 Office Action are set out in Section II (Remarks) hereof.
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Section I (Listing of the Claims)

A listing of the claims 1-20 of the application is set out below. No amendments are being

made in this response.

1. (Original) A spray dried powder, comprising;

a plurality of dried particles, which individually contain an amount of final active
ingredient encapsulated within a carrier resulting from drying a slurry containing an
initial active ingredient, a liquid solvent and the carrier, wherein:

the initial active ingredient includes one or more constituent components, at least
one of which is among one or more principle molecular types from which at least one of
a desirable food, flavor, fragrance, medicament, and pigment is obtained;

the final active ingredient includes one or more of the constituent components
corresponding with those of the initial active ingredient as modified by the drying of the
slurry; and

a weight percentage of at least one of the one or more principle molecular types in
the final active ingredient is within about 5% of a weight percentage of the corresponding

principle molecular types in the initial active ingredient.

2. (Original) The spray dried powder of claim 1, wherein the one or more

principle molecular types are molecular types of a food composition.

3. (Original) The spray dried powder of claim 1, wherein the one or more

principle molecular types are molecular types of a flavor composition.

4. (Original) The spray dried powder of claim 1, wherein the one or more

principle molecular types are molecular types of a fragrance composition.

5. (Original) The spray dried powder of claim 1, wherein the one or more

principle molecular types are molecular types of a medicament composition.
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6. (Original) The spray dried powder of claim 1, wherein the one or more

principle molecular types are molecular types of a pigment composition.

7. (Original) The spray dried powder of claim 1, wherein the weight
percentage of at least one of the one or more principle molecular types in the final active
ingredient is within about 3% of a weight percentage of the corresponding principle

molecular types in the initial active ingredient.

8. (Original) The spray dried powder of claim 1, wherein the weight
percentage of at least one of the one or more principle molecular types in the final active
ingredient is within about 2% of a weight percentage of the corresponding principle

molecular types in the initial active ingredient.

9. (Original) The spray dried powder of claim 1, wherein the weight
percentage of at least one of the one or more principle molecular types in the final active
ingredient is within about 1% of a weight percentage of the corresponding principle

molecular types in the initial active ingredient.

10.  (Original) A spray dried powder, comprising:

a plurality of dried particles, which individually contain an amount of active
ingredient encapsulated within a carrier, wherein:

the active ingredient includes one or more constituent components, at least one of
which is among one or more principle molecular types from which at least one of a
desirable food, flavor, fragrance, medicament, and pigment is obtained; and

a weight percentage of at least one of the one or more principle molecular types in
the active ingredient does not vary by more than about 5% during aging of the dried

powder during any period of elevated temperature of about 95 °F up to about 1000 hours.
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11. (Original) The spray dried powder of claim 10, wherein the one or more

principle molecular types are molecular types of a food composition.

12. (Original) The spray dried powder of claim 10, wherein the one or more

principle molecular types are molecular types of a flavor composition.

13. (Original) The spray dried powder of claim 10, wherein the one or more

principle molecular types are molecular types of a fragrance composition.

14. (Original) The spray dried powder of claim 10, wherein the one or more

principle molecular types are molecular types of a medicament composition.

15. (Original) The spray dried powder of claim 10, wherein the one or more

principle molecular types are molecular types of a pigment composition.

16. (Original) The spray dried powder of claim 10, wherein the weight
percentage of at least one of the one or more principle molecular types in the active
ingredient does not vary by more than about 3% during aging of the dried during any

period of elevated temperature of about 95 °F up to about 1000 hours.

17.  (Original) The spray dried powder of claim 10, wherein the weight
percentage of at least one of the one or more principle molecular types in the active
ingredient does not vary by more than about 2% during aging of the dried during any

period of elevated temperature of about 95 °F up to about 1000 hours.

18.  (Original) The spray dried powder of claim 10, wherein the weight
percentage of at least one of the one or more principle molecular types in the active
ingredient does not vary by more than about 1% during aging of the dried during any

period of elevated temperature of about 95 °F up to about 1000 hours.
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19. (Original) The spray dried powder of claim 10, wherein the carrier comprises

starch.

20. (Original) A spray dried fiber composition, comprising:

a plurality of dried fibers, which individually contain an amount of final active
ingredient encapsulated within a carrier resulting from drying a slurry containing an
initial active ingredient, a liquid solvent and the carrier, wherein:

the initial active ingredient includes one or more constituent components, at least
one of which is among one or more principle molecular types from which at least one of
a desirable food, flavor, fragrance, medicament, and pigment is obtained; and

the final active ingredient includes one or more of the constituent components
corresponding with those of the initial active ingredient as modified by the drying of the
slurry, and wherein the spray dried fiber composition has at least one of the
characteristics of (i) a weight percentage of at least one of the one or more principle
molecular types in the final active ingredient is within about 5% of a weight percentage
of the corresponding principle molecular types in the initial active ingredient, and (ii) a
weight percentage of at least one of the one or more principle molecular types in the final
active ingredient does not vary by more than about 5% during aging of the dried fibers

during any period of elevated temperature of about 95°F up to about 1000 hours.
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Section II (Remarks)

Filing of Terminal Disclaimer to Overcome Nonstatutory Double Patenting

Rejection

In response to the nonstatutory double patenting rejection of claims 1-20 over claims 1-
31 of U.S. Patent 8,939,388, an eTerminal Disclaimer has concurrently been filed
herewith, and granted by the USPTO, terminally disclaiming over such U.S. Patent
8,939,388. Accordingly, it is requested that the nonstatutory double patenting rejection

be withdrawn.

Rejection of Claims 1-9 Under Pre-AIA 35 USC 103(a)

In the February 17, 2016 Office Action, claims 1-9 were rejected under pre-AIA 35 USC
103(a) over Jennings U.S. Patent 5,723,424 (“Jennings”). Such rejection is traversed, and
reconsideration of the patentability of claims 1-9 is requested, in light of the ensuing

remarks.

Claim 1, from which each of the remaining rejected claims 2-9 is directly dependent, is

set out below for ease of reference.

1. (Original) A spray dried powder, comprising:

a plurality of dried particles, which individually
contain an amount of final active ingredient encapsulated
within a carrier resulting from drying a slurry
containing an initial active ingredient, a liquid solvent and
the carrier, wherein:

the initial active ingredient includes one or more
constituent components, at least one of which is among one
or more principle molecular types from which at least one
of a desirable food, flavor, fragrance, medicament, and
pigment is obtained,

the final active ingredient includes one or more
of the constituent components corresponding with those
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of the initial active ingredient as modified by the drying
of the slurry; and

a weight percentage of at least one of the one or
more principle molecular types in the final active
ingredient is within about 5% of a weight percentage of
the corresponding principle molecular types in the
initial active ingredient.

(emphasis added)

Claim 1 specifies a spray dried powder in which an active ingredient is encapsulated in a
carrier.

The active ingredient includes one or more constituent components.

At least one of these components is of a molecular type for obtaining a food, flavor,

fragrance, medicament, and/or pigment, and is present in the active ingredient in the

spray dried powder (the active ingredient in the spray dried powder being specified as

the “final active ingredient”) at a weight percentage that is within about 5% of its

weight percentage in the active ingredient prior to spray drying (the active ingredient

prior to spray drying being specified as the “initial active ingredient”).

In other words, the spray dried powder includes a molecular type (food, flavor, fragrance,

medicament, and/or pigment) component that is essentially unchanged in weight from

its raw _ingredient state (being within about 5% of its weight percentage in the active

ingredient prior to spray drying). This is in contrast to conventional spray dried food,
flavor, fragrance, medicament and/or pigment active ingredient components, which as a

result of the spray drying operation undergo substantial weight loss due to degradation

and decomposition of such active ingredient components, with associated

deterioration of flavor, appearance, stability, shelf-life, etc.

The examiner’s attention in this respect is directed to the following passages in the

present application, at paragraphs [0010], [0011], [0070], and [0071] thereof:

[0010] One of the prominent attributes of the traditional
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spray drying process is the high temperature of the inlet gas
(typically on the order of 200 °C) leaving the heater 11 and
entering the drying chamber 7, as well as the temperature of
the outlet gas exiting the drying chamber 7, which is usually
in excess of 100 °C. Although the liquid droplets 8 are injected
into the high temperature environment within the chamber 7, the
droplets 8 do not actually reach the inlet gas temperature. The
droplets 8, however, do become heated to a point at which
considerable portions of desired constituents of the droplets
(i.e., portions of the load) are undesirably modified, such as
evaporated and/or oxidized. The undesirable modification to
the load (load loss) leads to a reduction in flavor (in the case of
food loads), a reduction in aroma (in the case of fragrances),
etc. Essentially, evaporation and heat degradation of the load
lowers the performance characteristics of the final powder
product, and therefore results in a significant degradation of
performance in commercial use and a significant loss of
revenue.

[0011] The above disadvantageous characteristics of the
conventional spray dry process have resulted in many process
modifications and emulsion formulations to compensate for heat
induced alterations in the load. This is especially true in the
pharmaceutical industry, where excessive heating during
spray drying leads to degradation of the active ingredient in
a powdered medicament. This also presents a challenge to
flavorists in the powdered flavor industry to design flavor
formulations that can survive the drying process and deliver
acceptable (although significantly flawed) flavor characteristics.

[0070] Reference is now made to FIG. 11, which is a graph
illustrating the weight percentage of the desired component(s)
within dried powder particles produced using the system of
FIG. 2 as compared with the conventional spray drying
process. The no-heat process has demonstrated higher levels of
preservation of starting active ingredients such as volatile
flavor molecules. FIG. 11 shows the results of a 1000 hour
accelerated aging study (at elevated temperatures of about 95 °F)
comparing powders produced by conventional spray dry
processing and the no-heat process. In the illustrated results,
amounts of a particular constituent component, in this case a
principle molecular type called D-Limonene (obtained from
orange oil), were measured in an un-processed source of flavor
oil 400, dried powder 402 produced in accordance with the no-
heat process described herein, and dried powder 404 produced in
accordance with the prior art heated air process. As FIG. 11
clearly shows, the no-heat powder 402 retains essentially the
same flavor oil composition as the original oil source 400
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used to produce the starting slurry, whereas the
conventionally spray dried powder 404 departs significantly
from the original starting oil 400. Similar results were found
for all other principal constituents of other flavor oils.
Additionally, the appearance of degradation products was
greatly diminished in the no-heat samples, resulting in longer
projected shelf-life of the powder.

[0071] The above data reveal that not only are some of the
structures and processes of the system 100 of FIG. 2 inventive,
but the dried powder (or fiber) itself is inventive. Indeed, the
resultant dried powder (or fiber) includes a plurality of dried
particles/fibers, which individually contain an amount of final
active ingredient encapsulated within a carrier resulting from
drying the slurry, which contained an initial active ingredient, a
liquid solvent and the carrier. The initial active ingredient
includes one or more constituent components, at least one of
which is among one or more principle molecular types from
which at least one of a desirable food, flavor, fragrance,
medicament, bacteria, probiotic, pigment, etc. is obtained. The
final active ingredient includes one or more of the constituent
components corresponding with those of the initial active
ingredient as modified by the drying of the slurry. A weight
percentage of at least one of the one or more principle
molecular types in the final active ingredient is essentially the
same (e.g., within about 5%, 4%, 3%, or 1% of a) weight
percentage of the corresponding principle molecular types in
the initial active ingredient.

It therefore is seen that the spray dried powder of the present claimed invention, as

recited in independent claim 1, achieves a substantial advance in the art, as a spray

dried product that is essentially unchanged in_ weight of its active ingredient

component(s), and therefore is correspondingly characterized by superior properties

that closely match those in the raw material components of the active ingredients

that are used for the spray dried powder, as compared to spray dried powders of the

prior art, which suffer substantial decomposition, degradation, deterioration, and weight

loss in the spray drying manufacturing operation.

The cited Jennings reference describes a two-component concrete cleaning mixture.

The first component of the Jennings concrete cleaning mixture includes (i) granular all-

purpose clay material (“known under the TM of ‘OIL DRI’”- column 1, lines 62-63 of

45



Jennings) and (ii) granular attapulgite-type clay (“a cat litter of the attapulgite-type clay”-
column 1, lines 64-65 of Jennings). Jennings states at column 2, line 1 that the cat litter

“has a whitening effect.”

The second component of the Jennings concrete cleaning mixture includes (i) powdered
Kaolin clay and (ii) powdered, finely ground clay dust. Jennings states at column 2, line

48 that “Kaolin has a high whitening effect.”

In use, the first component (OIL DRI + cat litter) of the Jennings two-component mixture
is rubbed into the concrete to remove oil and grease from the surface, and then the second
component (powdered Kaolin clay + powdered, finely ground clay dust) is spread onto
the concrete surface to complete the cleaning action and whiten the formerly soiled

concrete as a result of the whitening effect produced by the Kaolin clay.

The Jennings (OIL DRI + cat litter)/(Kaolin + clay dust) composition is not equivalent to
or in any way suggestive of the spray dried powder of the present invention. Jennings has
been applied on the basis that the Kaolin ingredient “has a whitening effect, column 2,
line 48” and therefore “is a pigment” (Office Action, page 2), and that “Jennings
discloses a powder comprising: an initial active ingredient and a final active ingredient
wherein the ratio of the two ingredients is 50% to 50%” (Office Action, page 2, having
reference to the disclosure at column 2, lines 51-52 that “Kaolin can be present at 90% to
50% as an ingredient in the second component [Kaolin + clay dust]...a ratio of 50% to

50% is preferred [in other words 50% Kaolin + 50% clay dust]”).

It will be appreciated from the foregoing that the 50% to 50% ratio that has been cited in
the Jennings disclosure is simply the relationship of the proportions of Kaolin and clay
dust in the powder mixture of such materials - the powder mixture is simply a 50/50
mixture of Kaolin and clay dust, with both Kaolin and clay dust materials being present in

the mixture at the same time.

10
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It therefore is correspondingly appreciated that Jennings fails to provide any disclosure or

suggestion of the spray dried powder of the applicant’s invention.

Jennings, first and foremost, lacks disclosure of any “spray dried powder” as recited in
applicant’s claim 1. The powder disclosed in Jennings is simply a mixture of Kaolin

powder and clay dust powder.

Accordingly, Jennings contains no disclosure of, and no basis for deriving, “particles,
which individually contain an amount of final active ingredient encapsulated within

a carrier” as recited in applicant’s claim 1.

Further, Jennings contains no disclosure of, and no basis for deriving, a powder in which
“the final active ingredient includes one or more of the constituent components
corresponding with those of the initial active ingredient as modified by the drying of the

slurry” as recited in applicant’s claim 1.

Still further, Jennings contains no disclosure of, and no basis for deriving, a powder in which “a
weight percentage of at least one of the one or more principle molecular types in the final
active ingredient is within about 5% of a weight percentage of the corresponding principle
molecular types in the initial active ingredient” as recited in applicant’s claim 1. As pointed out
above, the ratio of 50% to 50% in Jennings is simply the ratio of the Kaolin (50% of the
total powder) to the clay dust (50% of the total powder), with both being present at the

same time with one another.

2 <
3

Jennings does not contain even a single mention of “encapsulation”, “encapsulating”, or

“encapsulated” material. Jennings in fact contains no disclosure whatsoever from which
“particles...of final active ingredient encapsulated within a carrier” could be inferred,
extrapolated, or even hypothesized.

Since Jennings fails to provide any disclosure from which the spray dried powder of

applicant’s claim 1 can be derived, claim 1 patentably distinguishes over Jennings. It

11
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correspondingly is requested that the rejection of claim 1 based on Jennings be

withdrawn.

For at least the same reasons, claims 2-9, each of which depends directly from claim 1, is

likewise patentable over Jennings. "

Based on all of the foregoing, it is requested that the rejection of claims 1-9 based on
Jennings be withdrawn, and that the nonstatutory obviousness-type double patenting
rejection of claims 1-20 be withdrawn in view of the eTerminal Disclaimer filed

concurrently herewith.

The examiner therefore is respectfully requested to issue a Notice of Allowance for the

application.
Respectfully submitted,
/steven j. hultquist/
Steven J. Hultquist
Reg. No. 28,021
Attorney for Applicant

HULTQUIST IP

P.O. Box 14329

Research Triangle Park, NC 27709
Phone: (919) 419-9350
Fax: (919) 419-9354

! See MPEP 2143.03 (“If an independent claim is nonobvious under 35 U.S.C. 103, then any claim
depending therefrom is nonobvious. /n re Fine, 837 F.2d 1071, 5 USPQ2d 1596 (Fed. Cir. 1988)™).

12
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4, |:| The recipient, via a court proceeding or the like (e.g., bankruptcy, probate), of an undivided interest in the entirety (a
complete transfer of ownership interest was made). The certified document(s) showing the transfer is attached.

The interest identified in option 1, 2 or 3 above (not option 4) is evidenced by either (choose one of options A or B below):

A. An assignment from the inventor(s) of the patent application/patent identified above. The assignment was recorded in
United States Patent and Trademark Office at Reel __035202 , Frame __ 0725 , or for which a copy thereof is
attached.

B. |:| A chain of title from the inventor(s), of the patent application/patent identified above, to the current assignee as follows:
1. From: To:
The document was recorded in the United States Patent and Trademark Office at
Reel , Frame , or for which a copy thereof is attached.
2. From: To:
The document was recorded in the United States Patent and Trademark Office at
Reel , Frame , or for which a copy thereof is attached.

[Page 1 of 2]
This collection of information is required by 37 CFR 3.73(b). The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to
process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 12 minutes to complete, including
gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time
you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S.
Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner
for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PTO-9199 and select option 2.
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STATEMENT UNDER 37 CFR 3.73(c)

3. From: To:

The document was recorded in the United States Patent and Trademark Office at

Reel , Frame , or for which a copy thereof is attached.
4. From: To:

The document was recorded in the United States Patent and Trademark Office at

Reel , Frame , or for which a copy thereof is attached.
5. From: To:

The document was recorded in the United States Patent and Trademark Office at

Reel , Frame , or for which a copy thereof is attached.
6. From: To:

The document was recorded in the United States Patent and Trademark Office at

Reel , Frame , or for which a copy thereof is attached.

|:| Additional documents in the chain of title are listed on a supplemental sheet(s).

] As required by 37 CFR 3.73(c)(1)(i), the documentary evidence of the chain of title from the original owner to the
assignee was, or concurrently is being, submitted for recordation pursuant to 37 CFR 3.11.

[NOTE: A separate copy (i.e., a true copy of the original assignment document(s)) must be submitted to Assignment
Division in accordance with 37 CFR Part 3, to record the assignment in the records of the USPTO. See MPEP 302.08]

The undersigned (whose title is supplied below) is authorized to act on behalf of the assignee.

[steven j. hultquist/ February 29, 2016
Signature Date

Steven J. Hultquist 28,021

Printed or Typed Name Title or Registration Number

[Page 2 of 2]
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METHODS AND APPARATUS FOR LOW HEAT SPRAY DRYING
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Payment information:

Submitted with Payment no
File Listing:
Document Document Description File Name File Slze(B)ftes)/ Multl. .Pages
Number Message Digest | Part/.zip| (ifappl.)
98517
1 Miscellaneous Incoming Letter 101CIP_SubmissionPOA_Trans o )
15 neous Incoming mittal_373Statement.pdf n
97049d19f85e38bcb781fe15cc3ba3f12597|

Taéb

Warnings:

Information:

55




41830
2 Power of Attorney 101CIPZoomEssencePOA.pdf no 1

b591e6712e9d1e777ddd4ee03d4299be86)
7a3503

Warnings:

Information:

86306
3 Power of Attorney 101CIP_POATransmitttal.pdf no 1
a511ffocbf1439fa1e0f83429a448c3d9e09f|
Warnings:
Information:
Assi how ¢ hi 37 138784
4 ssignee showing orownership per 101CIP_373Statement.pdf no 2
CFR 3.73
04990ac05ee5886f7e88ae80903a4e37a01(
35a5
Warnings:
Information:
Total Files Size (in bytes) 365437

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office
If a new international application is being filed and the international application includes the necessary components for

an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re United States Patent Application of: ; Docket No.: 4585-101 CIP
)
Applicant: ZOOMESSENCE, INC. ; Conf. No.: 9733
)
)
Application No.: 14/606,771 ; Art Unit: 3752
Date Filed: January 27, 2015 ; Examiner: Davis D. Hwu
)
Title: METHODS AND ) Customer No.:
APPARATUS FOR LOW ;
HEAT SPRAY DRYING )
) 23448
)
)
)

CERTIFICATE OF EFS FILING

I hereby certify that this document is being filed via EFS in the United States Patent and
Trademark Office on February 29, 2016.
/steven j. hultquist/

SUBMISSION OF POWER OF ATTORNEY, POWER OF ATTORNEY
TRANSMITTAL, AND 3.73(c) STATEMENT, IN
U.S. PATENT APPLICATION NO. 14/606,771

Commissioner for Patents
P.O. Box 1450
Alexandria, Virginia 22313-1450

Sir:

Enclosed and submitted herewith are a Power of Attorney, a Power of Attorney Transmittal, and
a Statement under 37 CFR 3.73(c), for entry in the above-identified patent application. It
therefore is requested that power of attorney for the application be recognized in the undersigned

attorney and other practitioners associated with Customer Number 23448 for this application.
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4585-101

Respectfully submitted,

/steven j. hultquist/
Steven J. Hultquist
Reg. No. 28,021
Attorney for Applicant

HULTQUIST IP

P.O. Box 14329

RTP, NC 27709

Phone: (919) 419-9350

Fax: (919) 419-9354

Attorney File No.: 4585-101 CIP

The USPTO is hereby authorized to charge any deficiency or credit any overpayment of fees properly
payable for this document to Deposit Account No. 08-3284
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POWER OF ATTORNEY BY APPLICANT

| hereby revoke all previous powers of attorney given in the application identified in either the attached transmittal letter or the boxes below.

Application Number Filing Date

{Note: the boxes may be left blank if information is provided on attached transmittat letter.)

| hereby appoint Practitioner(s) associated with the following Customer Number as myfour attorney(s) or agent(s),
and to transact all business in the United States Patent and Trademark Office connected therewith for the application referenced
in the attached transmittal letter or identified above:

OR

23448

D | hereby appoint Practitioner(s) named below as my/our attorney(s) or agenl(s), and to transact all business in the
United States Patent and Trademark Office connected therewith for the application referenced in the aitached
transmittal lelter or identified above:;

Name Registration Name Registration

Number Number

Please recognize or change the correspondence address for the application identified in the attached
transmittal letter or boxes above to: ’

The address associated with the above-mentioned Customer Number.
OR

D The address associated with Customner Number:
OR

Firm or
Individual Name

Address

City | state | Lzip |
Country

Telephone l Email I

| am the Applicant (if the Applicant is a juristic entity, list the Applicant name in the box):

| ' ZoomEssence, Inc.

|:| Inventor or Joint Inventor (title not required below)
l:l Legal Representative of a Deceased or Legally Incapacitated Inventor (title not required below)
Assignee or Person to Whom the Inventor is Under an Obligation to Assign {provide sigrier's title if applicant is a juristic entity)

D Person Who Otherwise Shows Sufficient Proprietary Interest (e.g., a petition under 37 CFR 1.46(b}{2) was
granted in the application or is concurrently being filed with this document) (provide signer's fitle if applicant is & juristic entity)
SIGNATURE of Applicant for Patent
The undersigned (whosefitleds suppliedjaﬂbw),{s authorized to act on behalf of the applicant (e.g., where the applicant is a juristic enfity).
Sowive | Hoolod (2 YT

v [
Name Robert Corbett Telephone | (g08) gassmmn G- O0SY 2
Title Chairman and CEQ, ZoomEssence, Inc.

NOTE: Signature — This form must be signed by the applicant in accordance with 37 CFR 1.33. See 37 CFR 1.4 for signature raquirements and
certifications. if more than one applicant, use multiple forms.

*Total of 1 forms are submitted.

This collection of information is requirad by 37 CFR 1.31, 1.32 and 1.33. The information is required o obtaln or retain & benefit by the public wiich is to file (and by the USPTO to process) an
apptication. Confidentlality Is govemned by 36 U.S.C. 122 and 37 CFR 1.11 and 1.14.
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW .uspto.gov

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKETNO. | CONFIRMATION NO. |
14/606,771 01/27/2015 Charles P. Beetz 4585-101 CIP 9733
23448 7590 02/17/2016
. EXAMINER
Hultquist IP | |
P.O. Box 14329 HWU, DAVIS D
RESEARCH TRIANGLE PARK, NC 27709
| ART UNIT | PAPER NUMBER |
3752
| NOTIFICATION DATE | DELIVERY MODE |
02/17/2016 ELECTRONIC

Please find below and/or attached an Office communication concerning this application or proceeding.
The time period for reply, if any, is set in the attached communication.
Notice of the Office communication was sent electronically on above-indicated "Notification Date" to the

following e-mail address(es):

hip @hultquistip.com

PTOL-90A (Rev. 04/07)
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Application No. Applicant(s)
14/606,771 BEETZ ET AL.

Office Action Summary Examiner Art Unit AlIA (First Inventor to File)
Davis Hwu 3752 rs\jtgtus

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address --
Period for Reply

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTHS FROM THE MAILING DATE OF
THIS COMMUNICATION.

Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed

after SIX (6) MONTHS from the mailing date of this communication.
- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication.
- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133).

Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any

earned patent term adjustment. See 37 CFR 1.704(b).

Status
1) Responsive to communication(s) filed on 27 January 2015.
[ A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filedon _____.
2a)[] This action is FINAL. 2b)[X] This action is non-final.

3)[] An election was made by the applicant in response to a restriction requirement set forth during the interview on
__ ;therestriction requirement and election have been incorporated into this action.

4)[] Since this application is in condition for allowance except for formal matters, prosecution as to the merits is
closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213.

Disposition of Claims*
5[ Claim(s) 1-20 is/are pending in the application.

5a) Of the above claim(s) is/are withdrawn from consideration.
6)[] Claim(s) _____is/are allowed.
7)X Claim(s) 1-20 is/are rejected.
8)[] Claim(s) _____is/are objected to.
9)[] Claim(s) are subject to restriction and/or election requirement.

* If any claims have been determined allowable, you may be eligible to benefit from the Patent Prosecution Highway program at a
participating intellectual property office for the corresponding application. For more information, please see
http/Awww. uspblo.gov/patents/init_events/peh/indax.jsp or send an inquiry to PPHfeadback@uspto.qov.

Application Papers
10)[] The specification is objected to by the Examiner.
11)[] The drawing(s) filed on is/are: a)[] accepted or b)[]] objected to by the Examiner.
Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).
Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).

Priority under 35 U.S.C. § 119
12)[] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or ().
Certified copies:
a)J Al b)[] Some** ¢)[] None of the:
1.[] Certified copies of the priority documents have been received.
2.[] Certified copies of the priority documents have been received in Application No.
3. Copies of the certified copies of the priority documents have been received in this National Stage
application from the International Bureau (PCT Rule 17.2(a)).
** See the attached detailed Office action for a list of the certified copies not received.

Attachment(s)
1) El Notice of References Cited (PTO-892) 3) D Interview Summary (PTO-413)
. . Paper No(s)/Mail Date.
2) & Information Disclosure Statement(s) (PTO/SB/08a and/or PTO/SB/08b) 4 D Other-
Paper No(s)/Mail Date 4/2/2015. er
U.S. Patent and Trademark Office
PTOL-326 (Rev. 11-13) Office Action Summary Part of Paper No./Mail Date 20160209
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Application/Control Number: 14/606,771 Page 2
Art Unit: 3752

DETAILED ACTION

1. This office action is in response to the application of January 27, 2015.
2. In the event the determination of the status of the application as subject to AIA 35
U.S.C. 102 and 103 (or as subject to pre-AlA 35 U.S.C. 102 and 103) is incorrect, any
correction of the statutory basis for the rejection will not be considered a new ground of
rejection if the prior art relied upon, and the rationale supporting the rejection, would be
the same under either status.

Claim Rejections - 35 USC § 103
3. The following is a quotation of pre-AlA 35 U.S.C. 103(a) which forms the basis

for all obviousness rejections set forth in this Office action:

(a) A patent may not be obtained though the invention is not identically disclosed or described
as set forth in section 102 of this title, if the differences between the subject matter sought to
be patented and the prior art are such that the subject matter as a whole would have been
obvious at the time the invention was made to a person having ordinary skill in the art to which
said subject matter pertains. Patentability shall not be negatived by the manner in which the
invention was made.

4, Claims 1-9 are rejected under pre-AlA 35 U.S.C. 103(a) as being unpatentable
over Jennings.

Jennings discloses a powder comprising: an initial active ingredient and a final active
ingredient wherein the ratio of the two ingredients is 50% to 50%, wherein the initial
ingredient is a pigment as recited in claim 6 (has a whitening effect, column 2, line 48).
Jennings does not disclose the final ingredient being within about 5% of the initial
ingredient, however, a ratio of 50.5% and 49.5% for example between the two
ingredients would not affect the function of the product. Jennings does not disclose the
method of forming the final active ingredient, however, a comparison of the recited

process with the prior art processes does not serve to resolve the issue co patentability
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of the product. Whether a product is patentable depends on whether it is known in the
art or it is obvious, and is not governed by whether the process by which it is made is
patentable. Regarding claims 2-5, the molecular types as recited would have been
matters involving the final material to be made and the prior art has already taught a dry
powder comprising two ingredients.
Double Patenting

5. The nonstatutory double patenting rejection is based on a judicially created
doctrine grounded in public policy (a policy reflected in the statute) so as to prevent the
unjustified or improper timewise extension of the “right to exclude” granted by a patent
and to prevent possible harassment by multiple assignees. A nonstatutory double
patenting rejection is appropriate where the claims at issue are not identical, but at least
one examined application claim is not patentably distinct from the reference claim(s)
because the examined application claim is either anticipated by, or would have been
obvious over, the reference claim(s). See, e.g., In re Berg, 140 F.3d 1428, 46 USPQ2d
1226 (Fed. Cir. 1998); In re Goodman, 11 F.3d 1046, 29 USPQ2d 2010 (Fed. Cir.
1993); In re Longi, 759 F.2d 887, 225 USPQ 645 (Fed. Cir. 1985); In re Van Ornum,
686 F.2d 937, 214 USPQ 761 (CCPA 1982); In re Vogel, 422 F.2d 438, 164 USPQ 619
(CCPA 1970); and In re Thorington, 418 F.2d 528, 163 USPQ 644 (CCPA 1969).

A timely filed terminal disclaimer in compliance with 37 CFR 1.321(c) or 1.321(d)
may be used to overcome an actual or provisional rejection based on a nonstatutory
double patenting ground provided the reference application or patent either is shown to

be commonly owned with this application, or claims an invention made as a result of
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activities undertaken within the scope of a joint research agreement. See MPEP §
717.02 for applications subject to examination under the first inventor to file provisions
of the AlA as explained in MPEP § 2159. See MPEP §§ 706.02(1)(1) - 706.02(1)(3) for
applications not subject to examination under the first inventor to file provisions of the
AlA. A terminal disclaimer must be signed in compliance with 37 CFR 1.321(b).

The USPTO Internet website contains terminal disclaimer forms which may be
used. Please visit www.uspto.gov/forms/. The filing date of the application in which the
form is filed determines what form (e.g., PTO/SB/25, PTO/SB/26, PTO/AIA/25, or
PTO/AIA/26) should be used. A web-based eTerminal Disclaimer may be filled out
completely online using web-screens. An eTerminal Disclaimer that meets all
requirements is auto-processed and approved immediately upon submission. For more
information about eTerminal Disclaimers, refer to
http://www.uspto.gov/patents/process/file/efs/guidance/e TD-info-1.jsp.

6. Claims 1-20 are rejected on the ground of nonstatutory double patenting as being
unpatentable over claims 1-31 of U.S. Patent No. 8,939,388. Although the claims at
issue are not identical, they are not patentably distinct from each other because the
product is disclosed as being made by the methods of ‘388.

7. Any inquiry concerning this communication or earlier communications from the
examiner should be directed to Davis Hwu whose telephone number is (571)272-4904.
The examiner’s supervisor, Len Tran can be reached on (571)272-1184. The fax phone
number for the organization where this application or proceeding is assigned is 571-

273-8300. Information regarding the status of an application may be obtained from the
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Patent Application Information Retrieval (PAIR) system. Status information for
published applications may be obtained from either Private PAIR or Public PAIR.
Status information for unpublished applications is available through Private PAIR only.
For more information about the PAIR system, see http:/pair-direct.uspto.gov. Should
you have questions on access to the Private PAIR system, contact the Electronic
Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a
USPTO Customer Service Representative or access to the automated information
system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000.

/Davis Hwu/
Primary Examiner, Art Unit 3752
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38 4849125 A 1989-07-18 | Seiter, W, et al.
39 4661281 A 1987-04-28 | Seiter, W, etal.
40 4476042 A 1984-10-09 | Sprecker, M., et al.
41 4537704 A 1985-08-27 | Sprecker, M., etal.
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CERTIFICATION STATEMENT

Please see 37 CFR 1.97 and 1.98 to make the appropriate selection(s):

That each item of information contained in the information disclosure statement was first cited in any communication
[] from a foreign patent office in a counterpart foreign application not more than three months prior to the filing of the
information disclosure statement. See 37 CFR 1.97(e)(1).

OR

That no item of information contained in the information disclosure statement was cited in a communication from a
foreign patent office in a counterpart foreign application, and, to the knowledge of the person signing the certification
after making reasonable inquiry, no item of information contained in the information disclosure statement was known to

[] any individual designated in 37 CFR 1.56(c) mare than three months prior to the filing of the information disclosure
statement. See 37 CFR 1.97(e)(2).

[] See attached cerfification statement.
[[] The fee setforth in 37 CFR 1.17 (p) has been submitted herewith.

A certification statement is not submitted herewith.

SIGNATURE
A signature of the applicant or representative is required in accordance with CFR 1.33, 10.18. Please see CFR 1.4(d) for the
form of the signature.

Signature Isteven j. hultquist/ Date (YYYY-MM-DD) 2015-04-02

Name/Print Hultquist, Steven J. Registration Number 28021

This collection of information is required by 37 CFR 1.97 and 1.98. The information is required to obtain or retain a benefit by the
public which is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.5.C. 122 and 37 CFR
1.14. This collection is estimated to take 1 hour to complete, including gathering, preparing and submitting the completed
application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S.
Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND
FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria,
VA 22313-1450.
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain infoermation in connection with your submission of the
attached form related to a patent application or patent. Accordingly, pursuant te the requirements of the Act, please be advised
that: (1} the general autherity for the collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited
is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark Office is to
process and/or examine your submission related to a patent application or patent. If you de not furnish the requested
information, the U.S. Patent and Trademark Office may not be able to process and/or examine your submission, which may
result in termination of proceedings or abandonment of the application or expiration of the patent.

The information previded by you in this form will be subject te the following routine uses:

1.

The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act
(5 U.S.C. 552} and the Privacy Act (5 U.S.C. 552a). Recoerds from this system of records may be disclesed te the
Department of Justice to determine whether the Freedom of Information Act requires disclosure of these record s.

A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a
court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of settlement
negotiaticns.

A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a
request involving an individual, to whom the record pertains, when the individual has requested assistance from the
Member with respect to the subject matter of the record.

A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for
the information in order to perform a contract. Recipients of information shall be required to comply with the
requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 352a(m).

A record related to an International Application filed under the Patent Cooperation Treaty in this system of records
may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property Organization, pursuant
tc the Patent Cooperation Treaty.

A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of
National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)).

A record from this system of records may be disclosed, as a rcutine use, to the Administrator, General Services, or
his/her designee, during an inspection of records conducted by GSA as part of that agency's responsibility to
recommend improvements in records management practices and pregrams, under authority of 44 U.S.C. 2904 and
2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection of records for this
purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not be used tc make
determinations about individuals.

A record from this system of records may be disclosed, as a rcutine use, to the public after either publication of
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record
may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed in
an application which became abandoned or in which the proceedings were terminated and which application is
referenced by either a published application, an application epen to public inspecticns or an issued patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law cr regulation.
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CERTIFICATION STATEMENT

Please see 37 CFR 1.97 and 1.98 to make the appropriate selection(s):

That each item of information contained in the information disclosure statement was first cited in any communication
[] from a foreign patent office in a counterpart foreign application not more than three months prior to the filing of the
information disclosure statement. See 37 CFR 1.97(e)(1).

OR

That no item of information contained in the information disclosure statement was cited in a communication from a
foreign patent office in a counterpart foreign application, and, to the knowledge of the person signing the certification
after making reasonable inquiry, no item of information contained in the information disclosure statement was known to

[] any individual designated in 37 CFR 1.56(c) mare than three months prior to the filing of the information disclosure
statement. See 37 CFR 1.97(e)(2).

[] See attached cerfification statement.
[[] The fee setforth in 37 CFR 1.17 (p) has been submitted herewith.

A certification statement is not submitted herewith.

SIGNATURE
A signature of the applicant or representative is required in accordance with CFR 1.33, 10.18. Please see CFR 1.4(d) for the
form of the signature.

Signature Isteven j. hultquist/ Date (YYYY-MM-DD) 2015-04-02

Name/Print Hultquist, Steven J. Registration Number 28021

This collection of information is required by 37 CFR 1.97 and 1.98. The information is required to obtain or retain a benefit by the
public which is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.5.C. 122 and 37 CFR
1.14. This collection is estimated to take 1 hour to complete, including gathering, preparing and submitting the completed
application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S.
Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND
FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria,
VA 22313-1450.
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain infoermation in connection with your submission of the
attached form related to a patent application or patent. Accordingly, pursuant te the requirements of the Act, please be advised
that: (1} the general autherity for the collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited
is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark Office is to
process and/or examine your submission related to a patent application or patent. If you de not furnish the requested
information, the U.S. Patent and Trademark Office may not be able to process and/or examine your submission, which may
result in termination of proceedings or abandonment of the application or expiration of the patent.

The information previded by you in this form will be subject te the following routine uses:

1.

The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act
(5 U.S.C. 552} and the Privacy Act (5 U.S.C. 552a). Recoerds from this system of records may be disclesed te the
Department of Justice to determine whether the Freedom of Information Act requires disclosure of these record s.

A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a
court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of settlement
negotiaticns.

A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a
request involving an individual, to whom the record pertains, when the individual has requested assistance from the
Member with respect to the subject matter of the record.

A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for
the information in order to perform a contract. Recipients of information shall be required to comply with the
requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 352a(m).

A record related to an International Application filed under the Patent Cooperation Treaty in this system of records
may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property Organization, pursuant
tc the Patent Cooperation Treaty.

A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of
National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)).

A record from this system of records may be disclosed, as a rcutine use, to the Administrator, General Services, or
his/her designee, during an inspection of records conducted by GSA as part of that agency's responsibility to
recommend improvements in records management practices and pregrams, under authority of 44 U.S.C. 2904 and
2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection of records for this
purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not be used tc make
determinations about individuals.

A record from this system of records may be disclosed, as a rcutine use, to the public after either publication of
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record
may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed in
an application which became abandoned or in which the proceedings were terminated and which application is
referenced by either a published application, an application epen to public inspecticns or an issued patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law cr regulation.
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ABSTRACT

The present invention relates to a powdered
buckwheat starch eyrup prepared by liquefying starch from
buckwheat flour and spray-drying the liguefled starch, as well
as a method for preparing the same. The powdered buckwheat
starch syrup of the present invention contains various amino
aclds and minerals, asg well as rutin which 18 effective 1in
prevent ing arteriosclerosls, and hence 1t 18 healthy and

excellent in nutritive balance.
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POWDERED BUCKWHEAT STARCH SYRUP AND METHOD FOR PREPARING THE

SAME
BACKGROUND OF THE INVENTION
1. Field of the Invention

The present invention relates to a powdered
buckwheat starch syrup prepared by liquefying and spray-drylng
starch from buckwheat flour, as well as a method for preparing
the same.

2. Degscription of the Prior Art

As raw materlals for preparing starch syrups, there
have been used wvarlous kinds of starch from corn, potato,
sweet potato, taploca, wrinkle-sgseeded pea, wWheat, arrowroot,
sago palm, rice, etc. Starch syrups are viscous, sweet
materials prepared by decomposing and saccharifying the starch
of these raw materlals with saccharifying enzymes. They are
widely used 1n candy products, such as caramels, drops and
iellies; Japanese-style confections, such as bean Jams and
sweet jellles of beans; and other foods, such as Jams, syrups
and foods boliled down in soy sauce.

Recently, with a growing attention to health 1n
soclety, maltoligosaccharides, branched clilgosaccharildes,
sugar alcohols, etc. have attracted attention from the
viewpoints of growing lactobacillus bifidus 1n the tegtines,
lowering sweetness and calorile, preventing tooth decay, and so
forth. 1In order to obtaln a starch syrup which significantly
contalns these saccarldes, varlous investigatlions have been

made into the kinds and combilinationg ¢of enzymes to be added at
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the time of saccharification. However, these 1lnvestigations
have intended only to improve the saccharilide components 1in
gtarch syrups. Among the starch syrups made from the above-
ment ioned raw materials, no syrup 1s known to contain any
effective component having value added. In other words, they
have no characteristics 1in those components other than
saccharides. Furthermore, with respect to raw material
starch, nothing has been reported except for the above-
ment loned materilals which have been conventionally used.
OBJECTS AND SUMMARY OF THE INVENTION

It 1is an object of the present invention to provide,
using a novel raw materlal starch not reported so far, a
powder form starch syrup which 1s excellent in nutritive
balance with resgpect to varlous amino acids and minerals, and
thus good for health.

The present 1nventors have made an 1lntensive study
toward the solution of the above assignment, and given
attention to "soba” {(buckwheat noodles) which 1s a Japanese
traditional food. As a result, the inventors have found that
a powder form buckwheat starch syrup prepared by liquefying
starch from buckwheat flour contains wvarious amino acids and
minerals, as well as rutin contained in buckwheat flour which
1s effective 1in preventing arterliosclerosis. Thug, the
buckwheat starch syrup 1s found to be very healthy in
components and excellent in nutritive balance. The present
invention has been achieved with these findings.

The present invention relates to a powder form

72813-58
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buckwheat starch syrup, namely, powdered buckwheat starch

syrup, prepared by liquefying and spray-drying starch from

buckwheat flour,

ag well as a method for preparing the same.

- 28 -

72813-58

IFF000661163
133



2171389

BRIEF DESCRIPTION OF DRAWINGS
Fig. 1 is a chart showing the results of analysis of the
powder form buckwheat starch syrup of the present invention by HPLC

chromatography.

DETAILED DESCRIPTION OF THE INVENTION

Described below are preferred embodiments of a method for
preparing the powder form buckwheat starch syrup of the present
invention.

Generally, it is preferred that the raw material starch for a
starch syrup contain as little protein as possible from the
viewpoint of filtration and other treatment. Buckwheat flour is
classified into surface layer flour, outside layver flour, inside
layer flour, and whole layer flour containing the former three,
according to the portion of buckwheat seeds ground into flour. 1In
the present invention, not a.whole layer flour having a high protein
content but “uchike” which is a flour mainly comprising medium
layer flour is suitably used, since it has an extremely small
protein content of about 3%. ( "Uchiko” is a backwheat flour used
in the preparation of backwheat noodles in order to prevent a dough
from sticking on the board and the rolling pin.) In addition,
roughly crushed buckwheat seeds { "katsujiisu” ) may also be used.

First, 2 - 3 volumes of water is added to the raw material
puckwheat flour ( "uchiko” ), which is then mixed and swollen to
thereby obtain a starch milk (B % 25 - 30). This starch milk is
filtered to remove foreign substances, etc¢. The pH of the filtrate
is adjusted at 5.0 - 6.0, and then a liguefying enzyme is added

thereto to liquefy the filtrate.
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As the liquefying enzyme to be used in this procedure, g -
amylase is used. For example, Neospeedase manufactured by NAGASE
BIOCHEMICALS, LTD. is suitably used.

For the liquefying, the liquefying enzyme is added in an amount
of 0.1 - 1.0% by weight based on the solid content of the starch
stock solution, and the resultant mixture is left at 88 -~ 90°C for 1
- 2 hours.

At the completion of the ligquefying, the starch sugar has a DE
(dextrose equivalent) value of about 10 - 20.

In addition to the above-mentioned enzyme saccharification
method, the liquefying of starch can also be perfcrmed by using an
acid, such as ozalic acid.

After the completion of the liquefying reaction, the reaction
solution is decolored with active carbon (granular carbon). Then,
the solution is subjected to centrifugation or passed through a
filter press to remove proteins as solid residue.

The above protein fraction recovered as solid residue is
excellent in digestion, containing nutrient proteins, various amino
acids, vitamins and minerals. Therefore, the protein fraction can
be used as a food extender to be added to bean jams, dough for
bread and cakes, etc. in contrast to the corresponding protein
fraction from the conventional process using corn starch which has
been used only as feed for chickens.

The solution so far treated is then dried with a spray dryer in
which the temperature at the air-feeding state is set at 90 - 150
‘C. The moisture in the solution has been removed in an instant and
the resultant product is air-dried. Then, the temperature at the

open state is set at 80 - 90 °C, and the product is recovered.
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Thﬁs, a desired buckwheat starch syrup in a powder form is
oktained.

The thus obtained powder form buckwheat starch syrup of the
present invention has a slight sweet taste and a fragrance,
compared to conventional enzyme-saccharified starch syrups (the so-
called "high-maltose starch syrup") having a strong sweet taste like
sugar. When used in combination with concentrated products
(condensed products, extracts, etc.) from milk, fruit, nuts,
coffee, tea, or the like, the powder form buckwheat starch syrup of
the present invention has an effect of reinforcing the tastes of
these products.

The powder form buckwheat starch syrup thus obtalned contains
varicus oligosaccharides represented by maltose, maltotriose,
maltotetraose and maltopentaose; various amino acids, such as
arginine, alanine, glycine, glutamic acid and aspartic acid;
minerals; vitamins and the like in good halance. Furthermore, it
also contains rutin from buckwheat which is effective in improving
the resistance of capillary vessels. Therefore, the powder form
buckwheat starch syrup of the present invention is effective in
preventing adult diseases, such as arteriosclerosis and
hypertension, and yet it is excellent in nutritive balance. Thus,
the syrup is very useful as a healthy food.

Utilizing the characteristic of bein powder, the buckwheat
starch syrup ©f the present invention can be suitably used in
various foods. For example, the powder farm syrup may be used in
ham and sausage as an extender, in creamy powder for coffee, in ice
cream as a substitute for butterfat component, in various products

from soke brewing, in fish flours (to be dusted over cocoked rice),
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in powder seasonings such as bouillon powder, in powder spices, in

sauces for broiling and teriyaki and so on.

EFFECT QF THE INVENTION
According to the present invention, there is provided a
buckwheat starch syrup in a powder form which contains various
amino acids and minerals as well as rutin effective in preventing
arteriosclerosis, and is thus healthy and excellent in nutritive
balance. In addition, there is also provided a method for

preparing the powder form buckwheat starch syrup.

PREFERRED EMBODIMENTS OF THE INVENTION

Now the present invention will be described in more detail with
reference to Examples, which should not be construed to be limiting
the scope of the present invention.

EXAMPLE 1
Preparation ¢f Powder Form Buckwheat Starch Syrup

Two liters of water was added to 1 kg of raw material buckwheat
flour ( "uchiko” ), which was then mixed and swollen to obtain a
starch milk (B x 25 ° ). The pH of the starch milk was adjusted at
€.0, and 3 g of liguefying g —amylase (Neospeedase manufactured by
NAGASE BIOCHEMICALS, LTD.) was added thereto. The resultant mixture
was left at 90 °C for 2 hours for liguefying. At the completion of
the liguefying, the starch sugar had a DE (dextrose eguivalent)
value of 20.

After the completion of the liguefication reaction, the
reaction solution was decolored with active carbon (granular

carbon), and then subjected to centrifugation or passed through a
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filter press to remove proteins as solid residue. Next, the
resultant solution was air-dried with a spray dryer (manufactured
by Nicro) in which the temperature at the air-feeding state was set
at 130 °C. Then, the temperature at the open state was set at 80
°C , and the resultant product was recovered. Thus, 200 g of a

desired starch syryp in a powder form was obtained.

TESTING EXAMPLE 1
Characteristic and Component Analysis of
powder Form Buckwheat Starch Syrup
The powder form buckwheat starch syrup obtained in Example 1
was analyzed on the following items.
(1) General component analysis and calory

Moisture content 2.6%

(Heat-drying under reduced pressure)

Proteins *t! 0.8% (Kjeldahl method)

Lipids 0% {Soxhlet extraction)

Fiber 0% {Improved Henneberg-Stohmann method)

Ash 0.9% [(Direct ashing)

Sugars *} 95.7%

Energy *3’ 386 kcal/100 g

Iron 0.29 mg/100 g (¢ -phenanthrcline absorp-
ticmetry)

Calsium 109 mg/100 g (Potassium permanganate

volumetric analysis}

Potassium 128 mg/100 g (Atomic absorption spectrometry)
*1)  Nitrogen/Protein conversion factor: 6.25
7
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*2}  (Calculation formula: 100 - (moisture content + proteins
+ lipids + fiber + ash)
*3!  Energy conversion factors:
proteins; 4
lipids; 9

carbohydrates {fiber + sugars}; ¢

(2} BSugar composition

(Analytical conditions}

HPT.C
Equipment used: Tosch 5C-8020 System (manufactured by
Tosoh Corp.)
Column: Shodex $C-1011 {manufactured by Showa Denkoc K.K.)
8¢ & 300 mm
Eluent: Distilled water
Temperature: 70°C
Detection: Differential refractive index detector
RI-8020 (manufactured by Tosch Corp.)
{(Results)
Glucose g.06%
Maltose 13.7%
Maltotricse 11.1%
Maltotetraose 7.72%
Maltopentacse 9.59%
Maltochexaose 13.4%

{3} Aamino acid composition {Amino acid automatic analyzing method;

Arginine 3 mg/100 g

IFFOD0B6116S
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Lysine 1 mg/100 g
Histidine 1 mg/100 g
Phenylalanine 1 mg/100 g
Tyrosine not detected
Leucine not detected
Isoleucine 1 mg/100 g
Methionine not detected
Valine 2 ng/100 g
Alanine 8 mg/1l00 g
Glycine 9 mg/100 g
Proline not detected
Glutamic acid 11 mg/100 g
Serine 1 mg/100 g
Threonine 1 mg/100 g
Aspartic acid 4 mg/100 g

Measurement of rutin content

(Method and analytical conditions)

(i) Preparation of test solution
1 g of test sample was accurately measured out and water
was added thereto to give a 10 ml sclution, which was used

as a test solution,

(i1) HPLC chromatography

A 20 g1 standard solution of rutin (0.04 - 0.4 g g
rutin/ml water) was applied to HPLC chromatography and its
working curve was prepared. Next, 20 g 1 of the test

solution was applied to HPLC chromatography and the rutin
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concentration in the test solution was determined based on
the working curve. Then, the rutin concentration in the

test sample was calculated. The detection 1limit was set at

0.01 mg/L00 g.

Equipment used: Maodel LC-10AS {manufactured by Shimadzu
Seisakusho Ltd.}
Detector: UV Spectrophotometer SPD-10A (manufactured by
Shimadzu Seisakusho Ltd.)
Column: YMC Pack ODS-A A-312
Maobile phase : 2.5 % Acetic acid-Mehtanol-Acetonitrile
{35:5:10 v/V/V}

Wave length: 360 nm

#low rate : 1 ml/min
{Results)
Rutin : 0.20 mg/100 g

The analvsis resulis {(chart} by HPLC chromatocgraphy are shown

in Fig. 1.

REFERENCE EXAMPLE

Component Analysis of Buckwheat Flour "lchiko”

Moisture content 14.0% (Drying method)

Sugars B2.1% (100 minus other components)

Ash 0.3% {Drving method)

Crude protein 3.6% (Kjeldahl method)

Degree of whiteness 72 {atomic absorption spectrometry)
10
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE

PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS:

1. A powdered buckwheat starch syrup prepared by
liguefying starch from buckwheat flour and spray=-drying the

liguefied starch.

2. The powdered buckwheat starch syrup according to
claim 1, wherein the buckwheat flour is "uchiko"” or its
equivalent which is a medium layer flour with a low protein
content used in the preparation of buckwheat noodleg in order
to prevent a dough from sticking on the board and the rolling

Pih.

3. A method for preparing a powdered buckwheat starch
syrup, which comprises liquefying starch from buckwheat £lour

and spray-drying the ligquefied starch.

4. The method according to claim 3, wherein:

the buckwheat flour is "uchiko" or its egquiwvalent
which is a flour with a low protein content used in the
preparation of buckwheat noodles in order to prevent a dough
from sticking on the board and the rolling pin; and

for the liguefaction, a starch milk having a pH of
5.0 - 6.0 made from the buckwheat flour and water i1s heated

in the presence of a-amylase or an acid.

5. The method according to claim 4, wherein the starch

milk is heated in the presence 0.1 to 1.0% by weight (based
11

72813-58

IFFO00861172
142



2171389

on the solid content of the starch milk) of s—amylase at a
temperature of 88 - 90°C, until a dextrose equivalent of

from about 10 to about 20 is attained.

6. The method accoxrding to claim 4, wherein the starch
milk is heated in the presence of an acid until a dextrose

equivalent of from abecut 10 to about 20 is attained.

SMART & BIGGAR
OTTAWA, CANADA

PATENT AGENTS

12
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Description

BACKGROUND OF THE INVENTION

The present invention relates ic methods for producing chewing gum. More parficularly the invention
relates to producing chewing gum containing Aliame.

Aiitame is a high-potency sweelener with a chemical compositicn of L-a-Aspartyl-N-{2.2,4 4-tetramethyl-
3-thietanyl}-D-alaninamide hydrate. This sweetener, which is not yet approved for use in food products and
chewing gum, is being considered by the FDA as a tood additive. The manufaciurer of Alitame is the Pfizer
Corporation ot Groton, Connecticut. This highly consumer-acceptable, high-potency swesetener gives chew-
ing gum a fast, strong release that is not desirable.

Alitame has been used in chewing gum. Such use has been disciosed in severai patenis. U.S. Patent
No. 4,411,925 discloses simple addition of Alitame in gum. LLS. Patent No. 4,536,396 discloses combina-
ftons of Alitame and Acesulfame K in foods including chewing gum.

Alitame has been found 1o be relatively unstable and susceptible to degradafion in chewing gums
containing cengin ingredients. This result was rather unexpectad since Alitame has been shown to be much
more stable in aqueous sciutions than aspartame, another dipeptide high-potency sweetener, and therefore,
was sxpected 1o he much more stable in chewing gums.

Further, at the concentrations usually used in chewing gums, Alitame has a pure and rapidly petceptible
sweet taste that does nat #inger. However, when Alitame is added to chewing gum ai a level of about
0.01%-0.04%, the sweetener gives the chewing gum a fast, intense sweeiness which dissipates rather
quickdy, ieaving a strong flavor that is less than pieasant. It wouid be considersd a significant improvement
to & chewing gum o have Aftame protected against degradation, or ta have its sweetness released as the
flavor in the gum is released. thus balancing the overall tasie perception. Thus, methods of treating the
high-potency sweetener to protect against degradation and to delay the release of swesiness in balance
with the chewing gum flavar would therefore be a definite improvement.

Eftorts have been directed at pevtecting the use of olher high-potency swesteners within the chewing
gum formulgticn, to thereby increase ths shelf-life stability of the ingredients, is. the protection against
degradation of the high-potency sweetaner over time.

EF Patent 0302024 teaches providing a chewing gum with at feast 2 layers, one of which includss
aspartame, the other of which inciudes gum base and Havouring agents. The layers are provided on the
oppusite sides of a protective film that is disposed between the 2 layers, so that the aspartame is separated
from the flavaunng agents in the sscond fayer and does not contact them.

U.S. Patent No. 4,139.639 {o Behoshy el al. ieaches & process of “Hixing” aspartame by co-drying (by
spray drying or fluid-bed coating) a solution coniaining aspartame and an encapsulating agent, such as gum
arabic, to thereby surround and protect the aspartame in the gum during storage.

U.S. Patent No. 4384004 to Cea et ai teaches a method of encapsuiaiing aspartame with various
solutions of encapsulating agents using various encapsulation techniques, such as spray drying, in order o
increase the shelf-stability of the aspartame.

Efforts have also bsen devoted 1o controlling release characteristics of various ingredients in chewing
gum. Most notably, aftempts have been made to delay the release of sweetenars and flavors in various
chewing gum Formulations to thersby iengthen the satisiactory chewing time of the gum. Delaying the
release of sweetenars and flavors can aiso avoid undesirable overpowering burst of sweeiness or Havor
during the initial chewing pericd. On the other hand, some ingredients have been treated sc as to increase
their rate of release in chewing gum.

Some patents disclose how a sweetener like aspartame can be physically modified to conirol the
release rate in chewing gum. For example, U.S. Paient No. 4,597,970 ‘0 Sharma et al. teaches a process for
producing an aggiomerated sweetener wherein the sweetener is dispersed in a bydrophobic matrix
consisting essentiatly of lecithin, a glycerids, and & fatty acid ar wax having a meiting pcint betwesn 25-C
and 100-C. The method disclosed uses a spray-cangealing step to farm the sweetener-containing matrix
info dropietls, followed by a fluid-bed second coaling on the agglomerated parlicies.

U.S. Patent Nos. 4,515,769 and 4,386,108, bath fo Merrit et al., teach a two step procsss for preparing a
delaved release flavorant for chewing gum. In this process, the flavorant is prepared in an emulsion with a
hydrophilic mairix. The emuision is dried and ground and the particies are then coated with a water-
impsrmeaable substance.

U.S. Patent No. 4,230.687 1o Sair ef al. feaches a process for encasing an active ingredient fo achieve
graduai release of the ingredient in a product such as chewing gum. The method described involves adding
the ingredient to an encapsulating material in the form of a viscous paste. High-shear mixing is used fo
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achieve a homogeneous dispersion of the ingrediant within the matrix, which is subsequently dried and
ground.

WO 832/05589 to Zibell teaches coating a quantity of previously coaied high potency sweetener
particles, particularly aspartame, with zein in order to produce a chewing gum with delaved reicase.

U.S. Patent No. 4,634,593 to Stroz st al. teaches a method for producing controlied release sweeteners
for confections, such as chewing gum. The method taught therein invoives the use of an insoluble fat
material which i5 mix muiied with the sweetener.

in light of the problem that Aiitame degrades in the presence of some chewing gum ingredients, there
presantly exists a need to prevent this degradation. There also exists the nesd to conirol Altame’s release
from the chewing gum so as to increase overall taste perception. Nene of the prior art indicated speciticaily
addresses either a means to delay the degradation of Alitame in chewing gum or a means to slowly release
the sweetener. Thus a means to both delay the degradation and conirol the release of Alitame would be
highly desired.

The present invention includes a method of making chewing gum with Alitame and the chewing gum
itseif. The chewing gum of the present invention comprises in intunate admixture, a gum base from 5 to
95% of tha chewing gum composition, a bulking agent from 10 to 90% of the chewing gum composition, a
flavouring agent from 0.1 to 10% of the chewing qum composiiion, coated Afitame whersin at least one of
the said gum base ingredients, bulking agents, or flavouring agents is also an Alitame degradatior agent
and wherein the Alitame iz sufficiently coated to siow Alitame degradation due to the degradalion agent so
that at ieast 60% of an onigina! amount oF Alilame in the chewing gum remains after 8 weeks of storage at
28°C (857 F), excepting that the coated Alitame is not blended with Acesulfame K prior to coating and the
cozafed Alitame is not coated with zsin.

in accordance with a preferred embackment of this invention the Alitame is coated by a malerial in order
to siow Alitame degradation The malerial coating the Alitame is selected from lhe group consisting of
acrylic polymers, acrylic copolymsrs, carboxyvinyl polymers, polyamides, polystyrene, polyvinyl acetate,
poiyvinyl acstate phialate and, Polyvinylpyrrolidone.

in accordance with another preferred embodiment of this invention, the Alifame is coated with natural
gums liks agar, alginates, guargum, gum fragacanth, xanthan gum, o: carrageanan.

in accordance with stii another preferred embodiment of this nvention, the Alitame is coated with a
celivlose derivative selected from the group consisting of ethyl celluiose. methy! celivlose, sodium
hydroxymethyl cellulose, hydroxypropyimethyi cellulose; or dexirin; gelatin or modified starches.

in another preferred embodiment, the Alitame used to sweeten the chewing gum is coated oy shellac or
Zein.

An advantage of this invention is that Alilame’s unstability in chewing gum can be controlied by
separating the sweetener from the substances capable of degrading it

Furthermore, the Alitame may be siowly relsased in the gum, resulting in a chewing gume which is
sweseter and more gratifying o the consumar.

Anather advantage rendered by this invention is that a higher quantity of the swaeiener Alitams can be
used without the conscmer reakizing a sudden burst of swesingss. The end prcduct has a gradual and
detayed reiease of sweelness which is compatibie with the flavor release in most chewing gums.

The present invention together with the aftendant objects and advantages will be best understood with
reierence fo the detailed description below.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

The chewing gum of the present invention includes a gum base, a bulking agent, a flavoring agent, the
swestener, Alitame and a means to separaie the Alitame from substances in the gum capabie of degrading
the Alitame.

In sugarless gums, a high-potency sweetensr is usually used with a sugar alcohol. The sugar alcahot
praovidas some swaetness, but is predominantly usad as a bulking agent. Suitable sugar alcohals for
sugarless gums include sorbitol, marmnitol, xylitol, hydrogenaled slarch hydrolysates, maitiiol, and the like,
as well as combinations thereaof. Early tests with sugeafless gums containing Alitame showed unexpected
Alitame degradation. It was theorized that the sugar alcohols used in the gum had an adverse effect upon
Alitame. The results in Tests 1-4 discussed telow confirmed this theary. It is also thought that some flavor
ingredients, cther aliditols or soma base ingredients may causs Alitame degradation.

As stated previously, Alitame releasss very quickly from chewing gum during the early stages of
mastication of the gum because of its high solubiiity in water. Physical modtfications ot the swestener by
encapsulaticn with another substrate may not only slow its release in chewing gum by reducing the
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dissolution rate of Alitama, buf may also reduce or sliminate the degradation of Alitame. Ary standard
technique which gives pariial or full encapsulation of the Afitame sweelener can be used. These techniques
include, but are not limited to, agglomerat:ion, spray drying, fluidd-bed coating and coacervation with the
most preferred embadiments described below in Examples 8. 9 and 12. These encapsulation technigues
that give pariiai encapsulation or full encapsulation can be used individually or in any combination in a
single step process or multiple step process. Generally, improved stability of sweefener is obtained in
muitistep processes like spray drying the sweetener and then #uid-bed coating or agglomeration of the
resultant powdsar.

The encapsulation techniques here described are standard coating techniques and gsnerally givae
varying degrees of coating from partal to tuil coating, depending on the coating compositions used i the
process. Also, the coating compasitions may be susceptible to wator permeation to varous degrees.
Generaily, compositions that have, goed fiim-forming properties and low water soiubility give better stab:lity
of the sweetener. Such compositions include acrylic polymers and copolymers, carboxyvinyl poiymer,
polyamides, polystyrene, polyvinyl acelate, polyvinyl acetate phthalate, and polyvinyl-pyriolidone Two
standard food-grade coating materiais that are good film formers but which are not water soluble are sheiiac
and Zein. Others which are more watar soluble, and good film formers, are matarials iike natural gums like
agar, alginates, guar gum, gum tragacanth, xanthangum, or carrageenan, a wide range of celiuiose
derivatives kka othyi cellulose, mathyl cellulose, sodium hydroxymethy! celiulose; and hydroxypropyimethyi
cellulose, dextrin, gelatin, and moditied starches. These ingredients, which are generally approved for food
use, aiso give an improved siability when used as an erncapsulant for Alitams. Other encapsulants like
acacia ar malfodextrin can also encapsufate Alitame, but give very fite improvement in the stabiity of
Alitame n gum.

The amaunt of coating or encapsulating matarial on the sweetener Alitame also controls the stahility
improvernent of Alitame in chewing gum. Generaily, the higher the leval of coafing and the lower the
amount of degradation of Alitame. To obtain the desired stability improvement. the encapsulant shouid be
set at a minimum of about 10% of the coated sweetener. Preferably. the encapsuiant shouid be at least
about 15% of the coated sweetener, and most preferably should be a minimum of about 20% of the coated
swestener.

Anciher methad of improving the stability of Alitame is to aggiomerate or granulate the sweetener with
an agglomerating agent which partiaily coats the sweetener. This method includes the step of mixing the
sweetener and agglomerating agent with a small amount of water or solvent. The mixiure is prepared in
such a way as tc have individua! wet particies in contact with each other so that a partial coating can be
applied. After the water or soivent is removed, the mixture is ground and used as a powdsered, coated
swaetener.

Materiais that can be used as the agglomerating agent are the same as thoss used in encapsulation
mentioned previously. However, since the coating is only a partial encapsulation and the Alitame swoetener
is very water soluble, some aggiomerating agenis are more effective in improving Alitame stability than
others. Some of the better agglomerating agents are the organic polymers like acrytic polymers and co-
polymers, polyvinyt acetate, polyvinylpyrroiidone, sheilac and Zein. Other aggiomerating agents ars not as
effective in giving the swestener a delayed release as are the above-mentioned polymers but can be used
fo give improved stability. These other aggiomerating agents include, bat are not limifed to, naturai gums
ike ager, alginates, guar gums, gum tragacanth, xanthan gum, or carrageenan; a wide range of celiviose
derivatives like ethyl cellulose, methyl celiulose, sodium hydroxymethyl celiviose, hydroxypropyimethyd
cellulose; dextrin, and modified starches; and gelatin. Even though the aggiomerated sweetener is only
parttaily coated, when the guantity of coating is increased compared fo the quantily of Alitame swaetener,
the stability of Alitame can be improved fo a greater degree. The level of coating used in the agglomerated
product is a minimum of about 5%. Preferably the coating leve! is a minimum of about 15% and more
preferably zbout 20%.

The Alitame sweetener may be coated in a two-step process or multiple step process. The sweetener
may be ancapsulated with any of the materiais as describad praviously and then the encapsulated
sweelener can be aggiomeraied as described previousiy to obtain an
encapsulatedsagglomerated/sweetenerproduct that could be used in chewing gum o give an improved
Alitame stabiity.

In another embodiment of this invention, Alitame sweeiener may be absorbed onto another component
which is porous, thus bacoming enfrapped in the matrix of the poroeus component. Comman materials used
for absorbing the sweeterer include, buf are not limited o, silicas, silicates, pharmasorb clay, spongelike
beads or microbeads, amorphous sugars {ike dried dexirose, sucrcse, amorphous carbonates and hydrox-
ides, including aluminum and caicium iakes, vegetable gums and other spray dried materials.

148

IFFO00G659837



iU

i5

20

25

30

35

40

45

50

55

EP 0 461 157 B1

Depending on the type of ehsorbent material and how it is prepared, the amount of Alitame swestensr
that can be loaded into the absorbent wili vary. Generaily, material ike polymers or spongelike beads or
micrabeads. amorphous sugars and amorphous carbonaies and hydroxides absorb about 10% to about
40% of the weight of the absorbent. Other materials fike siicas and pharmasorb clays may be able to
absorb about 20% to about 80% of the weight of the absorbent.

The ganeral pracedure for absorbing the sweetener onto the absorbant is as follows. An absorbent like
fumed silica powder can be mixed in a powder blender and an agueous soiution of the Alitame sweetener
can be sprayed onto the powder as mixing continues. The aqueous solution can be about 5% to 30%
Alitame solids, and higher solid ievels may be used if temperatures up to 90°C are used. Generally, watar
is tha solvent, but other soivents like alcohol couid also e used if approved for use in food. As the powder
mixes, the fiquid is sprayed onto the powder. Spraying is stopped before the mix becomes damp. The still
flowing powder is removed from the mixer and dried to remove the water or other solvent, and ground to a
specific particle size.

After the Alfame sweetener is absorbed onto an absorbent or fixed onto an absorbeni, the fix-
ativefsweetener should be coated by encapsuiztion or aggiomeration. Either full or part:ai coating procs-
dures may be used in the process. Full encapsuiation may be obtained by coating with a polymer as fluid-
bed coating, fiber spinning, coacervation, or any other standard techniques. A pariial encapsuiation or
coating can be obtaingd by agglomeration of the fixative/swestener mixiure using any of the materials
discussed above.

The three methods of use ic obtain an improved stability of Alitame sweetener are: {1) encapsuiation by
spray drying, fluid-bed coating, fiber spinning or coacervation to give full or partial encapsulation, (7}
aggiomeration to give partial encapsulation and (3) fixation or estrapment/aksorption plus encapsulation or
aggiomeration which also gives partial encapsuiation. These three methods, combined in any usable
manner which physicaily isolates the Allame sweetener o improve is stability, are included in this
invention.

Other methods of traating the Alitame sweetener to physically isolate the sweetener from other chewing
gum ingredients may also have some effect on its reiease rate and stability. The Alitame sweetener may be
added to the liquid inside a liquid center gum product. The center fill of a gum product may comprise ons
or more carbohydrate syrups, thickeners, flavors, acidulants, celors, and sugars in conventional amounts.
The ingredients are combined in a canverntional manner. The Alitame sweetener i3 dissolved in the center-
fill iguid and the amount of Altimate sweetener added o the center-filf liquid s about 5 pom to about 400
ppm by weight of the eniire chewing gum formuie. This method of using Alifame swesgtener in chewing gum
can allow for a fowsr usage level of the sweetenet, can give the sweetener a smooth release rats, and can
reduce or eliminate any possible reaction of the swestener with gum base, flavor componenis or aldiiols,
yielding impraved shsif stability.

Anothor method of isolating Alitame sweclener is to use it in the coating/panning of a pellet chowing
gum. Pslel or balli gum is prepared as conventionai chewing gum, but formed into pellsis that are pillow
shaped or into balls. Tha pellets/oalis can then be sugar coated ar pannsd by conventional panning
techniques to make a unique sugar coated peliet gum. Alitame sweetener is very stable and highiy water
soluble, and can be easity added to a sugar soluticn prepared for sugar panning. Alitame can aiso be added
as a powder blended with other powders offen used in some types of conventional paming procedures.
Using Alitame sweetener isolates the sweetener from other gum ingredients and modifies its stability in
chewing gum. Levels of use of Alitame may be about 10 ppm ta about 500 ppm in the coating and about 5
ppm io about 200 ppm of the weight of the chewing gum product. The weight of the coating may be about
20% to about 50% of the weight of the finished gum product.

Conventional panning procedures genrcrally coai with sucrose, but recent advances in panning have
alflowed the use of other carbohydrate materials o be ussd in the place of sucrose. Some of these
cemponents include, but are not limited to, dextrose, maltose, and palatinose, and other new carboydrates
or a combination thereof. These materiais may be blended with panning modifiers inciuding, but not limited
ta, gum arabic, maliodexiring, cam syrup, gelatin, pelluiose type materials like carboxymethyl celiulose, or
hydroxymethyl celiuiose, starch and madified siarches, natural gums like alginates, locust bean gum,
xanthan gum, and gum tragacanth, insoiuble carbonates like calcium carbonate or magnesium carbonate
and talc. Antitack agents may aiso bs added as panning modifiers which aillow the use of a variety of
carbohydrates to be used in the deveiopment of new panned or coated gum products. Flavors may also be
added with the sugar coating and with the Alitame sweetener to yisld unique product characteristics.

Another type of pan coating would also isolate the Alitame sweelener from the chewing gum
ingredients. This technique is referred to as film coating ard is more common in pharmaceuticals than in
chewing gum, but procedures are simitar. A film like sheliac, Zein, or cellulose-type material is apglied onto
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a pellst-type product forming a thin film on the surface of the product. The fim is applied by mixing the
polymer, a plasticizer and a solvent (pigments are optional} and spraying the mixiure onte the pellet
surface. This is done in conventional type panning equipment, or in mare advanced side-vended coating
pans. When a solvent like alcohol is used, extra precautions are needed to prevent fires and expiosions,
and specialized equipment must be used. Since Alitame is highly soluble in alcohol, solvent films can be
added that contain the Alitame sweetener. This will give a unique sweetness release to a film coated
product.

Some film polymers can use water as ihe soivent in film coating. Recent advances in polymer research
and in film coating technoiogy eliminates the probiem associated with ihe use of solvents in coating. These
advances make it possible fo apply aqusous fims to a peilet or chewing gum product As Altame
swaetener is highly water soluble, it can be added t¢ this aqueous film soiution and applied with the film to
the peiiet or chewing gum product. The aqueous fiim or even lhe alcoho: solvent film may aisoc confain a
flavor along with the poiymer and plasticizer. By adding Alitame sweetener fo the polymer/plasticizer/solvent
systemn either as an emulsion or soluiion, the swestener can add sweetness o the Havor and a balanced
flavorisweeiness can be obtained. The Altame swaetener can also be dissolved in the aqueous solvent and
coated on the surface with the aquecus fim. This will give a unique sweetness release to a film coated
product.

The previously described coated sweelener may readily be incorporated into a chewing gum composi-
fion. The remainder of the chewing gum ingredisnis are non-critical o ithe present invention. That is, the
coated particies of high-pstency sweetener can be incorparated into conventional chewing gum formuiations
in a conventional manner. Maturally, the preferred chewing gum formuidation is a sugaress chewing gum.
However, the coated particies of high potency sweetener may aiso be used in sugar chewing gum to
reduce or eliminate the degradation of Altame due to the flavor in the gum. The coated high-potency
sweaetener may be used in either regular chewing gum or bubbie gum.

In general, a chewing gem composition typicaily comprises a watsr soluble buik portion, a water-
insoluble chewable gum base portion and typically water-insoluble flavoring agents. Additionally, the water
soluble portion dissipates with a portion of the flavoring agent over a period of time during chewing, while
the gum base is retained in the mouth throughout the chew.

The insoiuble gum base generally compriges elastomers, resins, fais and oils, waxes, softeners and
inorganic fillers. Elgstomers may include polyisobutylene. iscbutylene-isoprene copolymer and styrene
butadiene rubber as well as natural latexes such as chicie. Resins include polyvinyiacetate and ierpene
resins. Fats and oils may also be included in the gum base, inciuding tallow. hydrogenated and partially
hydrogenated vegetable oils, and cocoa buiter. Commonly empioyed waxes include paraffin, microcrystal-
line and nafural waxes such as beeswax and carnauba. According 0 the preferred embodimsnt of the
present invention, the ingolubie gum base constitutes between about 5 1o about 95 percent by weight of the
gum. More preferabiy, the insolubie gum base comprises between 10 and 50 percent by weight of the gum
and most preferably about 20 to about 35 percent by weight of the gum.

The gum base fypically includes a filter compecnent. The filler component may be calcium cartanate,
magnesium carbonate, taic, dicalcium phagphate or the fike. The Eller may constitute between about 5 and
about B0 percent by weight of the gum bass. Preferably, the filler comprises about 5 to about 50 percent by
weight of the gum base.

Gum bases typically also contain softeners, including glycerol monostearate and glycerol triacetate.
Further, gum bases may &lso contain optional ingredients such as antioxidants, colors, and emulsifiers. The
present invention contemplates using any cormmercially acceptabie base.

The water soluble portion of the chewing gum comprises softeners, sweeteners, flavoring agents and
combinations thereof. Softeners are addad o the chewing gum in order {o opiimize the chewability and
mouth fee! of the gum. Softeners, also known in the art as plasticizers or plasticizing agents, generally
constitute between about 0.5 to about 15.4 percent by weight of the chewing gum. Softeners contemplated
by the invention inciude glycerin, {ecithin, and combinations thereof. Further, agueous sweetener solutions
such as those containing sarbitol, hydrogenatad starch hydrolysates, corn syrup and combinations theseof
may be used as sofieners and binding agenis in gum.

A flavoring ageni may be present in the chewing gum in an amount within the range of frorm about 0.1
to about 10.0 weight percent of the gum. The flavoring agents may comprise essential oils, synthetic
flavors, or mixtures thereof including, but not limited to, nils derived from plants and fruits such as citrus
oils, Fruit essences, peppermint oil, spearmint of, clove oil, oil of wintergreen, anise and the like. Adificial
flavoring components are also contemplated for use in gums of the presant invention. Those skilled in the
art will recognize that natural and artificiai flavoring agents may be comiined in any sensoraily acceptable
biend. All such flavors and flavor biends are contemplated by the present invention.
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Optional ingredients such as colors, emuisifiers, and pharmaceutical agents may be added fo the
chewing gum. In general. chewing gum is manufactured seguentially adding the various chewing gum
ingredients 0 a commercially available mixer known in the art. After the ingredients have been thoroughly
mixed, the gum mass is discharged from the mixer and shaped into the desired form such as by rolling into
sheets and cutfing into sticks, extruding into chunks or casting into peliets.

Generally, the ingredients are mixed by first melting the gum base and adding it to the running mixar
itse#f. Color or emuisifiers may also e added at this time, along with syrup and a portion of the bulking
agent. Further portions of the bulking agent may then be added o the mixer. A flavoring agent is fypically
added with the final portion of the bulking agent. A coated Alitame swaetener is added when convenient.

The entire mixing procedure typicaily takes from five to fifteen minutes, but ionger mixing times may
somatimes be required. Those skilled in the art will recognize that many variations of the above described
procedure may be followed.

Tests 1-5

Tests 1-4 and comparative Test 5 were carried aut to see the effect of alditais {sugar alcohois and
giycerof} found in sugariess gum upon Alitame. A 0.01% Alitame aqueous sofution was divided equaily into
5 portions. In Tests 1-3, different sugar alcohols were added tc each of the first three portions in propaortions
of 5 parts sugar aicohol and 95 paris Alitame solution. in test 4, 2 75/25 bisnd of Lycasin/glycerol was
acdded to the fourth: porion in proportion of 5 parts aiditol and 95 parts Alitams solution. In comparative Test
5, there was no addiion of sugar alcchol. Nexi, each test was divided in half and each half adjusied to
either a pH of 5 or 7. Each tsst was further divided in half again and one half was stored at rcom
temperature while the second half was stored at 120°F. The Alitame stabiity resulis are indicated in the
table below.

Percent Original Alitame Remaining After 12 Weeks
24-C{75°FypH5 | 24°C{75°FipH 7 149°C{120°F} | 48°C{120°F)
pH 5 pH 7
Test 1 5% Giycerol 100 64 69 0
Test 2 5% Sorbiiol 100 100 75 0
Test 3 5% Mannitol 100 94 80 0
Test 4 {5% Lycasin/Giycerol biend 100 94 77 a7
Testb - a7 100 a5 79

Anaiysie of the resuite showed thai, unexpectadly, Alitame degraded at a much quicker rate in sciutions
of sugar alcohols and glycerol than soiutions nat containing any alditols, and that glycerol and iow molecular
weight sugar alcohols seemed to particularly cause Alitame degredation.

Examples 1-18

Comparative Exampie 1 and Exampies 2-16 were performad 1o see the affect of coating Alitams and
then adding the resultant product to a chewing gum formulation. Various coalings and modes of appiication
of coating material wers performed in Examples 2 through 15. All of the exampies used the following
formulae based on the total weight of the gum.

%
Base 255
Lecilhin 0.2
Sorbifo! 46,4
Mannitol 8.0
Lycasin 6.8
Giyceral 8.6
Peppermint Flavor 1.46
Active Alitame 0.04

7
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All of the exampies were generally prepared by providing the individual ingredients, combining them,
and preparing them into pieces for festing. The gum base was melied and added to a running mixer. Then
the lecithin and sorbiio! were added in the first three minutes of mixing. The mannitol, iycasin, glyceroi, and
coated Alitame were added within the next two to three minutes. The flavor was added fast at minute eight.
The entire mixing procedure lasted thirteen minutes. The composition was then discharged from the mixer
and formed into pellets. The following encapsulated Alitame samples were prepared and used in the above
qum lormulation:

Example 1 - Alitame powder was added directly io the gum.

Example 2 - A 10% aqusous solution of Alitame was sprayed onto a precipitated silica o absorb the
swoetensr. The mixiure was dned and scresned through 600um (30-meshisieve 1o remove lumps. The
finai product was 168% Alitame, 80.4% silica geid, and 1.6% moisiure.

Example 3 - A 93% stearic acid mixture was prepared by melting stearic acid and biending it with 7% of
the product of Example 2. This mixure was spray chiiled 1o yield a product containing 1.3% Alitame,
5.7% silica gel, and 93% stearic acid.

Example 4 - A 20% stearic acid’80% Aiitame powder mixture was obtained by aggiomerating Alitame
and moiten stearic acid, and cooling and grinding the resulting product.

Example 5 - A 20% paraffin wax {M.P.=57 - C{135 - F1}/80% Alitame powder mixture was obtained by
aggiomerating Alitame and moiten wax, and cogiing and grinding the resuiting product.

Example 5 - A 20% microcrystalline wax (M.P.=82<C{180-°F)})}80% Alitame powder mixture was
obtained by aggilomerating Alitame and molten wax, and cocling and grinding the resuiting product.
Exarmnple 7 - A 97% stearic acid/3% Alifame mixture was spray chilled tagether to give a final product
containing 3% Alifame.

Example 8 - A 15% HPMUC/B5% active Alitlame powder mixiure was obiained by aggiomaerating an HPMC
and Alitame mixiure biended fogether, with water being added, and the resuiting praduct was dried and
ground. A final product containing 81% Alitams, 15% HPMC, and 4% moisture was obtained.

Example 9 - Alitame was agglomerated with HPMC in a ratio of 85/15 sweetener/HFMC. Aiter drying and
grinding, the resuiing powder was aggiomerated with a 15% solids. high pH, aqueous solution of Zein.
After drying and grinding a final product containing 77% Alitame. 14% HFPMG, 6% Zsin, and 3%
moisiure was obtained.

Example 10 - Altame was fiim dried with gelatn by dissoling 300 Bloom gelatin in a 10% agueous
solution of Alitame at a ratio of 30/70 gelatin/Aliteme. The mixture was spread to a thin fim on trays and
dried at 43°C(110°F) The resuiting praduct was ground and contained 18% Alitame, 75% gelaiin, and
7% moisture.

Example 11 - Alitame was film dried with gelatin as in Exampie 10. Aiter grinding, the resuiting powder
was agglomerated with a 15% solids, high pH, agueous solution of Zein. After drying and grinding, a final
product containing 16% Alitame, 88% gelatin, 8% Zein, and 8% moisture was obtained.

Example 12 - Powdsred Alitame and powdered PVAC wars blended ftogether in a ratio of 10/80
Alitame/PVAc. The blend was added to a fiber spinning extruder whersin the softened PVAC entrapped
the swaetener. This method i fully described in pending U.S. Patent Application Serial No. 07/340,384,
incorporated herein by reference.

Example 13 - A 30% soivtion of 10 parts maltodaxtrin and 1 part Alitame was spray dried resulting in a
product that had 8% active Alitame.

Example 14 - A biend of 100/1 mannitoi/Alitame was agglomerated together with water, dried and
ground.

Example 15 - A 30% solids soiution of alcohalic sheilac was usad to fluid bed coat the product of
Example 14. The final product was aboui 20% shellac, 78.2% manniiol, and had an active Alifame level
at 0.8%.

Example 16 - A 20% soiids sofution of alcohodic Zein was used 1o fluid bed coat the product of Example
14. The resulting sampia was scraaned info various particle sizes. Selscted samplss wers analyzed for
active Alitame and used in the abave gum formulation.

Three such samples were:

a) Remaining on a 425um {40-mesh)- active Aldame 0.73%
b} thraugh 4251m (40-mesh), remaining on a 250um (BO-mesh}-active Alitame was 0.81%
c) through 150um {200-meshj}, remaining on a 75um {200-mesh}-active Alitame was 0.95%.

After the coated Alitame of Examples 1-16 were added to the gum formuiation, each gum formulation
was formed into pellets and placed in six sealed pouches and stored at 258 * G {85 F). Immediaiely a pouch
was removed and analyzed for the psrcentage of Alitame. Thereafter, a pouch was analyzed for the
percentage of Alitame remaining at the end of cach of the following weeks: 1, 2, 4, 6 and 8 weeks. Resulis
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Altame degradation.

TABLE 11
Exsmple Encspsulant Conting
12 Fiber Spun with PYAc 90x PVAc
8 Agplomeration with HPMC 15% HFMC
9 Applomeraticon with HFPMC 16X HFMC
and sgglomeration with Tein éX Zein
léa Agplomaration with Mannitcl Y0x Mannjtel

and fluid bad costed with 27x Zein
Zein (reamaining on 40
mash)

153

Percant Alitame
Remaining After
8 Heeks at]s® °
9c
100

100

92

100
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TABLE II CONT'D

Fearcent Alitame
Remaining After

Example Encspsulent Costing & Heeks .t!h.'u'F? 2
c
1éb Agpplomaration with Mannitel 82% Mannitel 92

and fluid bed conted with 17% Zain
Zain through 40-mesh,
remaining on &0-mesh)

l&c Agglomeration with Mannitol 95% Mannitoel 47
and fluid bed coatad with X Zein :
Zein, (through 100-mesh,
remaining en 200-mash

10 Film dried with with T5% Gelatin 2l
Gelatin

11 Film dried with Gelatin 628x Gelatin L1
and agglomeration with Zein 8x Zein

4 Applomeraticon with Stearic 20X Stearic 53
Acid Acid

é Appiomaration with micere- 20% wax [ ¥4

crystalline Hax

5 Agolemeration with Paraffin 20X wax 34
Wax .

7 Spray Chilled with Stesriec 97X atsarie 16
Acid Acid

2 Absorption on Silica Gal B0.4X milica 3%

Gl;

3 Absorption on S5ilice Gel 5.7% milica Gel 28

and mpray chill with 95X stearjc scid

stenric scid

15 Agglomeration with Mannitel &5x Mannitaol 33
snd fluid bed comted 34X Shellac
with Shellasc

14 Agplomaration with Mannitol 94x Mannitel 34

13 Spray dried with 92% walto- 25
maltodextrin dextrin

| None {Control) Nens 32

Rasults in Tabie H show that the good film formers like HPMC, gelatin, Zein, and PVAc give good
protection to yisld significantly improved Alitame stahility compared o a control. As can be seen from the
results, materials like maltodextrin used in spray drying, mannitoi used in agglomeration and silica gal used
for absorption of the Alitame offer very Iifttie protection.

10
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As demeonstrated in Examplies 16a, 16b and 16¢, 2 minimum amaunt of Zein coating is required to give
adequate protection for Alitame. This level is about 15%. A similar coating level would be expecied for
shellac and gelatin. In example 15, evidently insufficient Shellac was coated onio the Alitame/Mannitcl
sample biends {(Example 14) to provide significant protection of the Alitame.

The use of waxes or stearic acid do not show a significant improvement in Alitame stability in either
aggiomerating or spray chiiing. it is speculated that the waxes and stearic acid may have a negative effect
on the stabiiity of Altame.

Claims

1. A chewing gum composition comprising, in infimate admixture,
a) o 10 95% of a qum base;
b} 10 to 90% of a buiking agent;
¢; 0.1 to 10% of a flavouring agsnt; and
d} coated Aiitame wherein at least one of the said gum base ingredients. bullking zgents, or
fiavauring agents is also an Alitame degradation agent and wherein the Alitame is sufficiently coated
to siow Alitame degradation due to the degradation agent so that at least 60% of an original amount
of Alitame in the chewing gum remaing after 8 weeks of starage at 29°C (85°F), excepting that the
coated Afitame ig not biended with Acesuifame K prior to coating and the coated Alilame is not
coated with zain.

2. The chewing gum composilion of ciaim 1 whersin the Alitame comprises from 0.005 to 0.10% of the
total gum compositian.

3. The chewing gum composition of claim 1 or claim 2 wherein the chewihg gum i€ a sugariess chewing
gum.

4. The chewing gum camposition of any one of claims 1 ta 3 wherein the bulking ageni comprises a
sugar alcoho} selected from: sorbifol, mannifol, xylitol, mailifol, hydrogenaied starch hydrolysaies and
mixtures therecf.

5. The chewing gum of any one of claims 1 to 4 wherein the Alitame is coated by a material seiected
from acrylic nolymears, carboxyvinyi polymers, polyamides, polystyrense, nolyvinyl acetete, polyvinyl
acetate phtalate, polyvinylpyrolidone and copolymers thereof.

6. The chewing gum composition of any oné of claims 1 to 4 wherein the Aditame is coated by a material
selected from agar alginates. quar gum, gum tragacanth, carragesnan, and xanthan gurm.

7. The chewing gum compcsition of any one of claims 1 to 4 wherein the Aiitame is coated by a material
which comprises a cellulose derivative selecied fram ethy! celiulose, methyi celiulose, sodium hydrox-
ymethy! celiuiose, hydroxypropylmethyl cetiulose and modified starches.

8. The chewing gum compaosition of any one of claims 1 to 4 wherein the Alitamé & coated by a material
selected from of sheHac, and gelatin.

9. A method of making a chewing gum with Alitame comprising the steps of:
a) providing from 5 {o 85% gum base, 10 to 90% of a bulking agent, and 0.1 fo 10% of a flavoring
agent, at least one of said bulking and fiavoring agents aisa being an Alitame degradation agent;
b} coating a quantity of Alitame with a coating material which slows Alitame dsgradation due to the
Alitame degradation agant 30 thet af least 60% of an ariginal quantify of Afitame lormulated in the
gum remains aller 8 weeks of siorage al 29° C (85°F), excepling thal the coaled Alilame is not
blended with Acesulfame K prior to coating and the coated Alitame is not coated with zsin, and
¢} inlimately mixing the coated Alitame, the gum base, tulking agent and Havoring agent to make a
chewing gum compasition.

10. The method of claim 8 wharein the quantity of Alitame added to the cother ingredients is between 0.005
to 0.10% of the total gum compositian.

1!
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11. The method of claim 9 ar claim 10 whersin the chewing gum is a sugarless chewing gum.

12. The method of any one of claims 9 to 11 whersin the bulking agent further comprises a sugar alcohot
selected from sorbitol, mannitel, xvlitod, maliitol, hydrogenated starch hydrolysates and mixtures
thereof.

13. The methad of any one of ciaims 9 fo 12 wherein the coating matertal is seiected from acrylic
poiymers, carboxyviryl polymers, polyamides, polystyreme, polyviny! acetats. polyvinyl acetate
phtalate, polyvinyipyrclidone and copolyrers thereof.

14. The methad of any one of claims 9 t0 12 wharein the coating material is selected from agar alginates,
guar gum, gum iragacanth, carrageenan, and xanthan gum.

15. The method of any ane of claims 9 to 12 wherein the coating material comprises a celiulose derivative
selected from ethy! celiuiose, methyl celiuiose, sodium hydroxymethyi celiuiose, hydroxypropyimethyi
celiuiose and modified starches.

16. The method of any one of claims 9 to 12 wherein the coating material is selected from shellac, and
gelatin.

17. The method of any one of claims 9 to 16 wherein the step of coating the Afitame comprisas:

a) mixing a guantity of Alitame with an encapsuiating material; and
b) agglomerating the encapsulated Alitame.

18. The method of any one of claims 9 10 16 wherein the step of coating the Alilame comprises:

a) mixing a guantity of Alitame with a spray crying soivent and an encapsulating rmateriai; and
b} spray drying the mixture in such a way as to encapsulate the Alitame.

19. The method of any one of claims 9 to 16 wherein the siep of coafing the Alitame comprises fluid bed
coating a quantity of Alitame with an encapsutating material dissolved or dispersed in a soivent.

20. A method of making a chewing gum with Alitarne camprising the steps of:

aj providing from & to 95% gum base, 10 to 909 of a bulking agsnt, and 0.1 to 10% of a favoring
agenl, al least one of said bulking and flavoring agents aizo being an Alitame degradation agent;

by aggiomerating Alitame with an agent which slows Alitame degradation so that at |east 60% of an
original quantity of Alitame formuiated in the gum remains aiter B wecks of storage at 28°C {@5°F),
oxcopting that the Alifame is not blsnded with Acesuifame K prior to aggiomeration and the
aggiomerated Alitame is nat coated with zein; and

¢) intimately mixing the coated Alitame, the gum base, bulking agent and Havouring agent {0 make a
chewing gum composition.

21. A method of making a chewing gum with Alitarme comprising the steps of:

&) providing from 5 o 95% gum base, 10 10 90% of a bulking agent, and 0.1 10 10% of a flavouring
agent, at least one of said bulking and flavouring agents aiso being an Alitame degradation agent;

bj absorbing Alitamme in an agent which slows Alitame degradaticn so that at least 60% of an original
quantity of Alitame farmuiated in the gum remains after 8 weeks of storage of 29°C (35¢F),
excepting that the Alitame is not biended with Acesulfame K prior 1o being absorbed in an agent and
the absarked Alitame is not coated with zein; and

c) intimately mixing the coated Alitams, the gum bass, bulking agent and Havouring agant to make a
chewing gum compasition.

Patentanspriiche

1.

Eine Kaugummizusammensstzung, die in inniger Mischung umfasst,
a) 5 bis 95% siner Kaugummibasis;
b} 10 bis 90% eines Fllimittels;
cj 0.1 bis 10% sines Gsschmacksstoffes; und

12
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d) beschichtetes Alitam, wobei wenigstens eines von den Kaugummiinhaltssioften, Flllimitiein oder
Geschmacksstoffen auch ein Ajitamabbaumitts} ist, und wobei das Alitam ausreichend beschichtet
ist, um den Alitamabbau aufgrund des Abbaumiftels so zu veriangsamen, dal wenigstens 60% einer
urspriinglichen Menge an Alitam in dem Kaugummi nach 8 Wochen der Lagerung bei 20<C (85°F}
zuriickbleibt, mit der Ausnahme. da das beschichtete Alitam vor der Beschichiung nicht mit
Acesulfam K gemischt wird, und das beschichtete Alitam nicht mit Zein beschichiet wird.

Die Kaugummizusammeansetzung nach Anspruch 1, wobet das Alitam 0,005 bis 0,10% der gesamten
Kaugummizusammensetzung umfasst.

Die Kaugummizusammensetzuong nach Anspruch 1 oder Anspruch 2, wobei das Kaugummi gin
zuckerfieies Kaugummi ist.

Die Kaugummizusammensetzung nach einem der Anspriiche 1 bis 3, wobei das Flilmittel eingn
Zuckeralkoho!, ausgewdhlt aus Sorbitol, Mannitol, Xylitol, Maltitol, hydrierten Siédrkekydrolysaten und
Mischungen davon, umfassi.

Das Kaugummi nach einem der Anspriiche i bis 4, wobei das Alitarn mit einemn Maferial beschichtet
wird, das aus Acryipolymeren, Carboxyvinylpolymeren, Polyamiden, Polystyrol, Polyvinylacetat, Poiyvi-
nvlacetatphthaiat Polyvinylpyrrolidon,

Dis Kaugummizusammensstzung nach sinem der Anspriiche 1 bis 4, wobei das Alitam mit sinem
Material beschichtet wird, das aus Agaralgenater, Guargummi, Tragacanthqummi, Garragesna und
Xanthangummi ausgewihii wird.

Die Kaugummizusammensetzung nach einem der Anspriiche 1 bis 4, wobei das Alitam mit einem
Material beschichiet wird, das ein Cellulosederiverat umifaflt, das aus Ethylceliuiose, Methyicellulose,
Natriumhydroxymethylceliulose, Hydroxypropylmethylceliuiose und modifizierter Stirke ausgewéhit
wird.

Die Kaugummizusammensetzung nach einem der Anspriiche 1 bis 4, wobei das Alitamn mit einem
Material beschichtet wird, das aus Schellack und Gelatine ausgewihit wird.

Ein Yerfahren zur Herstellung eines Kaugummis, das Alitam enthdit, das umfaBt die Schritie von:
a} Bereitstellen von & bis 95% Kaugummibasis, 10 bis 90% sines Flifimittels und 0.1 bis 10% aines
Geschmackstoffes, wobet wenigsiens cines dicser Fll- und Geschmacksmitte! auch cin Abbaumittel
flr Aditam ist;
b} Beschichten einer Menge von Alitam mit sinem Beschichtungsmaterial, das den Alitamabbau aut
Grund des Alitamabbaumitiels so veriangsami, daB wenigstens 60% einer urspriinglichen in das
Gummi gegebenen Mange an A#itam nach 8 Wechen der Lagerung bei 28° C {85 °F} zurlickbleibt,
mit dar Ausnahme, dal das beschichlete Alitam wvor dem Beschichien nicht mit Acesuifam K
gemischt wird, und daB das beschichiete Alitam richt mit Zein baschichiet wird, und
¢) inniges Mischen des beschichteten Alitams, der Kaugummibasis, des FUlimittele und des
Geschmacksstoffes, um sine Kaugummizusammensetzung herzustellen.

Das Verfahren nach Anspruch 9, wobei die Menge an Alitam, das zu den anderen Inhaltsstofien
zugegeben wird, zwischen 0,005 bis 0,10% dsr gesamten Kaugummizusammensetzung betrdgt.

Das Verfahren nach Anspruch 9 cder 10, wobei das Kaugummi sin zucksrirsiss Kaugummi ist.

Das Verfahren nach einem der Anspriche 9 bis 11, wobei das Filinilfel einen Zuckeralkohol,
ausgewdhlt aus Sorbitol, Mannitol, Xylitol, Mafiifc!, hydrierten Stdrkehydrolysaten und Mischungen
davon, umfasst.

Das Verfahren nach einsm der Anspriiche 9 bis 12, wobei das Alitars mit einem Maierial beschichtet

wird, das aus Acrylpelymeran, Carboxyvinylpolymeren, Poiyamiden, Polystyrol, Polyvinylacefat, Polyvi-
nylacetatphthalat Polyvinylpyrrolidon, und Gopolymeren davon ausgewdhit wird.
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Das Verfahren nach einem der Anspriiche 9 bis 12, wobet das Beschichtungsmaierial aus Agaralgina-
ten. Guargummi, Tragacanthgummi, Carrageena und Xanthangummi ausgewahit wird.

Das Verfahren nach einem der Anspriiche & bis 12, wobei das Beschichtungsmaterial ein Celiulosederi-
verat umfaBt, das aus Ethyiceliulose, Methylcelulose, Natriumhydroxymethyicelluiose, Hydroxypropyi-
methylceliulose und madifizierten Stirken ausgewEhit wird.

Das Verfahran nach einem der Anspriiche 9 bis 12, wobei das Beschichtungsmaterial aus Schellack
und Gelatine ausgewihit wird.

Das Verfahren nach zinem der Anspriiche 3 - 16, wobei der Schrift zum Beschichien von Alitam
umifaBt:

a) Mischen einer Menge von Alitarm mit einem verkapseinder Material;

by Agglameneren des verkapselten Alitams.

Das Verfahren nach einem der Ansprliche 9 - 16, wobei der Baschichtungssehritt von Alitam umfasst:
aj Mischen esinar Menge von Ajitam mit einem LS8sungsmittel zum Sprlihtrocknen und sinem
verkapselnden Material; und
by Spriihtrocknen der Mischung aut sciche Weise, um das Alitam zu vetkapseln.

Das Verfahren nach einem der Anspriiche 9 - 18, wobei der Schritt zum Beschichten des Alitams das
Fliissigbettheschichten siner Menge von Alitam mit sinem verkapseinden Material umfafit, das in einem
L&sungsmitiel aufgeldst oder dispergiert ist.

Ein Verfahren zur Herstellung eines Kaugummis, das Alitamn enthélt, das umfaBt die Schritte von:
a) Bereitstelien von 5 bis 95% Kaugummibasis, 10 bis 90% eines Fililmittels und 0,1 bis 10% sines
Geschrmacksioffes, wobet wenigstens eines dieser FUll- und Geschmacksmittel auch ein Abbaumittel
{lr Aliteam ist
by Aggilomerieren esiner Menge von Altam mi einem Mitiel, das den Alitamabbau seo verlangsamnt,
daB wenigstens 60% einer urspringlichen in das Gummi gegebener Menge an Alitam nach 8
Wochen der Lagerung bei 28°C (85°F) zurlickbleibi, mit der Ausnahre, dal das Alitam vor dem
Agglomerieren nicht mit Acesulfam K gemischi wird, und daB das aggiomerierte Alitam nicht mit
Zein beschichist wird, und
c) inniges Mischen des beschichisien Alitams, der Kaogummibasis, des Flllmiitels und des
Geschmackssioffes, um eine Kaugummizusammensstzung herzustsiien.

Ein Varfahren zur Herste#tung eines Kaugummis, das Alitam anthiit, das umfaBt dis Schritts von:
a) Bersitstefien von 5 bis 85% Kaugummibasis, 10 bis 90% eines Flilmittels und 0,1 bis 10% eines
Geschmacksioties, wobei wenigstens eines dieser Flil- und Geschmacksmittel auch ein Abbaumitted
flr Alitam ist;
by Absorbieren einer Menge von Alfam in ein Mitel, das den Alitamabbau so veriangsamt, daB
wenigstens 60% einer urspringlichen in das Gummi gegebenen Menge an Alitamm nach B Wochen
der Lagerung bei 29°C (B5°F) zuslickibletb:, mit der Ausnahme, dalB das Aiitam, bevor es in &in
Mittel akbsorbiert wird, nicht mit Acesulfam K gemischt wird, und daB das absarbierte Alitam nicht mit
Zein beschichtet wird, und
c) inmiges Mischen des beschichieten Alifams, der Kaugummibasis, des Fllimiltels und des
Geschmacksstoffes, um eine Kaugummizusammaensetzung herzustsilen.

Revendications

1.

Composttion de gomme & macher comprenanl un mélange intime de :

a) 5 & 95 % de base de gommes ;

by 10 & 90 % d'agent de charge ;

c) 0,1 & 10 % d'agent aromatisant ; ot

dj de lralitame enrobé ;
dans laquelle au moins un desdits ingrédients base de gomme, agent de charge ou agent aromatisant
est aussi un agent de décomposilion de {'afitame, et dans laguelle I"alitame est suffisamment ensobé
pour ralentir sa décomposition qui est due & Fagent de décompcesition, de sorte qurau moeins 60 % de
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la quantité originelle d'alitame de la gomme 3 macher subsistent aprés 8 semaines de sfockage 2
29°G {85°F), sauf que I'alitame enrobé n'est pas mélangé avec de I'acésulfame K avant I'enrobage et
qu'il n'est pas enrobé avec de la zSine.

Composition de gomme & micher selon la revendication 1, dans laquslie "alitame constitue de 0,005 a
0,10 % de la composition fotale de la gormme.

Composition d2 gomme & machet selon la revendication 1 ou 2, dans iaquelle la gomme & micher est
une gomme 2 macher sans sucre.

Composition de gomme & macher sefon | ung guelcongue des revendications précédentes, dans
laquelfle I'agent de charge comprend un akcool de sucre choisi dans l'ensemble constitud par ie
sorbitol, le mannitol, le xylitol, e maltitol, des hydrolysats hydrogénés d'amidon, et des mélanges de
Ceux-Ci.

Composition de gomme & méacher selan T'une guelcongue des revendications précédentes, dans
laquelie l'alitame est enrobé avec un maigiiau chaisi dans Pensembie constitud par ies polyméres
acryliques, ies polymeres carboxyvinyligues, les polyamides, ie polystyréne, I'acétate de polyvinyle,
acéiophtalate de polyvinyle, la polyvinylpyrrolidene, et dss copolyméres de ceux-ci.

Compesition de gomme 4 mdcher selon Tune qualconque des revendications 1 A 4, dans laguefie
'afitame est snrobé avec un matédau choisi dans I'ensemble constitué par des alginates d'agar, ia
gomme de guar, la gomme adraganthe, un carraghénans et la gomme de xanthana.

Composition de gomme a macher sslon Fune quelconque des revendications 1 a 4, dans laguelie
Palitame est enrobé avec un matériau qui comprend un Jdérivé cellulosique choist dans 'ensembia
constitug par Iéthylceliviose, ia méthylcellulose, Mhydroxyméthylceilulose sodique, Uhydroxypropylma-
thylceliulose st des amidons modifiés.

Composition de gomme & macher ssion Yune quelcongue des revendications 1 & 4, dans laguske
alitame est enrobé avec un matiériau choisi dans I'ensembie constitué par Je shellac et 1a gélatine.

Procédé de préparaticn diune gomme & mdacher contenant de {'alitame, comprenani les étepes
consistant & :
a) fournir de 5 & 95 % de base de gomme, 10 4 90 % dagent da charge et 0,1 & 10 % d'agent
aromatisant, au moins 'agent de charge ou P'agent aromatisant étant aussi un agent dc décomposi-
tion de i'alitame ;
b} enrocber une quantité d'alitame avec un matdriau d’enrcbage qui ralentit ia décomposition de
Falitame, qui est due & Fagent de décomposition de lalitame, de sorte qu'au moins 60 % de fa
quantitd originetle d'alitame qui est contenus dans la gomme subsistent aprés B semaines de
stockage & 29°C {85 F}, sauf que 'alitame enrobé n'est pas malangé avec de Macésulfame K avant
'enrobage et qu' m'est pas enrobé avec de la zéine ; et
¢} malanger intimement "aiitame enrobé, ia bage de gomme, I'agent de charge et I'agent aromati-
sani, pour obtenir une composition de gomme 3 micher.

Procédé selon la rovendication 9, ol fa quantité d'alitame ajouté aux autres ingrédients vaut entre 0,005
et 0,10 % de ia composition fotale de la gomme.

Procédé ssion ia revendication 9 ou 10, ol Ja gormme 2 micher est une gomme & miAcher sans sucre.
Procédé selon I'une quelconque des revendicalions 8 & 11, ol Fagent de charge comprend, en oulre,
un aicoo! de sucre cheisi dans Fensembie constitué par le sorbitol, le mannitol, Ie xylitcl, le maititcl, des
hydrolysats hydrogénéds d'amidon, et des méianges de ceux-ci.

Procédé selon I'une quelconque des revendications @ & 12, ol le matériau d'enrobage est choisi dans
I'ensembile consiitué par les polyméres acryliques, les polyméres carboxyvinyliques, les polyamides, le

polystyréne, Pacétate de polyvinyle, l'acétaphtaiate de paiyvinyle, la polyvinylpyrrofidone, st des
copolyméres de ceux-ci.
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Procédé selon Fune quelcongue des revendications 9 a 12, all le matériau d'enrobage est chaisi dans
I'ensembie constitué par des alginates d'agar, la gomme de guar. la gomme adraganthe, un carraghé-
nane et la gomme de xanihane.

Procédé selon une queicongue des revendications 9 & 12, ol e matériau d'enrobage comprend un
dérivé cefluiosique choisi dans f'ensemble consiitug par I'éthyiceliuicse, la méthylcellulose, I'hydroxy-
mé&thylceliulose sodigue, Thydroxypropyiméthylceliulose et des amidons modiiss.

Procédé selon f'une quelconque des revendications 9 & 12, oll ie matériau d'snrobage est choisi dans
Fensembie constitug par le shellac of ja gélatine.

Procgdé selon f'une quelconque des revendications 9 & 16, ol {'étape d'enrobage de {'ajitame
comprend :

a) le métange d'une quantit® dalitame avec un matériau d'encapsulation ; et

b) I'agglomération de {'alitame encapsuig.

Procédé selon fune quelcongue des revendications 9 & 16, ol I'étape d'enrobage de {'afitame
comprend :
a) le mélange d'une guaniit® d'alitame avec un soivant de sichage par pulvérisation st un matdriat
d'encapsuiation ; et
by le séchags par pubvénisation du mélange de manidre A encapsuler 'alitamea.

Procédé selon f'une quelconque des revendications 9 2 16, ofl I'étape d'enrobage de l'alitame
comprend I'enrobage en lit fluidisé dune quantié d'alitame avec un matériau d’encapsufation dissous
ou dispersé dans un solvant.

Procédé de préparation d une gomme & micher contenant de falitame, comprenart les éfapss
consistant & :
a) fournir de 5 4 95 % de base de gommse, 10 3 90 % d'agent de charge et 0.1 & 10 % d'agent
aromatisent, au moins ledit agent de charge ou ladit agent aromatisant étant aussi un agent de
décomposition de Falitame ;
by aggiomérer Iakame avec un agent qui ralentit la décomposition de Palitame, ds sorie qu'au
meins 60 % de la quantité arigineile d'alitame qui est contenue dans ia gomme subsistent aprés 8
semaines de stockage a 29°GC (85° F), sauf que I'afifarme n'est pas mélangé avec de Facésulfame K
avant i'agglomération et qus I"aliteme aggiomeéré n'est pas enrobs avec de la zéine ; et
<) mélanger intimemont "alitame onrobé, fa bass do gomme, "agent de charge et fagent aromati-
sant, pour obienir une composition de gommes 4 macher.

Procédé de préparation d'une gomme & micher contenant de Palitame, comprenant les étapes
consistant & :
a) fournir de 5 2 95 % de base de gormme, 10 2 80 % d'agent de charge et 0.1 & 10 % d'agent
aromatisant, av moins ledit agent de charge ou iedit agent aromatisant tant aussi un agent de
décompasition de Falitame ;
by faire absorber i‘ziitame dans un agent qui ralentit la décomposition de P'alitame, de sorte gu'au
moins 60 % de la quantité originelle d'alitame qui est contenue dans iz gomme subsistant apras 8
semaines de stockage & 29°C (85 *F), sauf que alifame n'est pas mélangé avec de acésulfame K
avant d'tre absorbé dans ledit agent st que I'alitams absorbé n'est pas enrobé avec de ia zéins ; et
c) mélanger ntimement {"alitame enrobé, ia bass de gomme, I'agent de charge st Iagent arcmati-
sant, pour obienir une composition de gomme A4 macher.
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(57} Theinvention relates to a moisture and oxygen
stable spray-dned camposition comprising at least one
active compeound encapsulated in a carbohydrate ma-
trix, which matrix is characterised by

- 40 to 80 wt.% high molecuiar weight film forming
carbohydrate;
- 10 to 30 wi.”% mono, di and trisaccharides; and

Stable, spray-dried compaosition in a carbohydrate substrate and process for obtaining said

- 10 to 30 wi. % maltadextrin,

based on the total weight of the carbohydrate mairix.
The active compaound to be encapsulated in the carbo-
hydrate matrix can he selected from the group consist-
ing of flavourants, fragrances, phammaceuticals and
wash-active companenis.
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Description

[0001] Theinvention relates o a moisture and oxygen
stable spray-dried composition comprising at least one
active compound like a moisture or oxygen sensitive fia-
vourant, a fragrance or another type of 2 moisture or
oxygen sensitive compound e.g. a phamagceutical. Fur-
ther, the invention relates to a process for fixing volatile
flavourants, fragrances or other volatile and moisture or
oxygen sensilive compounds in an amorphous matrix.

[0002] With regard to the field of flavours it is noted
that for instance efforts have been made to give the con-
sumer a fresher tasting reconstitutabie beverage mix by
using certain natural, natura identical or artificial volatile
compounds for improving the consumer's tasie percep-
tion. Uniike liquid sysiems which usually retain flavour-
ants without adverse stability problems, dry comestible
beverage mixes are often lacking in flavour or have off-
flavours due to poor storage stability. A fresh tasting, re-
constituted beverage would increase the consumer's
perception of freshness which is of paramount impor-
tance.

[0003] Such compounds as coffee aroma, esters,
acetaidehyde, various essential oiis and sulphur com-
pounds, augment or enhance the taste perception of
convenience foods. Dry comestible mix systems
present special probiems when one ftries to introduce
volatife or aromatic flavourants therein. For example,
such matenals escape through and from the mix, or re-
act so as o degrade or oxidize inio compounds which
are recognized o be less desirabie. Therefore, there
has been a long-standing need io fix by encapsulation,
and prevent the escape of volatiles within a "powdered-
mix" comestibie and prevent oxidation thereof. Moreo-
ver, the pracess forfixing a volatile mustproduce a prod-
uctwhich is easilyreconstitutable and is capable of hoid-
ing the fix over prolonged periods and under adverse
storage conditions.

[0004] A major problem inherent in fixing aromatics in
food allowed substrates is the fact that those fixation
subsirales display idiosyncratic fixation characieristics.
The subsiraie media rmay be sensitive to moisiure, react
with the entrained volaiile or produce flavour ofl-noies.
Carbohydrates as a class offer a food-acceptable sub-
strate in which volatiles and aromatics have been fixed.
However, most water-solukie carbohydrate substrates
are hygroscopic and will notreliably hotd the fix for long
periods. In view of the foregoing, there is a recognized
need for an amorphous meisture-siable, water-soluble,
food-approved subsirate to encapsulate aromatic or vai-
atile flavourants.

[0005] Where flavours, such as essential cils, are not
protecied by an antioxidant, even further probiems of
off-flavour development are encountered due o oxida-
fion caused by the inability of the carbohydrate matrix
ta protect the flavour from oxygen.

[0008] EP 0,550,087 B1 relates to a method for en-
capsuiating oils such as fragrance and flavouring cils in

i)

15

25

45

&5

a water-sensitive cellular solid matrix, comprising drying
an aqueous emulsion containing (a} the cil to be encap-
sulated, {b) a non-crosslinked lipephilically meodified
starch that undergoes crossiinking under the drying con-
ditions and {c} a polyhydroxy campound that forms with
the polysaccharide material a coninuous aqueous
phase in which the o# is dispersible as a discontinuous
phase. The oit {a) which typicaliy contains a convention-
al antioxidant like butylated hydroxy toluene is typicaily
encapsulated in the dried carbohydrate matrix in an
amountfrom 5{o BO%:, preferably atleast 65% by weight
of the oit and matrix combination. The modified starch
{b) is in principie an ungelatinised starch acid ester of a
substituted dicarboxylic acid, and the polyhydroxy com-
pound {c) are polyaicohols fike glycerol, mannitol eic.,
and sugars including mono. di and trisaccharndes like
glucose, fructose, mallose, sucrose, and raffinose.
[0007] US 5,102,682 Arelates to adry flavoured pow-
dered food mix comprising at least 20% crystalline su-
crose, atleast 10% crystalline fructose, 1-8% crystaliine
food acid, flavour and anti-caking agent, wherein all
companents are present in a free, unbound siate and
wherein the crystalline fructose compound coniains tess
than 10% by weight of particles smalter than 150 um.
As indicated in said US 5,102,682 the fructose and su-
craose content of the food mix can range from 10-60%
and 20-80% respectively, and the combined weight of
fruciose and sucrose will usually be at least 40%. and
for soft drink mixes such as fruit-flavoured beverage
mixes will typically be at least 90%. usually about 95%
or more of the mix.

[0008] The Havours suitabie for use in the food mix
can be spray-dned flavours fixed in a carbohydrate ma-
trix consisting of either makiodextrin or a combination of
maltodextrin and a modified starch. Accerding te said
US 5,102,682 iypical spray-dried flavours conlain
30-60% modified food starch and 30-60% maitodextrin
and ftavourant.

[0009] EP 0,426,428 B1 relates to a delivery system
for flavours and sweeteners and to a process for its
preparation, which system has use in a variety of prod-
ucts including comestibles such as chewing gum, food
productis etc. More in particuiar EP 0,426,428 B1 reiates
to a process for producing a flavour delivery system pre-
pared from a spray-dried emuision of

{a) from 0.1 to 40 wt.% of a flavour ail,

{b} from 0.5 to 30 wt.% of a sweetener and

{c} from 30 to 80 wi.% of a film-forming polymer
coating component, all amounts are based on the
total weight of the delivery sysiem.

[0010] Suitable sweeteners fo be encapsuiated in the
delivery system include natural and artifictai high inten-
sity sweeteners selected from amino acid-based sweet-
eners, dipepitide sweeteners, glycyrrhizin, saccharin
and its salls, acesulfame salts, cyclamates, steviosides,
talin, sucralose, dihydrochakcone campounds and mix-

162

|IFF000658408



3 EP 1 106 081 A1 4

tures thereof. However, according to EP 0,426,428 B1
itis also possible to use sweeteners in additian to those
that are already inciuded in the delivery system. Such
additional sweeteners may be selecied from e.g. su-
crose, glucose, dextrose, invert sugar, fructose etc.
[6011] Further, US 5,124,162 A is directed o a mois-
ture and oxygen stable spray-dried fixed flavour com-
prising a flavourant encapsulated in a carbohydrate ma-
trix consisting of 22 to 50%, preferably 22 1o 45% mono
and disaccharnides, wherein at ieast 50% of the mono
and disaccharides is maltose. 25 to 60%, preferably 25
to 50% maltodextrin. and 10 to 40%, preferably 10 {o
35% high molecular weight fiim forming carbohydrate.
[0012] With regard to the field of perfumes and per-
fumed products it is referred to WO 94419449 indicating
the deinmental impact of high humidity conditions on
products based on a water sensitive matrix e.g. a starch
mairix and a fragrance or a wash-active component en-
capsuiated therein. This type of encapsulates may be
added to a numker of articles (o be perfumed including
laundry powder, soap and machine dishwash powder.
Apparently the problem encountered in WC 54/18449
is solved by a composition comprising {a) a substance
encapsulated within a water-sensitive matrix so as to be
releasable upon contact with water or agueous solu-
tions, mixed with {b} particles of inorganic carnier mate-
rial carrying a poorly water-soluble oil, such that the
composition is stable at high relative humidity. Exam-
ples of substances encapsutated in the water-sensitive
matrix are a perfume, flavour, a cosmetic ingredient or
organometallic complexes e.g. a bleaching ageni,
bleach activator or hieach catalyst.

[06013] Summarizing the prior art it is noted that the
most familiar reference is considered US 5,124,162 A.
Therein, it is stated that a moisture and oxygen stable
spray-dried composition can be ohlained if -next to the
other two componenis of the carbohydrate mairix- at
least 50% of the mono and disaccharide component is
maltose. Further, it is indicated in US 5,124,162 A {cal-
umn 4, lines 19-23} that certain film forming carbohy-
draies like gum arahic and waxy starches present
"leaky” subssirates, which will not retain entrapped vola-
tile flavourants.

[6014] Surprisingly, ithas now been found thatin spite
of the above-mentioned preiudice stated in the maost fa-
miliar reference US 5,124,162 A, a moisture and oxygen
stable spray-dried compaosition could he oblained by us-
ing a carbohydrate matrix comprising a rather high
amount of 40 {o B0 wi.% high molecutarweight film form-
ing carbohydrate in combination with 10 to 30 wt. % mo-
no, di and trisaccharides and 10 to 30 wt.% maltodextrin,
based on the iotal weight of the carbohydrate matnix.
[06015] Therefore, the invention relaies to a moisiure
and oxygen stable spray-dried composition comprising
at least one active compound encapsulated in a carbo-
hydrate matrix which matrix is characterized by

- 40 to B0 wi.% high molecular weight fiim forming
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carbohydrate;
- 10 to 30 wt.% mono, di and trisaccharides; and
- 10 1o 30 wi.% maitodexinn

based on the total weight of the carbohydrate matrix.
[0016] More in particular the carbohydrate matrix in-
cludes from 45 to 70 wi.%, preferably from 50 to 60 wt.
% high motlecular weight film forming carbohydrate.
Suitable film forming carbohydrates are fiim forming
gumes, peclins, alginates, mucilages and mixiures there-
of. Praferably the film forming carbohydrates are select-
ed from gum arabic, gum acacia. tragacanth, karaya,
ghatti, agar, alginates, carrageenans, fucetian, psyllium
and mixtures thereof or from gelatin, dextran, xanthan,
curdlan, cellulose, methylceliulose, ethylceliviose, hy-
droxyethylceliulose, hydroxypropy! cellulose, hydroxy-
propyt methyicellulose, carboxymethyt cellulose, low
methoxy pectin, propylene glycol alginate and mixiures
thereaf.

[0017] Most preferably the fiim forming agents are fiim
forming gums, hydrocolioids and lipophilically modified
starches. Examples of gums are gum arabic and gum
acacia. Examples of suitably chemically modified
starches are Capsut® and N-Lok {Naticnal Starch). Of
course, also mixtures of film forming carbohydrates can
be used in the spray-dried compositions according o
the invention.

[0018] Another component of the carbohydrate matrix
according to the invention are the monao, di and trisac-
charides, which are used in an amount of 10 to 30 wt.
%, preferably 15-25 wi%, based on the total weight of
the carbohydrate matnx. Nusirative examples of mono,
di and insacchandes are glucose, fructose, maltose, su-
crose, raffinose and materials, having a high content of
such sugars like fruit juice solids. Preferably, at least 50
wt.% of the mono, di and trisaccharide material is a dis-
accharide as a high amount of monosaccharide may re-
sult in a somewhat slicky product whereas a high
amount of trisaccharide may lead to a product more
prone o oxidation. in a preferred embadiment according
to the invention the mono, di and trisaccharide material
is sucrose.

[0019] The carbohydrate matrix according fo the in-
vention further includes 10 to 30 wi %, preferably 10 to
25 wt.% mattodextrin. The maltodextrin will preferably
have a dextrose equivalent {DE} in the range of 1 ip 25,
most preferably in the range of 10 to 20. A variety of
maltodextrins meeting the above requirements are
readily availabie commercially, inciuding maiicdexirins
from e.g. tapioca, maize and potato..

[0020] The carbohydrate matrix may be softened by
the incorperation of up to b wi. % of an edible polyal such
as glycerol, preferably 1 to 3 wi.%, based on the carbo-
hydrate matrix. Also other components like anti-foam
agents in an amount of up ta .2 %. may be added.
[0021] The aciive compound to be encapsuiated in
the carbohydrate matrix can be selecied from the group
consisting of flavourants, fragrances, pharmaceuticals
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and wash-active components.

[0022] Flavourants are wel-known in the art and are
mentioned, e.g., in S. Arctander, Perfume and Fiavar
Materials of Natural Origin {Elisabeth, N.J., USA. 1996},
in T.E. Furia et al, CRC Fenarali's Handbook of Fiavar
Ingredients, 2nd Ed. {Cleveland, CRC Pressinc., 1975},
andin H.B. Heath, Saurce Bock of Flavors (The Avi Pub-
lishing Company Inc.. Wesltport, Connecticut, 1981},
[0023] Fragrances and mixiures thereof which can be
used for the preparation of perfumed arlicles are e.g.
naturally occurring products such as essential cils, ab-
soluies, resinaids, resins, concreles eic., natural, nature
identical and artificiai fragrances, such as hydracar-
bons, alcohols, aldehydes, ketones, ethers, acids, es-
ters, acetals, ketals, nitriles etc., covering saturated and
unsaturated compounds, aliphatic, carbocyclic and het-
erocyclic compounds, for instance as disclosed in 5.
Arctander {loc.cit.}.

[0024] Examples of fragrances which may be used
within the scope of the invention are: geraniol, geranyi
acetate, linalool, linaly! acelale, tetrahydrolinaiool, cii-
roneftol, citronellyl acetale, dihydro myrcenol, dinydro
myrcenyl acetate, tetrahydro myrcenof, terpinecl, terpi-
nyl acetate, nopol, nopyl acetate, 2-phenyiethanai,
2-phenyiethyl acelate, benzyi alcohuol, benzyl acetate,
benzy! salicylale, styrallyl acetate, benzyl benzoate,
amyi saticylate, dimethylbenzyi carhinoi, trichiorometh-
viphenyicarbinyl ageiate, p-teri. bulyicyciohexyl ace-
tate, isonony! acetate, vetiveryl acetate, vetiverol, o-
hexyl-cinnamaldehyde, 2-methyi-3-{p-terl.butylphe-
nyl)-propanal, 2-methyl-3-{p-Hisopropyl phenyl}-pro-
panat, 3-(p-tert.butylphenyll-propanai, tricyclodeceny!
aceiate, ftricyclodecenyl propionata, 4-{4-hydroxy-
4-methylpeniyi)-3-cyclohexene carbaidehyde, 4-(4-me-
thyl-3-pentenyl}-3-cyciohexene carbaldehyde, 4-ace-
toxy-3-pentyl-tetrahydropyran, 3-carboxymethyi-
2-pentyl-cyclopentane. 2-n-heptylcyclopentianone,
3-methyl-2-pentyl-2-cyclopentanone, n-decanal, n-do-
decanal, dec-9-en-1-0if, phenoxy-ethyl isobyutyrata.
phenylacetaldehyde dimethylacetal, phenylacetaide-
hyde diethylacetal, geranyl nitrite, citronellyl nitrile, ce-
dryt acetate, 3-isocamphy! cyciochexanol, cedryimethyi
ether. isolongifolanone, aukbepine nitrile, aubepine, he-
liotropine, coumarin, eugeno!, vaniliin, diphenyl oxide,
hydroxy citronelial, ionones, methyl ionones, isomethyt
ionanes, irones, cis-3-hexeno! and esiers thereof, indan
mush fragrances, tetralin musk fragrances, isochroman
musk frangrances, macrocyclic ketones, macrolacione
musk fragrances, ethylene brassylate, aromatic nutri-
musk frangrances.

[0025] The fragrance comprising spray-dried prod-
ucts according to the inveniion may be used success-
fully in perfumed articles. Examples of such perfumed
arlicles are: soap, bath products, washing agenis, dish
washing and cleaning agents, pommanders, candies.
cosmetics such as creams, nintments, body deodorant
sticks and antiperspirant sticks.

[0026] Also pharmaceuticals and wash-active com-
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ponenis which are prone to humidity ar axygen can be
used as active compound tobe encapsulated in the car-
bohydrate matrix according to the invention.

[0027] A major application of the invention is related
to the field of Ravours. In this respect it is noted that the
finat spray-dried product according fo the invention is
capabie of pratecting and retaining 5 to 40 wt.% areven
more, preferably 20 o 30 wt.% flavourant as active cam-
pound, depending con the type of flavourant and based
on the tofal weight of the flavour. Examples of flavour-
anls, in parlicular aromatic or volatite flavourants, to be
encapsulated in the carbohydrate matnx according io
the invention are for instance essentiial oils, like citrus
oil, e.g. lemon oil, orange oil, grapefruit oil and other vol-
atile fiavouranis, like bakery and savoury Havouranis.
Also other types of active compounds as indicated
above can be encapsulated in the carbohydrate mairix
according to the inwention in an amount of 5-40 wt.% or
more, preferably 20-30 wt.%, based an the iotal weight
of the composition.

[0028] A further aspect of the inventicn is embodied
by a process for producing the moisture and oxygensta-
ble composition, compnising the steps of

a} forming an aqueous carbohydrate soluticn con-
taining a carbohydrate mixiure consisting of 40 o
80 wi.% high molecular weight im forming carbo-
hydrate{s}, 10 to 30 wt.% mono, di and trisaccharide
{s}, and 10 to 30 wt.% maltodextirin(s).

b} ingorporating at least one active compound de-
fined above inio the solution of step (a}, and

<} spray-drying the aqueous solution of stap (b} us-
ing an outiet temperature of 100°C

or tess o obtain a stable product encapsulated therein
the active compound. In general, the procedure of
spray-drying involves the following. At first a solution of
the product one wishes to make is prepared. The ferm
solution is understood to mean mixtures of solutes and
solvents encompassing such mixtures as emulsions or
dispersions. The solution is fed into an atomizer which
creaies a fine mist, composed of reguiar-sized droplets.
The misted solution is introduced, usually through the
top of a drying tower or chamber into the spraydryer.
Heated airis fed into the chamber so that as the droplets
fall from the top of the chamber evaporation and drying
of the aqueous liquid phase respectfully occurs. The
product is collected from an outlet porl. Examples of
spray-drying apparatus are the Anhydro Dryers (manu-
factured by Anhydro Corp. of Attlebaro Falis, Mass. U.
S.A.) or the Niro Dryer {manufaciured by Niro Atomizer
Ltd, Copenhagen, Denmari;}.

[0028] More in particular the combination of carbohy-
draie maierials is dissolved in water to form an aqueous
solution with the temperature being mainiained at
around 10°C o 20°C. In the case of a highly volatile sub-
stance the solution is allowed to cool fo about the boiling
point of the substance or helow. The active compaund,
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forinstance a volatile or aromatic flavourantis then add-
ed o the solution, the solution being preferably main-
tained at from 10°C to 50*C. The scluiion is then spray-
dried in an aimospheric spraydryer wherein the iniet
temperature is typically about 140°C o 210°C and the
outiet temperature typically 70°C to 100°C. The resuit-
ant moisture-stable product has an excellent retention
of volatiles aver ime and a prolonged shelf fife without
unacceptable oxidaiton. No antioxidant is added or
made part of the finat product.

[0030] Theinvenlionis etucidated by means of the fol-
lowing exampies and the sicrage properties of the
spray-dried products are illustrated by means of the Fig-
ures 1 and 2.

Fig. 1 illusirates the accelerated shelf life {est of

B aproductaccording o the prior art based on 25
wi.% orange flavourant {QL 08830 marksted by
Quest International, the Netherlands} and 75
wi.% of a carbohydrate maftrix consisting of 50
wt.% Capsul® and 50 wt.% maltodextrin {DE
20), and

# a product according o the invention based on
25 wi.% orange flavourant (QL 06830) and 75
wt.% of a carbohydrate matrix consisting of 50
wt.% Capsul®, 23 wi.% maltodextrin {DE 20},
25 wit.% sucrose and Z wt.% glyceral.

More in particutar the X-axis represents the
ime in weeks, and the Y-axis represents the
amount of carvone in wt.%, formed from the
spray-dried producis due io oxidation of the
limonene component of the used orange fla-
vourant during the accelerated shelf fife test at
40°C and at a relative humidity (RH} of 30%.

Fig. 2 illustrates the accelerated shelf life test of

MW the product according to the prior art shown in
Fig. 1, and

+ a product accerding fo the invention based on
25 wi.% orange flavourant {QL 08830) and 75
wt.% of a carbohydrate mairix consisting of 60
wi.% gum acacia, 20 wi.% maliodexirin {DE 10}
and 20 wi.% sucrose.

More in particutar the X-axis represents the
ime in weeks, and the Y-axis represenis the
amount of carvone in wt.%, formed from the
spray-dried products due o oxidation of the
limonene camponent of the used orange fla-
vourant during the acceierated shelf ife test at
40"C and at a relative humidity (RH} of 50%.

Exampie 1

[0031] The foilowing bwo formulations were prepared

20

44

45

by dissolving or dispersing the components indicated
below

{a} 500 g of a carbohydrate mainx comprising 50
wt.% {250 g) Capsul® and 50 wt.% (250 g) maite-
dextrin {DE 20) being a carbohydrate matrix used
far marketed products; and

{b} 500 g of a carbohydrate mairix consisting of 50
wt.% (250 g) Capsui®, 23 wt.% {115 g) maitodexirin
{DE 20}, 25 wt.% {125 g} sucrose and 2 wt.% {10
g} giycerol being a carbohydrate matrix according
to the invention

under stirring in 600 g warm water of 80°C for 30 min-
uies. Then the mixture was cooled to 20°C. An orange
flavourant {QL 06830} without any anlioxidani preserv-
ative was added in an amount of 25 wi.% on iotal dry
solids {166 g} under stirring and the prepared feed was
homogenised using a Ultra Turrax T50 at 10,000 mm
for about 3 minutes. The homogenised feed was spray-
dned in a NIRO MOBIL MINCR SPRAY DRYER using
a rotary wheetl atomiser at 20,000 rpm. Inlet air temper-
ature was kept at 190°C, resulting in an outlet temper-
ature in the range of 90°C.

[0032] Asapparent from Fig. 1, the product according
to the invention had an excelient stability and a desired
long slorage life compared to the prior art product. More
in particular the storage time of & weeks in the acceler-
ated sheiflife test at 40°C and a RH of 30% carresponds
to a storage time of about one year at room iemperature
(20°C) and a RH of 30%.

Example 2

[0033] The foliowing two formulations were prepared
by dissolving or dispersing the components indicated
below

{a} 500 g of a carbohydrate mairix consisting of 50
wi.% {250 g) Capsul® and 50 wt.%% (250 g) maltc-
dexirin {DE 20) being a carbohydrate matrix used
for marketed products; and

{b} 316 g of a carbohydrate mairix consisting of 60
wi.% {190 g) gum acacia, 20 wt.% {63 g} maliodex-
trin {DE 10)and 20 wt.% (63 g} sucrose being a car-
bohydrate matrix according fo the invention

under stirring in 600 g warm water of G0°C for 30 min-
utes. Then the mixture was caoled to 20°C. An orange
flavourant {QL 08830} without any antioxidant preserv-
ative was added in an amount of 25 wi.% on fotal dry
solids {166 g for formuiation {a}and 105 g for formulation
(b))} under stirring and the prepared feed was homoge-
nised using a Ultra Turrax T50 at 10,000 rpm for about
3 minutes. The homogenised feed was spray-dried in a
NIRO MOBIL MINOR SPRAY DRYER using a rotary
wheel atomiser at 20,000 rpm. Inlet air temperature was
kept at 180°C, resulling in an outlet temperature in the
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range of 90°C.

[0034] Asapparentirom Fig. 2, the praduct according
to the invention had an exceitent stahility and a desired
long storage Bfe compared teo the prior art product. More
in particular the storage time of B weeks in the acceler-
ated sheiflife test at 40°C and a RH of 50% corresponds
to a storage time of about one year at room temperature
{20°C)and a2 RH of 50%.

Claims

1. A moisture and oxygen stable spray-dried compo-
sition comprising at least one active compound en-
capsulated in a carbohydrate matrix, which matrix
is characierised by

- 40 to 80 wt.% high molecular weight film form-
ing carbohydrate;

- 10 to 30 wt.% mono, di and itrisaccharides; and

- 10 to 30 wi.% maliodexirin

based on the total weight of the carbohydrate ma-
trix.

2. The spray-dried composition according to claim 1,
characterised in thal the fiim forming carbohydrate
is present in an amount of 45 to 70 wi.%, preferably
50-60 wt.% based on the total weight of the carbo-
hydrate mairix.

3. The spray-dried composition according fo claim 1
or 2, characterised in that the film forming carbohy-
drate is selected from the group consisting of gum
arabic, gum acacia, lipcphilically modified starches
and mixtures thereof.

4. The spray-dried composition according fo any of
claims 1-3. characterised in that the mono, di and
trisaccharides are present in an amount of 15-25
wi.% based on the total weight of the carbohydrate
mairix.

5. The spray-dried composition according lo any of
claims 1-4, characierised in that at least 50 wt.% of
the mong, di and insaccharide materiat is a disac-
charide.

6. The spray-dried composition according to claim 3,
characterised in that the disaccharide is sucrose.

7. The spray-driad composiion according o ¢laims 5
or 6, charactensed in that 100 wi.% of the mono, di
and trisaccharnde matenal is sucrose.

8. The spray-dried camposition according to any of
claims 1-7, characterised in that the maliodextrin
has a dexirose equivateni {DE} in the range of 1 to

9.
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25, preferably 10 0 20.

The spray-dried compaosition according to any of
claims 1-8, characterised in that the active compo-
nent encapsulated in the carbohydrate matrix is se-
lected from the group consisting of flavourants, fra-
grances, pharmaceuticals and wash-active compo-
nents.

. The spray-dried composition according to any of

claims 1-9, characterised in thai the encapsulated
active compound is at least one flavourant selecied
from the group consisting of essential oiis, like citrus
oil, e.q. femon oil, orange oil, grapefru# oil, bakery
flavourants and savoury flavourants.

The spray-dried composition according to any of
claims 1-10, characierised in that the encapsulated
active compound is present in an amount of 5-40
wt.%, preferably 20-30 wi.%, based on the total
weight of the compasition.

A process far producing a meisture and aoxygen sta-
ble composttion comprising the steps of

{a) forming an aqueous carbohydrate soluion
containing a carbohydrate mixiure consisting of
40 to 80 wt.% high molecular weight fitm form-
ing carbohydrate(s}, 10to 30 wi.% mono, diand
frisaccharide(s), and 10 to 30 wt.% maltodex-
frin{s}y;

{b} incorporating at least one aclive compound
into the solution of step (a}; and

{c) spray-drying the aqueaus solution of siep
{b) using an outiet air temperature of 100°C or
iess, to obtain a stable product encapsulated
therein the aclive compound.

The process according fo claim 12, characterised
in that the active compound is selected from the
group congisting of flavourants, fragrances, phar-
maceuticals and wash-aclive companents,

Products comprising the spray-dried composition
according to any of claims 1-11 ar prepared by the
process according o claim 12 or 13.
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{57) Abstract

Chewing gums containing gum talha and methods of making such gums are disclosed. In one embediment, the gum comprises about
5 % to about 95 % gum base, about 0.1 % to about 10 % flavoring agent and gum talha, the gum talha being part of the bulking agent in
the gum. The gum tatha provides the gum with unique properties, and the gum is nen-cariogenic. In another embodiments, the gam talha
is codricd with sweeteners or coevaporated with a plasticizing syrup to produce unique sweetening ingredients and syrups for gum. The
gum talha may also be provided in the form of a rolling compound on the gum, or used with sugars or polyols to form a hard coaring for

a coated pellet gum,

169

IFFC00662120




SEEEEEEZL:

CA

2

CcG
CH
CI

CM

DE
DK
EE
ES

FR
GA

FOR THE PURPOSES OF INFORMATION ONLY

Codes used to identify States party to the PCT on the front pages of pamphlets publishing international
applications under the PCT.

Armenia
Austria
Australia
Barbados
Belgium
Burkine Faso
Bulgaria

Benin

Brazil

Belarus

Canada

Ceniral African Republic
Congo
Swihzerland
Chite d'Tvoire
Cameroon
China
Crechoripvakin
Ctech Republic
Gemany
Denmark
Estonia

Spain

Finland

France

Gabon

United Kingdom
Georgia
Guinea
Greece
Hungary
Ireland
Italy
Japan
Kenyn
Kyrgystan
Ix

& People's Rep i

of Korea
Republic of Konea
Kazakhstan
Liechtenstcin

Sri Lanka

Liberia

Lithumnia
Luxembourg
Lalvia

Monaco

Republic of Moklova
Madagascar

Mali

Mongaolia
Mauritania

Malawi

Mexico

Niger

Netherlends
Norway

New Zealand
Poland

Partugal

Romanla

Russjan Hederation
Sudan

Sweden

Singapore
Slovenia

Slovakia

Senegal

Swaziland

Chad

Togo

Tajikistan
Trinidad and ‘Tobago
Ukraine

Uganda

United States aof America
Uzbekisten

Viet Nam

170

IFF000662121



10

15

20

25

30

WO 97/33485 PCTUSI6D3508

CHEWING GUM CONTAINING GUM TALHR

BACKGR. F_THE INVENTTIO

The pregent invention relates to improved
compositions of chewing gum. More particularly, the
inventicon relates to improving chewing gum by the use
of specific bulking agents in sugar and non-sugar
chewing gum products tao give improved texture, moisture
absorption properties, and improved shelf life
properties. The improved chewing gum compositions may
also be used in a variety of chewing qum products such
as confecticonery coated chewing gum products.

In recent years, efforts have been devoted to
replace sugar and sugar syrups normally found in
chewing gum with other carbohydrates and non-
carbohydrates. Non-sugar or sugar-free chewing gum,
which is growing in popularity, uses sugar alcohols cr
polyols teo replace sugar and sugar syrups. The most
popular peclyols are sorbitol, mannitol and xylitol.

New polyols are being developed using new technoclogy to
replace these polyols. New polyols have various unique
properties which can improve the taste, texture and
shelf life properties of chewing gum for consumers.

The non-sugar polyols have the advantage of
not contributing to dental carieg of consumers, as well
as peing able to be consumed by diabetics. However,
all polyols have the disadvantage of causing gastro-
intestinal disturbances if consumed in too great of a

quantity. Therefore it would be a great advantage to

171

IFFO00662122



10

15

20

25

30

35

WO 97/33485 PCT/US96/03508

be able to use a carbohydrate or carbohydrate-like food
ingredient for chewing gum that would act as a bulking
agent, but not contribute to dental caries nor cause
gastro-intestinal disturbances.

One such bulking agent is called gum talha, a
natural gum derived from species of plants from the
Acacia genus. Gum arabic is a another common natural
gum derived from a different species of plants within
the Acacjia genus. Gum talha is approved for use in
foed products, including chewing gum, in the U.S. and
other countries. Although a carbohydrate, gum talha is
a natural gum that does not contribute to dental
caries, nor does it cause gastro-intestinal
disturbances. Thus, this ingredient’s use in chewing
gum could be a definite improvement.

The use of liquid and powder gum arabic in
chewing gum was disclosed in U.S. Patent No. 3,352,689.
It was also disclosed in a non-sweet chewing gum in
U.S. Patent No. 5,084,298. BAs a chewing gum binder,
gum arabic was disclosed in U.S. Patent No. 4,271,197
with hydrogenated starch hydrolyzates, in PCT Patent
Publication No. W095/08928 with erythritol, and
Japanese Patent Publication No. 80-9177 with sorbitol,
mannitol, and stevioside. Japanese Patent Publication
No. B7-146562 disclosed using qum arabic to make a rice
cake-like gum.

The use ¢of gum arabic¢ has been disclosed in
various chewing gum or confecticnery coating or panning
applicationa. U.S. Patent No. 3,576,663 discloses the
uge of gum arabic combined with a sucrose coating.

U.S. Patent No. 4,317,838, South Africa Patent
Publication No. 87-2848, Great Britain Patent
Publication No. 2,115,672, and European Patent
Publication No. 0 625 311, disclcse gum arabic combined
with various polyocls to make sugarless coatings. In

U.s. Patent No. 5,135,761 discloses applying gum arabic
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after an emulsifier subcoating. Also, sugarless
coatings containing calcium chloride with qum arabic
are disclosed in U.S5. Patent Nos. 4,681,766 and
4,786,511,

Gum arabic has been used in a wide variety of

encapsulation applications. It is commonly used to
emulsify and spray dry flavor compositions. European
Patent Publication No. 0 545 632 discloses a spray
dried flavor composition and European Patent

Publication No. 0 455 598 discloses a microencapsulated

flavor coated with gum arabic, and gluteraldehyde.
U.S. Patent No. 4,576,737 discloses gum arabic
encapsulation of volatile liquids. U.S. Patent No.
5,124,162 discloses a citrus oil in maltose and
maltcdextrin coated with gum arabic. Great Britain
Patent Publication No. 1,472,787 discloses a flavor on
a gum arabic carrier. Great Britain Patent No.
1,572,536 and PCT Patent Publication No. W095/17104
disclose gum arabic as an encapsulating agent for
agpartame. French Patent Publication No. 2,476,985
discloses vitamin C encapsulated with gum arabic.

SUMMARY QF THE INVENTION

The present invention is a method of
producing chewing gum with gum talha, as well as the
chewing gum so produced. The bulking agent may be
added to sucrose-type gum formulations, replacing a
small or large quantity of sucrose. The formulation
may be a low- or high- moisture formulation containing
low or high amounts of moisture-containing syrup. The
bulking agent, gqum talha, may also be used in low- or
non-sugar gum formulations replacing scorbitol,
mannitol, other polyols, or carbohydrates. Non-sugar
formulations may include low- or high-moisture, sugar-

free chewing gums.
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The bulking agent, gum talha, may be combined
with other bulking agents for use in chewing gum,
including but not limited to sucrose, dextrose,
fructose, maltose, maltedextrin, xylose, as well as
sugar alcohols including but not limited to sorbitol,
mannitol, xylitol, maltitel, lactitol, palatinit and
hydrogenated starch hydrolyzates such as Lycasin. The
bulking agent, gum talha, may be combined in the gum
formulation or co-dried or blended with the other bulk
sweeteners prior to use in the gum formulation. Co-
drying may be done by various methods of spray drying,
fluid bed coating, coacervation, and other granulating
or agglomerating techniques. The bulking agent, gqum
talha, may also be combined with high potency
sweeteners including, but not limited to, thaumatin,
aspartame, acegulfame XK, sodium saccharin,
glycyrrhizin, alitame, cyclamate, stevioside and
dihydrochalcones.

This material, when used as a bulking agent,
gives chewing gum an improved texture, an improved
shelf life and unique flavor/ sweetness quality. Even
thocugh gum talha is a carbohydrate, it is not
carlogenic, nor does it cause gastro-intestinal
disturbances, giving a highly consumer-acceptable
chewing gum product.

DETAILED DESCRTIPTION COF THE PREF EMBODIMENT
Acacia gums, also gometimes referred to as
gum arabic, are defined in the pharmacopeias as "the
air-hardened gummy exudates flowing naturally or
ob%ained by incision of the trunk and branches of
Acacia senegal and other species of African origin."
Though there are many Acacia species (some 700), few
are able to provide the amounts of gum required for
industrial preduction. Generally, acacia gums are
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grown, harvested, and exported by Senegal, Mali,
Nigeria, Chad and the Sudan.

Most definitions imply that the main
component for acacia gum or gum arabic is from Acacia
senegal, which undoubtedly is the most available gum in
the commercial producing countries. The next mest
available gum is from Acacia seyal. This gum is from
another species from the genus Acacgia and is called gum
talha.

Gum talha from Acacia geval has a slightly
different composition compared to gum arabic from gum
sepnegal. Some differences are noted below:

Gum Arabic Gum Talha
Optical rotation 26 - 3a4- 51°
Nitrogen, % 0.27 - 0.39% 0.14%
Equivalent weight ~ 1100 1470
Glucurcnic acid, % 12 - 28% 6.5%

Also, differences in component sSugar in the structure
of the different gums can be seen in the levels of
D-Galactose, L-Arabinose, L-Rhammose, D-Glucuronic
acid, and 4-0 methyl glucuronic acid.

Because of the differences in gum arabic and
gum talha, these gums may function differently when
used in various products. Gum talha has less nitrogen,
which means it has less protein than gum arabic, and as
& result may not have the same emulsifying properties,
adhesive properties, or film forming properties as gum
arabic. Even though it has a slightly highly equiva-
lent weight, its viscosity is low and can affect its
handling and physical characteristics when used in
products.

To compensate for some of the differences in
physical properties of gum arabic and gum talha, it may
be possible to add protein or starches to a gum talha
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sclution to improve its emulsifying and adhesiwve
properties. Gum arabic and gqum talha contain both AGP
{(arabincgalactan-prectein complex) and GP {glycoprotein)
but gum talha, having a lower level of protein, has
lower amounts of these materials. By increasing the
protein level in a gum talha solution, more emulsifying
or adhesive properties may result. Typical proteins
include gelatin} casein, soy, wheat gluten and zein.

Previous patents have digcussed the use of
acacia gum in chewing gum that may generally refer to
the use of gum arabic. Also acacia gums used in
coatings of gum pellets may also refer to the gum
arabic materials commonly used with sugar or xylitol
gum coatings. On the other hand, gum talha from Acacia
seyal has not been previously disclosed in chewing gqum
formulations or in pellet gum coatings.

Gum talka from Acacia geyal and gum arabic
from Acacja penegal are available from ISC {(Importers

Service Corporation), 233 Suydom Ave., Jersey City, NJ.
Both gums are available in crude, grahular, powder, and
spray dried forms. All forms of gum talha are included
when referring to gum talha herein, including a syrup
form produced when gum talha is dissolved in water.

Gum talha may be added to chewing gum in its
powder form or may be dissolved in water. Its solubil-
ity in water is about 40% at room temperature, but
increases with increased temperature. Gum talha may be
used in chewing gum as a texture and flavor modifier,
bulking agent, and may improve texture, flavor, and
shelf life properties. Gum talha may replace solids
like sucrose, dextrose or lactose when used in its
powder form, or may replace syrups when used in its
ligquid or syrup form. At levels of about 0.5% to about
25%, gum talha may replace part of the sclids in sugar
gum or, as a liquid, all or part of the syrup in sugar
gum. At higher levels of about 25% to about 70% of the

176

IFFO00662127



10

15

20

25

30

35

WO 97/33485 PCT/US96/03508

gum formulation, gum talha may replace all of the
g80lids in a chewing gum formulation.

Unique chewing gum formulations can be
obtained when all bulk sweeteners are replaced with gum
talha powder and syrup. The low sweetness intensity
allows for use of unique flavor combinations. High
intensity sweeteners may be added to increase sweetness
to obtain a sweetnegs more typical of chewing gum
formulations. The relatively lower solubility of gum
talha compared to sucrose could modify the chew texture
and shelf life properties significantly. Chewing gum
formulations with gum talha may contain a very low
amount of moisture in the gum formulation, i.e., below
about 2%, or may contain a medium amount of moisture,
about 2-5%, and may even be a soft gum formulation
containing 5% moisture or more.

Gum talha's unigque antil-caries properties
suggest it may be used in chewing gum formulations
containing non-sugar ingredients. Non-sugar ingredi-
ents are alditols such as sorbitol, manniteol, xylitol,
lactiteol, palatinit (Isomalt), maltitol and
hydrogenated starch hydrolyzates. These alditols are
used in a variety of combinations to develop unique
gugarless chewing gum formulations. Gum talha may be
used teo replace the individual alditols or combinationsg
of alditols. With partial replacement of cne cor more
alditols, gum talha can be used at levels of about 0.5-
25%. If gum talha replaces a large amount or most of
the alditols, this level may be about 25% to about 90%
of the gqum formulation.

' Scme sugar-free chewing gum formulations
contain high levels of glycerin and are very low in
moisture, i.e., less than about 2%. Gum talha solids
or syrup may replace part or all of the glycerin used
in these types of formulations. At higher moisture
levels (more than 2%) in sugar-free gum, a liguid
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sorbitel (70% sorbitel, 30% water) is used. Gum talha
solide or gum talha syrup may replace part or all of
the sorbitol liquid. New sugar-free syrups like
hydrogenated starch hydrolyzates, such as Lycasin, may
alsc be replaced in part or totally by gum talha solids
or syrup. The same product advantages found with
hydrogenated starch hydrolyzates syrups, such as
improved product shelf life, improved texture and
improved aspartame stability, may also be found with
the use of gum talha sclids or syrup.

Recent advances use hydrogenated starch
hydrolyzates {HSH) and glycerin preblended and co-
evaporated to reduce moisture in some sugar-free gum
formulationse. Gum talha scolids and/or syrup may be
used to replace part or all of the HSH/glycerin blends
in chewing gum formulations. Agqueous gum talha solids
and/or gum talha syrup may also replace HSH in the
preblend with glycerin and be co-evaporated with
glycerin to obtain a low moisture, ncon-crystallizable
blend. Combinations of gum talha solids/syrup with
alditols like sorbitol, maltitol, xylitol, lactitol and
mannitol in agueous form may algo be blended with
glycerin and co-evaporated for use in low-moisture,
sugar-free gum.

In a gsimilar manner, gum talha solids/syrup
preblended in glycerin and co-evaporated may be used in
conventional sugar chewing gum formulations. Gum talha
may be combined with other sugars like dextrose,
sucrose, lactose, maltose, invert sugar, fructose and
corn syrup solids to form a liquid mix to be blended
with glycerin and co-evaporated. Gum talha solids/
syrup may also be mixed with syrup and blended with
glycerin and co-evaporated for use in a sugar chewing
gum formulation.

Gum talha bulking agent may alsc be co-dried

with a variety of sugars such as sucrose, dextrcse,
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lactose, fructose and corn syrup solids and used in a
sugar-containing gum formulation. Gum talha may be co-
dried with a wvariety of alditols such as scorbitol,
mannitol, xylitol, maltitol, palatinit and hydrogenated
starch hydrolyzates and used in a sugar-free gum
formulation. Co-drying refers to methods of co-
crystallization and co-precipitation of gum talha with
other sugars and alditols, as well as co-drying by
encapsulation, agglomeration and absorption with cther
sugars and alditols.

These techniques include, but are not limited
to, spray drying, spray chilling, fluid-bed coating and
coacervation. These encapsulation techniques that give
partial encapsulation or full encapsulation can be used
individually or in any combination in a single step
process or multiple step process. Generally, delayed
release of bulk sweetener is obtained in multistep
processes like spray drying the bulk sweetener and then
fluid-bed coating the resultant powder.

Like gum arabic, gum talha can be used alone
to encapsulate or partially encapsulate sugars and
polyols, high intensity sweetners, and natural and
synthetic flavors. High intensity sweetners such as
aspartame, alitame, acesulfame X, salts of acesulfame,
cyclamate and its salts, saccharin and its salts,
sucralese, thaumatin, monellin, dihydrochalcone,
stevioside, glycyrrhizin, and combinations thereof may
be encapsulated in gum talha. When added to chewing
gum, a fast release sweetener is obtained. Also, fast
release flavors may result when encapsulated in gum
tzlha.

The gum tzalha may be added to the liquid
inside a liguid center gum product. The center £ill of
a gum product may comprise one or more carbohydrate
syrups, glycerin, thickeners, flaveors, acidulants,
colors, sugars and sugar alcohols in conventicnal

179

IFFO00662130



10

15

20

25

30

35

WO 97733485 PCT/US96/03508

amounts. The ingredients are combined in a
conventional mamner. The bulking agent is dissolved in
the center-fill liquid and the amount of bulk sweetener
added to the center-£fill liquid may be about 0.1% to
about 20% by weight cof the entire chewing gum formula.
This method of using the bulking agent in chewing gum
can allow for a lower usage level of the bulking agent,
can give the bulking agent a smooth release rate, and
can reduce or eliminate any possible reaction of the
bulking agent with gum base, flavor components or other
components, yielding improved shelf stability.

Another methcd of using the gum talha bulking
agent is to add gum talha to the dusting compound of a
chewing gum. A rolling or dusting compcund is applied
to the surface of chewing gum as it is formed. This
rolling or dusting compound serves to reduce asticking
to machinery as it is formed, reduces sticking of the
product to machinery as it is wrapped, and sticking to
its wrapper after it is wrapped and being stored. The
rolling compound comprises gum talha alone or in
combination with mannitcl, sorbitol, sucrose, starch,
calcium carbonate, talc, other orally acceptahle
substances or a combination thereof. The rclling
compound constitutes from about 0.25% to about 10.0%,
but preferably about 1% to about 3% of weight of the
chewing gum composition. The amount of gum talha added
to the rolling compound is about 0.5% to 100% of the
rolling compound or about 0.005% to about 5% of the
chewing gum composition. This method of using gum
talha in the chewing gum can allow a lower ugage level
of the bulking agent.

Another method cof using the gum talha bulking
agent ig to use it in the coating/panning of a pellet
chewing gum. Pellet or ball gum is prepared as
conventional chewing gum, but formed into pellets that
are pillow shaped or into balls. The pellets/balls can
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be then sugar coated or panned by conventional panning
technigques to make a sugar-coated pellet gum. The
bulking agent is wvery stable and highly water soluble,
and can be easily added to a sugar solution prepared
for sugar panning.

Gum talha may be combined with sucrose,
dextrose, maltose, xylitol, lactitol, palatinit,
erythritol, maltitol and other new alditols in a
solution to make a sugar coated pellet gum cr a polyol
coated pellet gum. Gum talha can also be used alone in
solution in an initial gumming stage where agueous gum
talha is applied as a coating and then a powdered gum
talha is added to dry the sclution, as may be done in
gome types of "soft" panning procedures. Levels for
the use of gum talha in the coating may be about 0.5 to
about 20% in a sugar or polyol hard coating, or may be
about 5% to 100% ¢f dry solids in the solution or as
dry powder used in the soft panning process. This
process may then continue with other materials by
alternating liquid and powder applications. The amount
of gum talha applied may be abcocut 0.1% toc 20% of the
weight of the chewing gum product, where the coating
may be about 10% to 50% of the weight of the finished
pellet product.

Like gum arabic, gum talha has many
properties that make it an excellent coating and
panning modifier. A panning modifier can improve the
hardness of the coating to make it tougher, increase
stickiness of coating to improve adhesion to the gum
surface, egpecially edges, and gives additional film
gtrength to improve shelf life of the product by
protecting the gum core. Other panning modifiers which
may be used in combination with gum talha are gum
arabic, maltodextrin, corn syrup, corn syrup solids,

gelatin, cellulose type materials like carboxymethyl
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cellulose or hydroxymethyl cellulose, starch and
modified starches, vegetable gums like alginates,
locust bean gqum, guar gum, and gum tragacanth. Other
types of panning medifiers that reduce tack or act as
fillers may also be used, such as insoluble carbonates
like magnesium carbonate or calcium carbonate and talc.
These antitack agents allow the use of a variety of
carbohydrates and sugar alcohols to be used in the
development of newly panned and coated gum products.

Flavors and high intensity sweeteners may
also be added with the pellet coating to yield unique
product characteristica. When liquid or encapsulated
flavors are added to a coating, they can behawve like an
antitack agent. Use of gum talha can increase
tackiness and help cover the flavor and allow a
continuation of the sugar or polyol coating process.
Also gum talha with its emulsifying properties may help
bind the flavor in the coating. High intensity
sweeténers can also be entrapped and stabilized in the
coating with the use of gum talha. High intensity
sweeteners may be applied from the dissolved coating
sclution, or may be applied with the powder charge
addition. Sweeteners may be encapsulated and blended
with the powder charge to increase stability of the
high intensity sweetener.

In general, a chewing gum composition typic-
ally comprises a water-soluble bulk portion, a water-
insoluble chewable gum base portion and typically
water-insoluble flavoring agents. The water-scluble
portion dissipates with a portion of the flavoring
agent over a period of time during chewing. The gum
base portion is retained in the mouth throughout the
chew.

The insoluble gum base generally comprises
elastomere, resins, fats and oils, waxes, softeners and

inorganic fillers. Elastomers may include poly-
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iscbutylene, isobutylene-isoprene copolymer and styrene
butadiene rubber, as well as natural latexes such as
chicle. Resins include polyvinylacetate and terpene
reging. Fats and oils may also be included in the gum
base, including tallow, hydrogenated and partially
hydrogenated vegetable oils, and cocoa butter. Com-
monly employed waxes include paraffin, microcrystalline
and natural waxes such as beeswax and carnauba. Accord-
ing to the preferred embodiment of the present
invention, the insoluble gum base constitutes between
about 5 to about 95% by weight of the gum. More
preferably the inscluble gum base comprises between 10
and 50% by weight of the gum and most preferakly about
20 to about 35% by weight of the gum.

The gum base typically also includes a filler
component . The filler component may be calcium
carbonate, magnesium carbonate, talc, dicalcium
phosphate or the like. The filler may constitute
between about 5 and about 60% by weight of the gum
base. Preferably, the filler comprises about 5 to
about 50% by weight of the gum base.

Gum bases typically alsc contain softeners,
including glycerol monostearate and glycerol tri-
acetate. Further, gum bases may also contain optional
ingredients such as antioxidants, colors and emulsi-
fiers. The present invention contemplates employing
any commercially acceptable gum base.

The water-scluble portion of the chewing gum
may further comprise softeners, sweeteners, flavoring
agents and combinations thereof. Softeners are added
to the chewing gum in order to optimize the chewability
and mouth feel of the gum. Softeners, also known in
the art as plasticizers or plasticizing agents, gener-
ally constitute between about 0.5 to about 15.0% by
weight of the chewing gum. Softeners contemplated by

the present invention include glycerin, lecithin and
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combinations thereof. Further, aqueous sweetener
solutions such as those containing sorbitol, hydro-
genated starch hydrolysates, corn syrup and combina-
tions thereof may be used as softeners and binding
agents in gum. An agueous solution of gum talha can
also be used as a softener and binding agent in gqum.

As mentioned above, the gum talha bulking
agent of the present invention will most likely be used
in sugar gum formulations. However, sugar-free formula-
tions are also within the scope of the inventiom.

Sugar sweeteners generally include saccharide-
containing components commonly known in the chewing gum
art which comprise, but are not limited to, sucrose,
dextrose, maltose, dextrin, dried invert sugar,
fructose, levulose, galactose, corn syrup solids and
the like, alone or in any combination.

The gum talha bulking agent of the present
invention can also be used in combination with other
sugarlegs sweeteners. Generally sugarless sweeteners
include components with sweetening characteristies but
which are devoid of the commonly known sugars and
comprise, but are not limited to, sugar alcohols such
as sorbitol, mannitol, xylitol, hydrogenated starch
hydrolysates, maltitol and the like, alone or in any
combination.

Depending on the particular sweetness releasge
profile and shelf-stability needed, the gum talha
bulking agent of the present invention can also be used
in combination with coated or uncoated high-potency
sweeteners or with high-potency sweeteners coated with
ther materials and by other techniques.

A flavoring agent may be present in the
chewing gum in an amount within the range of from about
0.1 to about 10.0 weight percent and preferably from
about 0.5 to about 3.0 weight percent of the gum. The
flavoring agents may comprise essential oils, synthetic
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flavors, or mixture therecf including, but not limited
to, oils derived from plants and fruits such as citrus
0ils, fruit essences, peppermint oil, spearmint oil,
clove ©0il, o0il of wintergreen, anise, and the like.
Artificial flavoring components are also contemplated
for use in gums of the present invention. Those
skilled in the art will recognize that natural and
artificial flavoring agents may be combined in any
sensorally acceptable blend. All such flavors and
flavor blends are contemplated by the present in-
vention.

Optional ingrediente such as colors,
emulsifiers and pharmaceutical agents may be added to
the chewing gum,

In general, chewing gqum is manufactured by
sequentially adding the various chewing gum ingredients
to a commercially awvailable mixer known in the art.
After the ingredients have been thoroughly mixed, the
gum mass is discharged from the mixer and shaped into
the desired form such as by rolling into sheets and
cutting into sticks, extruding into chunks or casting
into pellets.

Generally, the ingredients are mixed by first
melting the gum base and adding it to the running-
mixer. The basge may also be melted in the mixer
itself. Color or emulsifiers may also be added at this
time. A softener such as glycerin may also be added at
this time, along with syrup and a portion of the bulk-
ing agent/sweetener. Further porticns of the bulking
agent/sweetener may then be added to the mixer. &
fiavoring agent is typically added with the final
portion of the bulking agent. A high-intensity
sweetener ig preferably added after the final porticn
of bulking agent and flavor have been added.

The entire mixing procedure typically takes

from five to fifteen minutes, but longer mixing times
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may sometimes be required. Those skilled in the art
will recognize that many variations of the above de-
scribed procedure may be followed.

After the chewing gum center has been
manufactured and shaped, as described above, the sugar
or polyol coatings can be applied. Pellet or ball gum
is prepared as conventional chewing gum, but formed
into pellets that are pillow-shaped or ball-shaped.
The pellets or balls can then be coated or panned by
conventional panning techniques to make a unigue,
coated pellet gum. The sugar or polyols used in the
coatings are very stable and highly water soluble, and
can be easily added to water to make a solution
prepared for panning. Sugars or polyols may be
combined with cther polyols or sugars, or used alone in
solution as the coating on pellet gum. Sugar or
polyols can also be added as a powder blended with
other powders often used in some types of conventional
panning procedures. Sugars or polyols can also be used
with panning modifiers and other panning materials to
improve product quality. Antitack agents may also be
added as panning modifiers, which allow the use of a
variety of carbohydrates and sugar alcoholes to be used
in the development of new panned or coated gum
products.

The coating is initially present as a liquid
syrup which contains from about 20 to about 80 or 85
weight percent of the coating ingredients previously
described herein, and from about 15 to 20 to about 70
weight percent of a solvent such as water. In general,
the hard coating process is carried out in a rotating
pan. Sugarless gum center fablets to be coated are
placed into the rotating pan to form a moving mass.

The material or syrup which will eventually
form the hard coating is applied or distributed over
the gum center tablets. Flavoring agents may be added
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before, during and after applying the syrup to the gum
centers. OCnce the coating has dried to form a hard
gurface, additional syrup additions can be made to
produce a plurality of coatings or multiple layers of
hard coating.

In the hard coating panning procedure, syrup
is added to the gum center tablets at a temperature
range of from about 100°F. to about 250°F. Preferably,
the syrup temperature is from about 150°F. to about
200°F. throughout the process in order to prevent the
polyol in the syrup from crystallizing. The syrup may
be mixed with, sprayed upon, poured over, or added to
the gum center tablets in any way known to those
skilled in the art.

Each component of the coating on the gum
center tablets may be applied in a single hard layer or
in a plurality of hard layers. 1In general, a plurality
of layers is obtained by applying single coats,
allowing the layers to dry, and then repeating the
process. The amount of solids added by each coating
step depends chiefly on the concentration of the
coating syrup. Any number of coats may be applied to
the gum center taklet. Preferably, no more than about
75 coats are applied to the gum center tablets. More
preferably, less than about &0 coats are applied and
most preferably, about 30 to about 60 coats are
applied. 1In any event, the present invention
contemplates applying an amount of syrup sufficient to
yield a hard coated chewing gum product containing
about 10 to about 65 weight percent coating.
Preferably, the final product will contain from about
20 to about 50 weight percent hard coating.

Those skilled in the art will recognize that
in order to obtain a plurality of hard coated layers, a
plurality of premeasured aliquots of coating syrup may
be applied to the gum center tablets. It is contem-
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plated, however, that the volume of aliguots of syrup
applied to the gum center tablets may vary throughout
the coating procedure.

The present invention contemplates that a
flavoring agent may be added to the syrup, or applied
to the gum center tablets while the syrup coating is
drying or after the coating has dried. Furthermore,
the flavoring agent may be applied anywhere within the
sequence of coats, for example, after the third,
twelfth, eighteenth, etc., coats.

Once a coating of syrup is applied to the gum
center tablets, the present invention contemplates
drying the wet syrup in an inert medium. A preferred
drying medium comprises air. Preferably, forced drying
air contacts the wet syrup coating in a temperature
range of from about B80° to about 115°F. More
preferably, the drying air is in the temperature range
of from about 90° to about 105°F, The invention also
contemplates that the drying air possess a relative
humidity of less than about 15 percent. Preferably,
the relative humidity of the drying air is less than
about B percent.

The drying air may be passed over and admixed
with the syrup coated gum centers in any way commonly
known in the art. Preferably, the drying air is blown
over and around the syrup coated qum center at a flow
rate, for large scale operations, of about a 2800 cubic
feet per minute. If lower quantities of material are
being processed, or if smaller equipment is used, lower
flow rates would be used. 1f a flavoring agent is
épplied after a syrup ceoating has been dried, the
present invention contemplates drying the flavoring
agent with or without the use of a drying medium.

A wide range of changes and modifications to
the embodiments of the invention described above will

be apparent to perscons skilled in the art. For
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example, while the invention is described with resgpect
to hard-coated chewing gum, it will be appreciated that
the process is applicable to coating other food
products, such as candies, in which a coating with gum
talha would have utility.

Exampl es
The following examples of the invention and

comparative examples are provided by way of explanaticn
and illustration.

7 The formulas listed in Table 1 comprise
various gsugar-type formulas in which gum talha can be
added to gum after it is dissolved in water and mixed
with various agueous solvents.

TABLE 1
{WEIGHT ENT})
EX. 1 BX, 2 EX, 3 EX, 4 EX, 5 EX, 6 EX. 7

SUGAR  55.6 56.6 55.6 47.0 53.0 53.0 55.6
BASE 19.2 19.2 19.2 19.2 19.2 19.2 19.2
CORN 12.9 1.9 4.9 2.9 6.9 6.9 Q0.0
SYRUP

PEPPER- 0.9 0.5 a.9 0.9 0.9 0.5 6.9
MTINT

FLAVOR

GLY - 1.4 1.4 1.4 0.0 0.0 0.0 1.4
CERIN

LIQUID/ 10.0 20.0 14 .0 30.0 20.0 20.0 22.9
GIIM

TALHA

BLEND

EXAMTLE 1

Gum talha powder can be added directly to the gum.
EXAMPLE 2

A 60 gram portion of gum talha can be dissolved in

140 grams of water at 40°C making a 30% solution

and added to gum,
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EXAMPLE
Gum talha syrup at 40% solids can be added
directly to the gum.

EXAMPLE 4
A blend of 60 grams of gum talha and 140 grams of
water is mixed at 40°C., To this is added 100
grams of glycerin to give a mixture of 20% gum
talha, 47% water, and 33% glycerin, and added to
gum.

EXAMPLE 5
To 140 grams of gum talha syrup at 40% solids is
added 60 grams of glycerin to give a 70% gum talha
syrup with 30% glycerin, and added to gum.

EXAMPLE 6
To 140 grams of gum talha syrup of 40% so0lids is
added €0 grams of propylene glycol giving a 70%
gum talha syrup with 30% glycerin and added to
gum.

EXAMPLE 7
To 140 grams of gum talha syrup at 40% solids is
added B89 grams of corn syrup and blended giving a
mixture of 61% gum talha syrup and 39% corn syrup.

EXAMPLE 8
To a 200 gram quantity af corn syrup is added 100
grama of glycerin. To this mixture is added 75
grams of gum talha and blended at 50°C. This
mixture is added to gum.

In the next examples of sugar gum formula-
tions, gum talha can be dissolved in water and
emulsifiers can be added to the agueous solution.
Example solutions can be prepared by dissclving 15
grams of gum talha in 70 grams water and adding 15
grams of emulsifiers of various hydrophilic-lipophilic

balance (HLB) values to the solution. The mixtures can

then be used in the following formulas.
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TABLE 2
{WEIGHT PERCENT)
EX. 9 EX. 10 EX. 11
SUGAR 50.7 50.7 50.7
BRSE 19.2 19.2 19.2
CORN 12.9 12.9 12.9
SYRUP
GLY- 1.4 1.4 1.4
CERIN
DEX-
TROSE
MONOHY -
DRATE 9.9 9.9 9.9
PEPP. 0.8 0.9 0.9
FLAVOR
BULKING
AGENT
EMUL-
SIFIER/
WATER
MIXTURE 5.0 5.0 5.0
None HLB=2 HLBe4

EXAMPLES 15-20

examples ¢of gum formulations that demonstrate formula

HLB=6

PCT/US96/03508

EX. 13 EX._14
50.7 50.7
19.2 19.2
12.9 12.9
1.4 1.4
9.9 9.9
0.9 0.9
5.0 5.0
HLB=9 H1R=12

The same as the formulations made in Examples

9-14, respectively, except that the flavor can be

mixed together with the aqueous gum talha solution

and emulgified before adding the mixture to the

gum batch.

The following Tabkles 3 through 10 are

variations in which gum talha or gum talha syrup may be

used.

use of gum talha in low-moisture sugar formulations
showing less than 2% theoretical moisture:

Examples 21-24 in Table 3 demonstrates the
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SUGAR
GUM BASE

CORN"
SYRUP

DEXTROSE
MONCHY -
DRATE
LACTOSE
GLYCERIN®
FLAVOR

GUM TALHA

EX

=21
57.

19.

10.

w o O 9 ©

9

IABLE 3
(WEIGHT PERCENT}

EX. 22 EX. 23
53.8 48.9
19.2 19.2

6.0 -
10.0 10.0
0.0 0.0
5.0 11.0
0.9 0.9
5.0 10.0

PCT/US95/03508

25.0

19.2

10.0
5.0
14.9
0.9

25.0

"Corn Syrup is evaporaced to 85% solids, 15% moisture

‘Glycerin and syrup may be blended and co-evaporated

Examples 25-28 in Table 4 demonstrate the use

cf gum talha in medium-mecisture sugar formulations

having about 2% to about 5% moisture.

Examples 29-32 in Table 5 demconstrate the use

cf gqum talha in high-moisture sugar formulations having

more than about 5% moisture.
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SUGAR
GUM BASE

CORN
SYRUP'

DEXTROSE
MONOHY -
DRATE
GLYCERIN®
FLAVOR

GUM TALHA

*Corn Syrup ie evaporated to B85% polids,

'‘Glycerin and syrup may be blended and co-evaporated

SUGAR
GUM BASE

CORN
SYRUP

GLYCERIN
FLAVOR

GUM TALHA

52.5

18.2

10.0

1.0

50.0

24.0

- 23 -
TABLE 4

{WEIGHT PERCENT)
BX., 26

4B.5 43
19.2 13.
15.0 13.
1¢.0 10.

1.4

6.9

5.0 10.

3.

0.

27

EX.

.5

25.

19.

1z,

10,
7.
a.

25.

PCT/US96/03508

28

EX,

0

15% moisturs

TABLE 5
(MEIGHT PERCENT)

EX, 30
46.0

24 .0

41.

24,

24 .

D.

1.

10.

31

EX.

0

25,

24.

24.
Q.
1.

25.

32

BX.

Examples 33-36 in Table 6 and Examples 37-44

in Tables 7 and 8 demonstrate the use of gum talha in

low- and high-moisture gums that are sugar-free. Low-

moisture gums have less than about 2% moisture, and

high-moisture gums have greater than 2% meisture.
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- 24 -
TABLE ¢
(WEIGHT PERCENT)
BX. 33 EX. 34 EX. 35 EX, 36
BASE 25.5 25.5 25.5 25.5
SORBITOL 50.0 46.0 41.0 21.0
MANNITQL 12.0 12.0 12.90 12.0
GLYCERIN 10.0 10.0 10.0 15.0
FLAVOR 1.5 1.5 1.5 1.5
GUM TALHA 1.0 S.0 10.0 25.0
TABLE 7
{WEIGHT PE ]
BX, 37 EX, 38 EX., 3% EX, 4
BASE 25.5 25.5 25.5 25,5
SORBITOL 50.0 46.0 31.0 6.0
LIQUID
SORBITOL* 10.0 1¢.0 20.0 30.0
MANNITOL 10.0 16.0 10.0 10.0
GLYCERIN 2.0 2.0 2.0 2.0
FLAVOR 1.5 1.5 1.5 1.5
GUM TALHA 1.0 5.0 10.0 25.0
*Sorbitol Ligquid containg 70% sorbitol, 30% water
TABLE &
(WEIGHT PERCENT)
EX. 41 EX. 42 EX. 43 EX. a4
BASE 25.5 25.5 25.5 25 .58
SORBITOL 50.0 44 .0 35.0 15.0
HSH SYROP* 190.0 10.0 10.0 10.0
MANNITOL 8.0 B.0 8.0 8.0
GLYCERIN®* 4.0 6.0 10.0 15.0
FLAVOR 1.5 1.5 1.5 1.5
GUM TALHA 1.0 5.0 10.0 25.0

* Hydrogenated starch hydrolyzate syrup
«** Glycerin and HEH syrup may be blended or co-evaporated
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Table 5 shows sugar chewing formulations that

can be made with various other types of sugars.

TABLE 5
{WEIGHT PERCENT)

EX. 45 EX, 46 BX. 47 EX. 48 EX. 49 EX. 50

10

15

20

25

30

35

40

45

50

- 55

60

GUM BASE 19.2 19.2 13.2 19.2 19.2 18.2
SUCROSE 44.5 24.5 i9.5 19.5 29.5 19.5
GLYCERIN 1.4 6.4 1.4 6.4 1.4 6.4
CORN SYROUP 12.0 14.0 14.0 14.0 14.0 12.0
DEXTROSE 5.0 5.0 - 10.0 5.0
LACTOSE 5.0 5.0 10.0 10.0 - -
FRUCTOSE 5.0 5.0 10.0 10.0 10.0 5.0
INVERT SUGAR - - - 10.4 10.0
MARLTQOSE - - - - -
CORN SYRUP

SQLIDS - - - - -
PEPPERMINT

FLAVOR 0.9 0.8 Q.9 0.9 ¢.9 0.9
GIIM TALHA 5.0 20.0 5.0 20.0 5.0 20.0

EX. 51 EX. 52 EX, 53 EX. 54 EX, 55 EX. 56

GUM BASE 19.2 19.2 19.2 15.2 19.2 19.2
SUCROSE 29.5 13.5 29.5 18.5 27.5 22.5
GLYCERIN 1.4 6.4 1.4 6.4 1.4 6.4
CORN SYRUP 14.0 14.0 14.0 14.0 11.0 11.0
DEXTROSE 10.0 5.0 10.0 5.0 10.0 5.0
LACTOSE - - - - -
FRUCTOSE 10.0 5.0 10.0 5.0 5.0 5.C¢
INVERT SUGAR 10.0 10.0 - 5.0 5.0
MALTOSE - - 10.0 10.0C - -
CORN SYRUP

SOLIDS - - - 5.0 5.0
PEPPERMINT

FLAVOR Q.9 0.9 0.2 0.9 0.5 0.3
GUM TALHR 5.0 20.0 5.0 20.0 5.0 20.0

195

IFF000662146



10

15

20

25

30

35

40

45

50

55

60

‘WO 97/33485

are free of sugar.

GUM BASE
GLYCERIN
SORBITOL
MANNITOL

SORBITOL
LIQUID

LYCASIN
MALTITOL
XYLITOL
LACTITOL
PALATINIT
FLAVOR

GUM TALHA

GUM BARSE
GLYCERIN
SORBITOL
MANNITOL

SORBITOL
LIQUID

L?CASIN
MALTITOL
XYLITOL
LACTITOL
PALATINIT
FLAVOR

GUM TALHA

PCT/US96/03508

Table 10 shows chewing gum formulations that

ExX. 57

25.5
8.0

368.0

17.0

1.5

10.0

EX. 63 EX. 64

25.5

8.0

These formulations can use a wide
variety of other non-sugar alditols.
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TRBLE 10
(WEIGHT PERCENT)
EX. 58 EX, 59 EX. 60 EX, 61 EX. 62
25.5 25.5 25.5 25.5 25.5
8.0 8.0 8.0 8.0 2.0
28.0 28.0 23.0 22.0 10.0
10.0 10.0 10.0 10.0 £.0
17.0 - - - -
- 17.0 12. 8.0 20.0
- - 10. - -
- - - 15.0 15.0
1.5 1.5 1.5 1.5 1.5
10.0 10.0 10.0 10.0 20,0
TAELE 1G nt’d
(WEIGHT PERCENT)
EX. 65 EX, 66 EX. €7 EX, 68
25.5 25.5 25.5 25.5 25.5
B.O B.0 2.0 B.0 2.0
27.0 22.0 31.0 10.0 10.0
8.0 8.0 - - -
5.0 5.0 5.0 10.0 20.0
5.0 - - - -
- - 15.0 15.0 -
10.0 10.0 - - -
- 10.0 10.0 10.0 21.0
1.5 1.5 1.5 1.5 1.5
10.0 10.0 10.0 20.0 20.0
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High-intensity sweeteners such as aspartame,
acesgulfame K, or the salts of acesulfame, cyclamate and
its salts, saccharin and its salts, alitame, sucralose,
thaumatin, monellin, dihydrochalcone, stevioside,
glycyrrhizin, and combinations thereof may be used in
any of the Examples listed in Tables 3, 4, 5§, 6, 7, 8,
9 and 10. 8Since gum talha has less sweetness than some
of the other sugars used in sugar gum, and some of the
alditols in sugar-free gum, a high-intensity sweetener
may be need to obtain the proper level of sweetness.

High-intensity sweeteners may also be
modified to control their release in chewing gum
formulations containing gum talha. This can be
controlled by various methods of encapsulation,
agglomeration, absorption, or a combination of methods
tc obtain either a fast or slow release of the
sweetener. Sweetener combinations, some of which may
be synergistic, may also be included in the gum
formulations containing gum talha. |

The following examples show the use of high-
intensity sweeteners in chewing gum formulations with
gum talha.

EXAMPLE 69
Agspartame at a level of 0.2% may be added to any
of the formulas in Tables 3 through 10 by replac-
ing 0.2% of the gum talha.

EXAMPLE 70
Alitame at a level of 0.03% may be added to any of
the formulas in Tables 3 through 10 by replacing
0.03% of the gum talha,

EXAMPLE 71
Sucralose at a level of 0.07% may be added to any
of the formulas in Tables 3 through 10 by
replacing 0.07% of the gum talha.
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EXAMPLE 72
Thaumatin at a level of 0.02% may be added to any
of the formulas in Tables 3 through 10 by
replacing 0.02% of the gum talha.

EXAMPLE 73
Glycyrrhizin at a level of 0.4% may be added to
any of the formulas in Tables 3 through 10 by
replacing ©0.4% of the gum talha.

High-intensity sweeteners may also be
combined with other high-intensity sweeteners, with or
without encapsulation, agglomeration or absorption, and
used in chewing gum. Examples are:

EXAMPLE
Agpartame and acepulfame K at a 1:1 ratic may be
added to any of the formulas in Tables 3 through
10 at a level cof 0.15% by replacing 0.15% of the
gum talha.

EXAMPLE 75
Aspartame and alitame at a ratio cf 9:1 aspartame:
alitame may be added to any of the formulas in
Tables 3 through 10 at a level of 0.1% by replac-
ing 0.1% of the gum talha.

EXARMPLE 76
Agpartame and thaumatin at a ratic of 9:1
aspartame:thaumatin can be added to any of the
formulas in Tables 3 through 10 at a level of 0.1%
by replacing ¢.1% of the gum talha.

EXAMELE 77
Sucralose and alitame in a ratio of 3:1 sucralose:
alitame can be added to any of the formulas in
Tables 3 through 10 at a level of 0.5% by replac-
ing 0.5% of the gum talha.

EXBMPLE 7
Zlitame and glycyrrhizin in a ratio of 1:12
alitame:glycyrrhizin can be added to any of the
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formulas in Tables 3 through 10 at a level of 0.1%
by replacing 0.1% of the gum talha.

EXAMPLE 79
Aspartame and glycyrrhizin in a ratio of 1:14
aspartame:glycyrrhizin can be added to any of the
formulas in Tables 3 through 10 at a level of 0.3%
by replacing 0.3% of the gum talha.

Ag noted earlier, the gum formulas can be
prepared as stick or tab products in the sugar or
sugarless type formulations. These formulas can also
be made in a pellet or pillow shape pellet or a round
ball or any other shape of product for coating/panning.
However, gum formulas are generally adjusted to a
higher level of gum base to give a more consumer
acceptable size of gum bolus.

Keeping this in mind, if a coating of about
25% of the total product is added to a pellet core as
gugar or polyols, the gum base in the pellet core
should also be increased by 25%. Likewise, if a 33%
coating is applied, the base levels should also be
increased by 33%. As a result, gum centers are usually
formulated with about 25% tao about 40% gum base with a
corresponding decrease in the other ingredients except
flavor. Generally flawvors increase with the lewvel of
gum base as the base tends to bind flavors intc the gum
and more flavor is needed to give a good flavorful
product. However flavors can alsco be added to the
coating to give increased flavor impact and more flavor
pqrception.

Some typical sugar type gum center
formulations are shown in Table 11.
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TABLE 11
(WEIGHT PERCENT)
EX, 8¢ EX. 81 EX. 82 EX. 83 EX. B84 EX. 85

SUGAR 52.0 49.0 48.0 44.0 41.0 39.0
GUM BASE 26.0 30.0 35.0 26.0 30.0 35.0
CORN SYRUP 20.0 19.0 15.0 18.0 17.0 14,0
GLYCERIN 1.0 -0 .0 1.0 1.0 .0
FPEPPERMINT 1.0 1.0 .0 1.0 1.0 .a
FLAVOR
DEXTROSE - - - 10.0 10.90 10.0
MONOHYDRATE

Formulations can also be made similar to
those found in Tables 1-5 for low, medium, and high
moisture formulas. Higher levels of base may be used
with a ccrrespending decrease in cther ingredients.
Also, other sugars may be used in the gum center as
found in Table 9.

Gum talha can then be used in the cecating
formula on the varicus pellet gum formulations. The
following Table 12 shows some sugar and dextrose type

formulas:
TABLE 12
{DRY WEIGHT PERCENT)
EX, 86 EX, B7 EX. 88 EX, 89 EX, 90 EX. 91
SUGAR 97.1 95.4 94.1 9€.9 95.1 93.&
GUM TALHA 2.0 2.0 4.0 2.0 3.0 4.0
TITANIDM 0.5 1.0 1.0 - - -
DIOXIDE
CALCIUM - - - 0.5 1.0 2.0
CARBONATE
FLAVOR 0.3 0.5 0.8 0.5
WAX 0.1 0.1 0.1 0.1 0.1 0.1
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EX. 92 EX. 53 EX., 94 EX. 95
DEXTROSE 37.86 95.4 97.2 94 .5
MONOHYDRATE
GUM TALHA 1.5 3.0 1.5 2.0
TITANIUM 0.5 1.0 - -
DICXIDE
CALCIUM - - 1.0 2.0
CARBONATE
FLAVOR c.3 0.5 0.2 Cc.4
WAX 6.1 0.1 0.1 0.1

The above formulations are made by making a
syrup by dissolving the sugar and gum talha in solution
at abcut 75% sclids at boiling, and suspending titanium
dioxide or calcium carbonate in this syrup. Flavor is
not mixed with the hot syrup, but added at low levels
with one or more coats. After the f£inal coats are
applied and dried, wax is applied tc give a gmooth
polish.

The above process gives a hard shell cocating,
Often a dry charge of powdered sugar or dextrose
monchydrate may be used. This gives a somewhat softer
coating. A dry charge may be used to build up a
coating, but then finished with a straight syrup tao
obtain a hard shell. Table 13 gives these types of

formulas.
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TABLE 13
(DRY_WEIGHT PERCENT)

EX. 96 EX. 97 EX., 98 EX. 99 EX. 100 EX. 101

SUGRARR 77.5 81.4 - - 87.5 -

DEXTROSE - - 77.5 B6.3 - 87.1

MONOHYDRATE

POWDER SUGAR* 20.0 15.0 - - - -

POWDER - - 20.0 10.0 - -

DEXTROSE"

GUM TALHA 2.0 3.0 2.0 3.0 8.0 8.0

POWDER

GUM TALHA - - - - 4.0 4.0

SOLUTION

FLAVOR 0.4 0.5 0.4 0.6 0.4

WAX 0.1 0.1 0.1 0.1 0.1 0.1
* Powder and/cr crystalline sugar may ke used.

In Examples 96-99, gum talha is blended in
the sugar syrup. In Examples 100 and 101, gum talha
powder is dry charged after a gum talha solution is
applied in the first stages of ccating, then this is
followed by a hard shell coating of sugar solution or
dextrose solution.

Gum talha may also be used in coating of
sugarless gum centers. Like sugar gum centers, the
base formulation can be increased in proportion to the
amount of coating applied to the center. Formulations
similar to those found in Tables &, 7 or 8 for low and
high moisture gum can be used to make gum centers.
Generally, the base level may be increased tc 30-46%
with the other ingredients proportionally reduced.
Some typical gum formulas are in Table 14.
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TABLE 14
(WEIGHT FERCENT)

EX. 102 EX. 103 EX, 104 EX. 105EX. 106 EX. 107EX. 108
GUM BASE 35.0 35.0 30.0 30.0 30.0 40.0 30.0
CALCIUM - - 5.0 10.0 15.0 - -
CARBONATE
SORBITOL 43.3 45.3 46.3 40.3 44 .8 41.7 15.5
MANNITOL 10.0 10.0 5.0 10.0 - 8.0 10.0
GLYCERIN - 8.0 2.0 - 8.0 2.0 2.0
SORBITOL 10.0 - 10.0 8.0 - 5.0 1¢.0Y
LIQUID
FLAVOR 1.5 1.5 5 1.5 .0 2.0 1.3
HIGH 0.2 0.2 0.2 0.2 0.2 0.3 0.2
INTENSITY
SWEETENER

a) Lycasin brand hydrogenated starch hydrolyzate
used instead of sorbitol liquid

In the above center formulations, the high
intensity sweetener used is aspartame. However other
high intensity such as alitame, acesulfame K, salts of
acegulfame, cyclamate and its salts, saccharin and its
salts, sucralose, thaumatin, monellin, dihydrochalcone,
steviogide, glycyrrhizin and combinations thereof may
be used in any of the examples with the level adjusted
for sweetness.

Lycasin and other polyols such as maltitoel,
xylitol, lactitol, palatinit (isomalt} may also be used
in the gum center formulations at various levels
similar to those shown in Table 10. The texture may be
adjusted by varying glycerin or sorbitol liquid.
Svwiaetness of the center formulation can alsc be
adjusted by varying the level of high intensity
sweetener.

Gum talha is especially useful in sugarless
coatings with xylitol, sorbitol, maltitol, lactitol,
iscmalt (hydrogenated isomaltolose) and erythritol.
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Gum talha acts as a binder, film former, hardener of
the coated pellet. The following table gives formulas
for a xylitol coating:

TABLE 15
{DRY WEIGHT PERCENT)

EX. 109 EX. 110 EX. 111 _EX. 112 EX. 113 EX. 114
XYLITOL 94.8 92.4 90.7 90.1 89.9 88.8
GUM TALHA 4.0 6.0 8.5 8.5 10.0
FLAVCR .5 0.5 7 0.7 0.9 0.5
TITANITM 0.5 0.9 - 0.5 0,5** Q.5
DIOXIDE
TALC 0.1 D.1 0.1 0.1
WAX 0.1 0.1 0.1 0.1 0.1 0.1
COLOR* - - 1.4 - - -
* Lake color digpersed in xylitoal solution
* % Calcium carbonate used in place of titanium

dioxide

The above formulas are used to coat pellets
by applying a xylitol/gum talha solution in multiple
coats and air drying. Color or whitener is also mixed
in the solution. After pellets have been coated and
dried, talc and wax are added to give a polish.

Like xylitol, erythritol coating also
requires a binder, film former, and hardener in the
coating to make an acceptable product. The following
formulations can be made:
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TABLE 16
(DRY WEIGHT PERCENT)

EX, 115 EX. 116 EX. 117 EX. 118 EX. 1193 EX. 120

ERYTHRITOL 53.8 91.5 89.2 50.1 88.4 86.8
GUM TALHR 5.0 7.0 8 8.5 10.0 12.0
FLAVOR 0.5 0.4 Q.7 0.9 0.5
TITANIUM 0.5 0.9 - 0.5 0.5 0.5
DIOXIDE
TALC 0.1 0.1 0.1 .1 0.1 0.1
WAX 0.1 0.1 0.1 0.1 0.1 0.1
COLOR - - 1.4% - - -

* Lake color dispersed in erythritol solution

The above formulas are used to coat pellets
by applying a erythritol/gum talha solution in multiple
coats and air drying. Color or whitener is also mixed
in the solution. After pellets have been coated and
dried, talc and wax are added to give a polish.

For coating formulas based on sorbitol,
maltitol, lactitol, and isomalt, gum talha can be used
as a binder and film former, and a crystallizatiom
modifier to help facilitate coating. Generally these
polycls are more difficult to coat using only a
straight syrup, but with proper technigue a good smooth
hard shell can be made. However, it may be preferable
to add a dry charge to quicken the drying process
before the pellets get too sticky. The following
formulations may be used.
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TAELE 17
(DRY WEIGHT PERCENT)

EX, 121 EX. 122 EX. 123 BX, 124 EX. 125 EX. 126

SORBITOCL S56.8 94.9 92.1 86.8 76.1 69.5
SORBITOL - - - 10.0 20.0 25.0
POWDER

GUM TALHA 2.0 4.0 6.0 2.0 3.0 4.0
FLAVOR - .
TITANIUM 0.5 0.5 1.0 0.5 D.4 0.6
DIOXIDE

TALC 0.1 0.1 0.1 0.1 0.1 0.1
WAX 0.1 0.1 Q.1 0.1 Q0.1

Sorbitol powder is used to dry charge in the
early stages of coating. Sorbitol, gum talha, and
whitener ig blended into a syrup and applied to
pellets. After all coating is applied and dried, talc
and wax are added to glve a polish.

In a similar manner, coatings with maltitol,
lactitol, and isomalt may be made in the coating
formulas in Table 17 by replacing sorbitel with any cone
of the other polyols and sorbitol powder with the
polycl powder. Like sorbitol, the other polyols may
become sticky during the coating and drying process, so
the dry powder charge may be needed to give the proper
drying. In the later stages of the coating process
less gum talha could be used and a more pure polyvol
syrup could be used to give a smcoth surface. Also,
the dry charge would only be used in the early gtages
of the coating process.

In addition to dry charging with the specific
polycl, other ingredients may be added to the dry
charge to help absorb moisture. These materials could
be inert such as talc, calcium carbonate, magnesium
carbonate, starches, gums like gum talha ¢r other
moisture absorbing materials. Also, powdered

IFF000662157
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sweateners or Llavors could be added with the dry
charge.

Some polyols such as sorbitol, maltitol,
lactitol, or isomalt are not sufficiently sweet
compared to sugar or xylitol, so high intensity
sweeteners may be added to the coating such as
aspartame, acesulfame K, salts of acesulfame, cyclamate
and its salts, saccharin and its salts, alitame,
sucralose, thaumatin, monellin, dihydrochalcone,
glycyrrhizin, and combinations thereof. If a hot syrup
is applied, heat may degrade the sweetener so only
stable sweeteners should be used. Generally high
intensity sweeteners are added with the polyol/gum
talha solution to obtain an even distribution in the
coatings.

Liquid flavors generally are nct added
throughout the c¢oating but at specific points
throughout the process, When flavor igs added, less air
is used for drying until the flavor coating is covered
by the next ccatings and dried. Flavors may be various
spearmint, peppermint, wintergreen, cinnamon, and fruit
flavors to yield a wide variety of flavored chewing gum
products.

It should be appreciated that the
compositions and methods of the present invention are
capable of being incorporated in the form of a variety
of embodiments, only a few of which have been
illustrated and described above. The invention may be
embodied in other forms without departing from its
spirit or essential characteristics. The described
embodiments are to be considered in all respects only
as illustrative and not restrictive, and the scope of
the invention, therefore, indicated by the appended
claims rather than by the foregoing description. All
changes which come within the meaning and range of
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eguivalency of the claims are to be embraced within

their scope.
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- 39 -
I CLAIM:
1. A chewing gum composition comprising:
al about 5% to about 85% gum base;
b) about 0.1% to about 10% of a flavoring

agent, and

c) about 5% to about 95% bulking and
sweetening agents, the bulking and sweetening agents
comprising gum talha.

2. The chewing gum composition of claim 1
wherein the gum talha is in the form sgelected from the
group consisting of powder gum talha, gum talha syrup
and mixturesg thereof.

3. A chewing gum product including gum talha
wherein the gum talha is used as a dusting agent on the
surface of the gum.

4, A coated chewing gum product comprising a gum
pellet coated with a hard coating, the hard coating
comprising gum talha.

5. The method of Claim 4 wherein the gum talha
comprises 0.5 to 20% of the hard coating

E. The method of Claim 4 wherein the hard
coating further comprises a polyocl selected f£rom the
group consisting of xylitol, lactitol, maltitol,
hydrogenated isomatolose, erythritol and mixtures
thereof

7. The method cf Claim 4 wherein the hard
coating further comprises a flavor.
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8. The method of Claim 4 wherein the hard
coating further comprises a high potency sweetener.

9. The method of Claim 4 wherein the hard
coating further comprises a sugar selected from the
group congisting of sucrose, dextrose, maltcsge and
mixtures thereof.

10. The method of Claim 4 wherein the hard
coating further comprises a coating modifier.

11. A method of making chewing gum comprising the
steps of:

a) coevaporating an agueous solution
compriging gum talha and a plasticizing agent to form a
syrup, and

b) mixing the syrup with gum base, bulking
agents and flavoring agents to produce a gum
composition.

12. A Chewing gum composition sweetened at least
in part by aspartame, the gum composition containing an
effective amount of gum talha tc stabilize the
aspartame against degradation into non-sweetening
derivatives.

13. A method of making chewing gum comprising the
steps of:

a) codrying a solution containing gum talha
and a sweetener selected from the group consisting of
sugar gweeteners, alditol sweeteners and high-potency
sweeteners, and

b} mixing the codried gum talha/ sweetener
with gqum base and flavoring agents to produce a gum
composition.
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14. A liguid filled chewing gum product wherein
the liquid £ill comprises gum talha.
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Ficid of the invention

The invenlon reiates lo beverage compositions, in parucular W beverage compositions

which disperse end dissolve rapidly upon contact with water.

Background of the invention

Solid beverage composiions that dissolve in water to produce the desired beverage arc
known and arc commounly produced i powder, granule or {abict form. Such beverage
compositions include instant coffee, tea, iced (ea, chocolale (c.g. Milo™), soups and

spart nutnition drinks, such 2s the PowerDar® beverage system.

Powdder composittions are oflen hygroscopic and so calang of the powder 15 a prohlem.
Anti-caking agents may be added to ovcicome this problem nw these can impair the
taste and appearance of the resufting beverage and increase the cost. Further problems
associated with puwdered beverage compositions are dust and lack of convenience in
making up the dnik, such as the need W measure the required dose of powder and the

risk of spillage.

Various sports nulrition drinks come in powder form and are sold in large tubs with o
small scoap to maasure ont the correct amount o make up with water. They are also
sold in convenient single serve sachets of the exact amount to he made up in = standard
volime, aflen 2 500 mi bottle. An example of such products are PawerBar™ Encurance
Sport Drink powder mix {Powerbar Inc.), Gatorade & Sux (PepsiCo, Inc.) and [sostar
® cnergy drink powdcr {Nutrition ct Santé SAS). Easc of measuring a dosc and
minimising risk of spillagc arc perlicularly imiportant for such products since they arc
primuarily used by athleies who wonl to make up the drink in 2 waler bottie whilst on the
move. These products at best allow pouring of the required dose into a2 water bottle,
but this 1s difficult whilst on the move without some of the material spilling or blowing

AWAY.
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Pressed tahlets provide a convement dosage form but even with the inclusion of
disintcgranis in the compositon such products do not dissolve rapidly. US
2003/0026836 relates to powders and tablets based on 2 carbohydraie matnx with
improved dissoluion properties in water. The components of the powder vr tubler e
subjected to trewement with @ ges so that gas 1s entrapped therem and sufficient closed
porsity is provided so that the entapped gas promotes dissolution or dispersion upon
contact with water. The need io incorporate gas into the components of the pressed

tahlet adds cost and complexity t the manufachiring process.

US 4,031,238 melmes to dry waler-soluble beverage cubes contzining powdered
crystalline glucose monohydrate, crystalline sucrose and a hymroscopic {lavour
mzfenal. The cubes ure prepared by hesting the mixed ingredients w abuve 95 °F (33
“Cy in a high humidity shmosphere to solidify the mass. Under these condinons the
hyeroscopic flavinr material shsorbs moistire @and these articles then wet adjucent
sugar particles causing parital or complete dissolution of them. In effect, the flavour

material acts as 2 binding agent for the system.

Rapid chissolution without the problems associaled with tablets and powders may be
achieved by sintenng @ powder {0 produce 2 granular beverage material. TP 0 373 697
describes such o method which comprises sintering an essentially dry powdered
heverage extract by heuting the extract in a closed environment to form sn agylomerate
in which the pariicles of the powder have been brought 1 @ point-to-point contact so
that they are hridged to one another without loosing their identity, and then gramulating
the sgglomerate. However a problem with such a praduct is lack of convenience in
making up the drink, particularly in the case of an athlctc on the move as described

ahave.
An objecs. of the invention is W pravide a beverage comnposition in sohd piece-form

which disperses and dissolves rapidly upon addition to water, and a mcthod for making

such a composition.
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Sammary of the invention

In a first aspect the invenlon relates o 2 sintered, solid piece, water soluble or water
disperstble  bevernge composition compnising  dry particniates bound by o Onely
dispersed glassy phasc which constifutcs 10 to 40 wt % of the composition. The lincly
dispersed glussy phase acts ss 8 bonding agent to link components that would otherwise
net be prone t0 join to each other under moderate conditions. Such & compaosition (s
easy to handle. Further, the composition has high open porosity and readity solvated
{by water) inter-patticte bonding which allows rapid ingress of water into the depth of
the composition.  Conscquently, upon conlzct with waler, the composition rapidly

disinteprates and the particles disperse 2nd are [ree (o dissolve.

In a second aspect the invention refates to a method for producing 4 selid piece, water
suluhle or water dispersible heverage compostition comprising

{2) providing a powder comprising 10 w 40 wt % glassy phase particles and 60 tn 90 wi
%, onc or nxore other dry particulaic components; and

{b) sintcring the powder, such that the glassy phase panicles mell at their surlace and

wet 2nd bond neighbowing particles to form a siructured, porous, fused product.

During the sintenng tresiment, the finely dispersed glussy phase particles acquire
sufficient mobility b wet and hond neighbourmg particles in contact and so schieve a
3-dimensional network structure through the whole mass.  The resulting composition
lias high open porosity and readily solvated ¢by water) inter-particle bonding which
allows rapid ingress of water into the depth of the body. Consequently, npon contact
with water, the body rapidly disintcgrates and the particles disperse and arc fice to

dissalve.
Detailed description of the invention
In one aspeet the invention relales to a sintered, solid picec, water soluble or water

dispersible heverage composition comprising dry particulates bound by a tinely

dispersed glassy phase which comprises 10t 40 wt % of the compositon.
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“Beverage composition” is any compasition that can be dissolved or dispersed in water
Lo produce a beverage, such as coflce, tea, 1ced (ca, chocolale, soup and sport nutrition

drinks.

“Sobhd piece” means thut the beverage compousiion consists of @ mass, ur coherent
baody, of substance as opposed to a powder or granules. The mass is preferably potous
and of & size which is easy to handle and suitable for adding to 2 cup, glass or hottle of

water.

“Sintering” is a method for fornung such 2 coherent mass by heating and 1s 2 method
for making objects from powder, increasing the adhiesion between particles as they are
heated. The parucles of the startng marerizl are vnly brought in a kand of pomt-tu-
pennt contact in which the particles are "bridged” to one another without losig ther
identity #s a particle.  According to the invention the glassy mutenal scts as the
bridging agcnt. During the sintering process the glassy phase pasticles become viscous

and wet and bond neighbouring particles wo {orm 2 structurcd. porous, fased product.

“Glassy phase” means an amorphous (or glassy) solid, rather than 2 crysialline solid.

The beverage compusition compnses dry particulates which are selected according to
the desired residting heverage.  Parliculates having 2 dizmeter of 10 {0 100 pun are
preferred since extremely large particulafes are too slow o dissolve and 2 very small
patticle size would mean there were not enongh glassy particles w form the links. The
dry particulates mey include, but are not limited to, one ar more of crystalline sugars,
maltodcxtrin, protcin powders, ccrcal componcrts, frait powders, powdcred gum,
cocoa, coflee powder, tea powder, herbs, and heat sensiuve ingredients snch as volatile
Navowr ingredicnls, heat sensifive vitanuns and puiritional powders, such as fruit or
milk. Further, particles with a fragile structure and/or low density may be incormporated
mmtzet. These may be such that they hydrete and float wo the surface of the beverage
afler dispersion. Examples of such tnaterials are freczc-dried fruit, dricd marshmallow
shuapes, dned pasta shapes or crontoms. Such low-density materials conld not be formed

into a heverage tablet by tabiet-pressing as their structure would he destroyed. The dry
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particulates comprisc 6 to 90 wt %, of thc weight of the composition, preferably 75 ta

ES wi Y.

The dry particulates are bound by 2 finely dispersed glissy phase. Sugar glasses stable
vver time are convenhonally marufactured from mixwures of cathuhydrates. The plassy
bonding phase can be msde up from o wide wvanety of carbohydrate materizls
encompassing hoth sugar and sngar-free ingredient types. In particuiar the glassy
bonding phase may preferably comprise corn symip sohids or dextrins or two or more of
sucrose, dextrose, fructose, maltose, lactose, com syrup solids, dextrins, sorbitol,

isomalt, inaltitol, xylitol, eryilirito! and polydextrose.

The glussy maenad compnses 10 to 40 wt % of the weight of the compusiiion,
preferably 15 to 25 wt %, Since only a minor proportion of glassy bonding material is
required in order to Hnk the other components, the other components can be selected

for other qualities, e.g. nuuritional value, flavour, seructure, etc.

The glassy material is milled to a fine powder, preferably with the median particle size
{d507 smaller then 10 pni, such that in the resuliing beverage composition the material
s finely dispersed.  The ulassy materisl acts as 4 binding agent m the heverage
composition and acts to bond neishbounng pearticles in contact and so achieve a 3-
dimensional network struchire throush the whole mass.  Alternatively, the plassy
material may act 23 a hinding sgent at the outer surface of the sohid piece heverage
compesition only, leaving the inner dry particulate contents unbound. This allows even

more rapid dispersal and dissolution of the particles upon contact with water.

The sintered, solid piece, water soluble or waier dispersible heverage composition of
the invention prefcrably has a deusity of 0.5 lo 1.0 géiom’, most preferably about .7
pen’.  The sintered, solid picce, water soluble or waler dispersible beveraoe
composiiion of the iovention preferably has a porosity of 35 % and 70 ¥, most
prefirably about 55 %. This allows water percolation into the siructure thus improving

dispersion and dissohution of the composition upon contzet with water.
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The composition dispcrscs rapidly upon contact with water and then rapidly dissolves
will: agitation. Prclcrably Uic sinicred solid picec disintcgrates in less than 10 sceonds
for 50 g of sample of any dimensions in 500 mi of water at 15 °C. Ilowever, lhe
dispersion tare of these compositions depends on the dimensions of the solid piece
rzther than simply on the mass. For example, a2 10 mm dizmeter rod would disperse at
mmich the same speed whatever 1ts length {and therefore its weight) providing there was

sufficient water.

Preferably the solid piece composition is 2 dose-sized portion.

The compos:tion has many uses including:

= A spori nutriwn drnk {or use by athletes who wish fo make up the dnnk quickly
and easily whilst on the move. The composition may be produced in 2 stick-shaped,
dose-sizedd portion suitshle for u standard size water bottle {(e.g. 500 ml), which can
then be passed through the neck of such a water bottle {o dissolve quickly and easily.

= A composilion to be added to hot walcr {o procduce a hot drink, such as tea, cotlee,
chocolate, soup. The solid portion is simply dropped into hol water, in which it
disperses and dissolves mapidly w produce the dnnk. No measuring is requured and
there 1s no 1isk of powder spillage or dust.

= A cumpasitivn to be added to cold water w produce 2 beverage such ss iced tea or a
milk drink. The solid purtion is simply dropped into cold water, in which it disperses
and dissolves rapidly to produce the dnok. Nou meuasuring 1s required and there is no
risk of powder spillage or dust.

= A compasition to bz added to cold water to produce a heverage containing heat
scnsitive ingredicnts such as volatile flavowr mpredicnts, heat sensitive vitaming and
nutritional powders, such as finit or mifk.

= A composition io be added fo walcr to produce 2 beverage with inclusions of itagile

low density materizls which float o (he top of the drink.

In a further aspect the invenuon provides a mcthod for producing a solid picce
heverage composition cumprising:
{2} providing a powdler comprising 10 tn 40 wt % glassy phase particles and 60 to 90%

one or mewe other dry parculate compenents; and
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(h) sintcring the powder, such that the glassy phase pamicles melt at their surface and

wet and bond neighbourimy particies to form a stractured, porous, tused product.

According to one aspect, the glassy phase purmcles as described above hive been
milled w 2 fine powder prior o mxmg with the dry purticnlate componentis) as
described above. Preferably the glassy phase particies sre milled to o fine powder with
the median particle size (d50) smalier than 10 pm prior to intimate mixing with one or

more other dry particulate components,

According o anather aspecl, (be glassy phase parlicles may be co-milled together wilh

the ather dry particulale components.

The glassy phase particles comprise 10 w 40 wt % of the beverege compesition,

preferably 15 to 25 wt %

The resulling mixturc in both cases las a low bulk density of around 0.5 glem’.

A mould is [lled with this mixture, optonally with sonie degree of tamping 10 2ssure a
degree of close-packing of the particles {particke-particle consct). The mould should
epresent the desired finished shape of the product, ¢.g. & simple capped cyhndncal
tube.  Further, the mold may also provide the packaging for the product. However,
the mould need not have such dual purpuse and 1o principle could be from any suitable
food grade material, such as a semi-nigid polymer. The solid piece heverage
composition will closely fbliow the shape of the mould faces with which it has initial
contact.  Hence, the mould may be of 2 torm with spccific shape interest or
fimetionabity and may carmy quite detailed figuring or engraving of design or lettering

which will be transferred onlo the surface of the solid picee.

The mixture confained o the mould 15 then subiected w a sinwnng hear Teamment.
Prefcrably the mould is scaled closed during the treatmenl. Hermetie closure is useful
wr prevent rmidstare loss on heatny which might inhibit the sintering process.

Alternatively, sintering may be carried put in an ammosphere with & controlled relative
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humidity to provide greater proccss controb and flexibility.  The mould preferahly stays

in the same onentation durning the hicat reatment.

The time znd temperature of heat weatment is partially dewermined hy the composition
uf the glussy phase. Tempersture should he in the vicmity of the unset of mobility at
the glass transition. With progressive increase of temperature ghove the glass transiton
temperzature (Ta), mobility of the glassy phase particles rises dramaticaily. Hence, at
higher temperature the reqgiired residence time shonld he shorter. However, with a
bady of substantial size, the inevitable temperature gradient duwing heating can cause
an unwanied inhamogeneity of sinlering through e piwee. For this reason relatively
long duration weatmenl al modest temperature is favoured. For most formulations
weamment will be at 50 to 60 “C for 5 w 10 hours. Such a low tempersfure hear
weatment allows the use of heat-sensitive mygnedients and allows the moeorporation of
volatile flavour ingredients, heat xensitive vitamins and high value mumional powders,
such as fnut or milk, withont damage to their quality. Further, use of a relatively lonz
duration wreatment at meodest tcmperatc is favourcd, particularly with a picee of
substantial sizc, since (s helps (o alleviale unwantcd inhomogencity of siutering

tirough the piece caused by the ineviteble renmperalure gradient during heating.

During the sintering heat treatment, the finely dispersed glass perticles acquire
sufficient mobility to wet and bond neighbouring particles in contact and so schieve a

J-dimensional network strocture through the whole muss.

In an alrernative embodiment, a shom-durstion, high temperature exposure may be used
to sinter-tfusc the outcr surfacc of the picee icaving the imer contents unbound. In this
alternative embodiment, treatment for powder filled into a vessel with a thin-walled
heat-conductive wall, such as a 33 mm dismeter metal tube, would be al 90 10 110 °C
for 1 1o 10 minutes followed by immediate force cooling 1o an anhient temperature of
approximately 20 “C. Preferably the sinfering treatment 15 camed out at about 100 =C
for 5 mmulgs before (he immiediate foree coohing. This results in a composition in
which the dry purticulates are bound hy a finely dispersed glossy phase at the outer

surface of the solid piece heverage composition only, leaving the inner dry particnlate
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contents unbound. This allows cven morc rapid dispersal and dissolution of the

particles upon contact with walcr.

Afier sintering, the product and mould are preferably allowed to cool to ambient
temperature. The sintening process cuuses 4 modest contraction of the product m three
dimensions such that the plece teleases from the walls of the container and can be

readily removed ftor use.

Care should be taken to protect the powders and finished product from moisture gain

from the atmosphere.
Examples

The following examples are illustrative of the products and methods of making the
same falling within the scope of the present invention. They are not to be considered in
any way limitative of the invention. Changes and modifications can bc madc with
1cspeet to the invention. Thal is, the skilled person will recognisc many possible
variations in these examples covering a wide range of compositions, ingredients,
processing methods, and mixtures, snd can adjust the naturally occurning levels of the

compounds of the fnvention for & varicty of applications.

Example ]

In this example PowerBar® Endurance Sport Drink powder mix is bonded to make a

soulid form by the agency of a [inely dispersed sugar glass and a thermal treatment.

PowerBar® Endwance Sport Drink mix is diswibuted by Powerbar Inc., Berkeley,

California, 94704, USA.

A sugar glass is manufactured by dissolving and coneentrating by boiling a mixture of:

Sucrose 40%,
A2DE Glucose Syrup (Corn Symup) (4, 81 % dry substance  45%
Walcr 15%
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This opcration is performed in a stired slcam-healcd confectionery boiling keule
equipped with the [acility to draw a partial vacuum. The mass is boilsd al atmospheric
pressute to 4 temperature maxtmum of 143 °C hefore applicenion of 4 vacuum of 0.3
Diar, uniil buihing stops. The resulting hotr syrup 1s poured onto @ metasl slab ar 20 °C
and allowed to coul to emhient temperanure to hecomne hard and glassy before onward

18E.

A dry powder mix is prepared hy co-comminution of 4 parts PowerBar™ Endurance
Sport Drink mix with 1 pant of (ke sugar glass in a bencltop impact null (Type: IKA
M20 from IKA Werke Gmbll & Co. KG, Siawien, Gennany). Milling is conlinued
long envugh o essure that all matenal passes though o Imm sieve. In fact, meroscopic
examination reveals paricles to leve a wide size range {2lling primnarily in the band 10

o 100 microns diameter.

A dose of this dry powder mix {(typically 50 g} is filled into & slightly conical rigid
plastic container (105 mm length, 33 mm mid-height internal dismeter, open cnd
widest), and this is sealed with a closely [itling plastic ¢ap lo prevent moisture loss.
The contamer and its conients are then subject fo a thermal mesiment by placement in a
cabinet contolled at 50 °C for a period of 4 hours.  Afler heat oeatment the tube and

contents are allowed to cool freely to ambient room temperamre.

DNuring the sinter heat reatment, which is perfermed shove the glass transition of the
sugar glass, the finely dispersed sugar plass particles acquire sufficient mobility to wet
and hond wncighbauring particlcs in contact and so achieve a 3-dimemsional network
structure throngh the whole mass.  This process is accempanied by a modest
coniraclion in three dimensions such that the picee releascs from iic walls of the

confainer and can be readily remaved for use.
The resulting body has a density of 0.7 grarms per cubic centimetre and 2 porosity of 535

%. On addition fo cold water st 13 °C the solid piece disintegrates within 10 seconds

into a dispersed pewder which then freely dissolves in the water.
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Claims

1. A sintered, solid plece, water soluhle or water dispersible beverage composition
comprising dry pariiculstes bound by a finely dispersed glassy phase which comprises
10 10 40 wt % of the compusition.

2. A composition zccording to claim 1 having a density of 0.5 g/em’ to 1.0 giem’.

L R . . B 2
A composition zccolding to clalm 2 having a density of about 0.7 g/cm’.

L

4. A cempositon accordmy to any of the preceding clamms having & porosity of 35 %

w 70 %.

LA

A composition according to claim 4 having a porosity of about 55 %.

6. A composilion according to any of the preceding claims whercin the dry
pariiculatcs comprisc one or morc of erystzalling sugars, maltodexirit, protein powders,
cerea] components, frit powders, powdered gum, cocon, coffee powder, tea powder,
herbs, heat sensitive inuredients, and low-density inclusions which float to the surface

of the beverspe sfter dispersion.

7. A compostiion according w any of the preceding claims wheremn the glassy phase

comprises a sugar or sugar-free carhohydrate material.

B. A composition according to clamm 7 wherein the glassy phase comprises comn syrup
solids or dextins or (wo ar more of sucrosc, dexirasc, fruclaosc, malwose, laciose, cara

syTup solids, dextrins, sorbitol, isomall, maltitol, xylitol, crythritol, and polydeawose.

Formatted: Buliets and Numbsaring

5,__A compusition according to any of e preceding cluims wherein the proportion vl

glassy phasc matcrial 1s in the range 15 ta 25 wl %.

Formatted: Buliets and Numbering

rete of <10 seconds for 5G g of sample of any dimensions in 560 mi of water at 15 °C.
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Tt

composition 1s 2 dose-sized portion.

purticulutes are bound hy a fincly dispersed glassy phase at the outer surfice of the
solid piece heverage compositich only, leaving the inner dry parficulate contents

inhoung,

composilion comprising:
(&) providing a powder comprising 10 w 40 wi % glassy phase parucles and
60 10 90 wt % one or more other dry particadute components; and
{h) sintering the powder, such that the glassy phase particles melt at their
surface and wet and bond neighbouring particles to form a strachired,

porous, fuscd product.

s

mitled to 4 fing powder pror to mixing with the dry purdculate component(s).

13.A method according fo claim 13 wherein the glassy phase particles and the dry’

particulste component(s) are mixed and then co-milled tn a fine powder.

36 A method according #0 any of claims 13 to 15 wherein the sintering frestment is*

catried out at 50 to 60 °C for 5 to 10 hours.

carried out at 90 to 110 °C for 1 10 10 minutes, Hllowed hy immediate force cooling o

an ambient temperature of approximutely 20 °C.

= A method according o cluim 17 wherein the sintenng trestment is carmed ont at® ™~

about 1640 °C for 5 minutes, followed by immediate force cooling to an amhient

tempersture of upproximeately 20 °C.
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3. A composition sccording to any of the preeeding claims wherein the solid picee™

12, compusition according to any of the precedimg claims wherein the dry™

£3. A methad for producing a solid piece, water soluble or water dispersible beverage® ~

4 A methed according w claim 13 wherein the glassy phase particles have been™

Formatted: Bullets and Numbering

Formatted: Bullets and Numbering

- - - Formatted: Bullets and Numbering ]
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Formatted: Bullets sid Numbsaring
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- - Formatted: Bullzts and Numbering

A metlod aecording w any of elaims 13 w 18 wherein (e dry particulalcs comprisc™
onc or morc of erystatiine sugars, maltodextnn, protcin powders, cereal components,

[ruil powders, powdered gum, cocoa, coffee powder, tea powder, herbs, heal sensitve

5 ingredients, und low-density inchusions which fluat to the surface of the beverape after
dispersion.
~ R . . - . . .- - Formatted: Buftets and Numbesi
‘ 260 method aecording to any of claims 13 w 19 wherein the glassy phase comprises @ - "
sugar ot sigar-fiee carbohydrale malerial.
10

- Formatted: Bullets and Nusihering

£b. A micthed according to claim 20 wherein the glassy phase compriscs corn syrup®

solids or dextrins or two or mare of sucrose, deatrose, fruclose, maltose, lactose, com

syrup solids, dexlrins, sorbitol, isomall, inalutol, sylilol, eryihrilo! 2nd polydestrose.

- > Formatted: Bullets and Numbering

A method aceording to uny of cleims 13 w 21 wherein the proportion of glassy™

phasc material in the composition is in the range 15 to 25 w1 %.
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Please see 37 CFR 1.97 and 1.98 to make the appropriate selection(s):

That each item of information contained in the information disclosure statement was first cited in any communication
[ ] from a foreign patent office in a counterpart foreign application not more than three months prior to the filing of the
information disclosure statement. See 37 CFR 1.97(e)(1).

OR

That no item of information contained in the information disclosure statement was cited in a communication from a
foreign patent office in a counterpart foreign application, and, to the knowledge of the person signing the certification
after making reasonable inquiry, no item of information contained in the information disclosure statement was known to

[] any individual designated in 37 CFR 1.56(c) more than three months prior to the filing of the information disclosure
statement. See 37 CFR 1.97(e)(2).
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1.14. This collection is estimated to take 1 hour to complete, including gathering, preparing and submitting the completed
application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S.
Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND
FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria,
VA 22313-1450.
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the
attached form related to a patent application or patent. Accordingly, pursuant to the requirements of the Act, please be advised
that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited
is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark Office is to
process and/or examine your submission related to a patent application or patent. If you do not furnish the requested
information, the U.S. Patent and Trademark Office may not be able to process and/or examine your submission, which may
result in termination of proceedings or abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1.

The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act
(5 U.S.C. 552) and the Privacy Act (5 U.S.C. 552a). Records from this system of records may be disclosed to the
Department of Justice to determine whether the Freedom of Information Act requires disclosure of these record s.

A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a
court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of settlement
negotiations.

A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a
request involving an individual, to whom the record pertains, when the individual has requested assistance from the
Member with respect to the subject matter of the record.

A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for
the information in order to perform a contract. Recipients of information shall be required to comply with the
requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).

A record related to an International Application filed under the Patent Cooperation Treaty in this system of records
may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property Organization, pursuant
to the Patent Cooperation Treaty.

A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of
National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)).

A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or
his/her designee, during an inspection of records conducted by GSA as part of that agency's responsibility to
recommend improvements in records management practices and programs, under authority of 44 U.S.C. 2904 and
2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection of records for this
purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not be used to make
determinations about individuals.

A record from this system of records may be disclosed, as a routine use, to the public after either publication of
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record
may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed in
an application which became abandoned or in which the proceedings were terminated and which application is
referenced by either a published application, an application open to public inspections or an issued patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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CERTIFICATION STATEMENT

Please see 37 CFR 1.97 and 1.98 to make the appropriate selection(s):

That each item of information contained in the information disclosure statement was first cited in any communication
[ ] from a foreign patent office in a counterpart foreign application not more than three months prior to the filing of the
information disclosure statement. See 37 CFR 1.97(e)(1).

OR

That no item of information contained in the information disclosure statement was cited in a communication from a
foreign patent office in a counterpart foreign application, and, to the knowledge of the person signing the certification
after making reasonable inquiry, no item of information contained in the information disclosure statement was known to

[] any individual designated in 37 CFR 1.56(c) more than three months prior to the filing of the information disclosure
statement. See 37 CFR 1.97(e)(2).

[ ] See attached cerfification statement.
[] The fee set forth in 37 CFR 1.17 (p) has been submitted herewith.

A certification statement is not submitted herewith.
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This collection of information is required by 37 CFR 1.97 and 1.98. The information is required to obtain or retain a benefit by the
public which is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR
1.14. This collection is estimated to take 1 hour to complete, including gathering, preparing and submitting the completed
application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S.
Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND
FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria,
VA 22313-1450.
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the
attached form related to a patent application or patent. Accordingly, pursuant to the requirements of the Act, please be advised
that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited
is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark Office is to
process and/or examine your submission related to a patent application or patent. If you do not furnish the requested
information, the U.S. Patent and Trademark Office may not be able to process and/or examine your submission, which may
result in termination of proceedings or abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1.

The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act
(5 U.S.C. 552) and the Privacy Act (5 U.S.C. 552a). Records from this system of records may be disclosed to the
Department of Justice to determine whether the Freedom of Information Act requires disclosure of these record s.

A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a
court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of settlement
negotiations.

A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a
request involving an individual, to whom the record pertains, when the individual has requested assistance from the
Member with respect to the subject matter of the record.

A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for
the information in order to perform a contract. Recipients of information shall be required to comply with the
requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).

A record related to an International Application filed under the Patent Cooperation Treaty in this system of records
may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property Organization, pursuant
to the Patent Cooperation Treaty.

A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of
National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)).

A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or
his/her designee, during an inspection of records conducted by GSA as part of that agency's responsibility to
recommend improvements in records management practices and programs, under authority of 44 U.S.C. 2904 and
2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection of records for this
purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not be used to make
determinations about individuals.

A record from this system of records may be disclosed, as a routine use, to the public after either publication of
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record
may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed in
an application which became abandoned or in which the proceedings were terminated and which application is
referenced by either a published application, an application open to public inspections or an issued patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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We, SOCIETE DES PRODUITS NESTLE S.A., a Swiss
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of a standard patent for an invention entitled:-

"FLAVOURING COMPOSITIONS"

which is described in the accompanying Complete Specification.

P e Details of basic application:- 1~~~ -

g « a ‘ LC s ?

; e

ToLtt, . Number: 353,393 g p ;

, Lo !

- . aﬁ'r:.ea Countl‘y: U.S .A. ; Ll"l : ’ i
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' 1‘2 2”aem‘a ) :
g i SYDNEY. N.S.W. 2000. !
ﬁx 6&'00@. 4 . ! }
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COMMONWEALTH OF */JSTRALIA
PATENTS ACT, 1952-1973

DECLARATION IN SUPPORT OF A CONVENTION
APPLICATION FOR A PATENT

in support of the Convertion Application No. ... . . ... ~ made
by ®  8ociété des Produits Nestlé S.A.

(hereinafter referred to as “Applicant”) for a patent for an invention entitled:

i) IR 0 =" o) W ob § oo i o @) 11} eTT- T o Ko o F= NSO

o Andrzed W. LedzZION. .o
of @ .. En la Priauraz, 1807 BLONAY, Switzerland . . . . . .
do solemnly and sincerely declare as follows:

1. | am authorised by Applicant to make this declaration on its behalf.

2. The basic ‘Application(s) as defined by section 141 of the Act was/were

made in . the United States on the.lst...day of..March. ... 1952..
of 1ca on the.......day of. .. 19.....

by o) Jau Yann HSU

‘3. EETINTY = 16 BN 4= o U o W00 = £ O AN OO oSO OO

of. 21, Flax Hill Road.,. BRQOKELILRS. 6804 . Connecticit ..
U.S.A. S . is/are

the actual inventor(s) cf the invention and ,he facts upon which Applicant is entitled
to make the Application are as fcliows:
Applicant is the Assignec of the saia lnventor(s).

4. The basic Application(s) referred to in paragraph 2 of this Declaration
was/were the first Application(s) made in a Convention country in respect of the
invention, the subject of the Application.

DECLARED at... . NeVeay.. . SwitzeXrland . s i s et e

this.... 27th.iday of ...December. 1982

To THE COMMISSIONER OF PATENTS. —_—

i}
B,

SHELSTON WATERS
PATENT ATTORNEYS

53 CLARENCE STREET, SYDNEY

© T AUSTRALIA :

WNM - - €ables: ‘Valid’ SydneyTelex: 24422
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(57) Claim

- A flavouring composition characterised in that it compri~

.t Priority:
ses a mixture prepared - Lo
a) from 10 to 80 % by weight of a fermented vegetable juice . Seean
[ i . .
and from 20 to 90 % by weight of a hydrolysed protein - v u~Related Art:

based or the weight of the mixture or N
b) from 2 to B0 % by weight of a dehydrated fermented
vegetable and from 20 to 98 % by weight of a hydrolysed

protel. baseC on the weight of the mixture.
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Flavouring Compositions

The present invention relates to flavouring compositions
more particularly to mixtures containing fermented vegetables

and hydrolysed proteins.

Hydrolysed proteins which are used as flavouring agents may
be either chemically hydrolysed or enzymatically hydrolysed.
Chemically hydrolysed proteins do not have the fernnented
flavour characteristic of enzymatically hydrolysed proteins
because, unlike the latter, they do not contain alcohols,
sugars, lactic acid and acetic acid. In order to impart an
éppetizing sour note to hydrolysed plant protein, acidulants
such as lactic acid, acetic acid or citric acid are commonly
used. We have found, surprisingly, that by mixing fermented
vegetables (so0lid or juice) with chemically or enzymatically

hydrolysed proteins an appetizing sour note and a meat and

‘vegetable flavour is imparted thereto, this flavour enhancing

and modification effect being stronger and different from
that imparted by the regular acidulants. Moreover, the admix-
ture of fermenced vegetables with chemically hydrolysed
proteins creates fermented flavours similar to those of enzy-

matically hydrolysed proteins.

Accordingly, the present invention provides a flavouring

composition comprising a mixture prepared

a) from 10 to 80 % by weight of a fermented vegetable
juice and from 20 to 90 % by weight of a hydrolysed pro-
tein based on the weight of the mixture or

b} from 2 to 80 % by weight of a dehydrated fermented vegeta-
ble and from 20 to 98 % by weight of a hydrolysed protein

based on the weight of the mixture.

' In the flavouring compositions formed from either of the

mixtures a) and b) the hydrolysed protein may be in either
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liquid or rowder form.

The fermented vegetable may be any vegetable preserved by
lactic acid fermentation for example, fermented vegetables
prepéred from cabbage, cucumber, green tomato, red pepper,

mustard stem, mustard green, radish, turnip or sguash.

The hydrolysed protein may be of plant or animal origin and
may be a chemically or enzymatically hydrolysed protein. For
example, the hydrolysed protein may be a chemical hydrolysa-
te prepared from a plant or animal source, an autolysed yeast
extract from brewer's or baker's yeast, soy sauce from enzy-
matically degraded soy or soy and wheat mixtures, and meat
flavours based on hydrolysed proteins reacting with other

ingredients such as reducing sugars, thiamine or cysteine.

In one example of a fermented flavour prepared from a mixture
of type a), the flavouring composition may be a hydrolysed
protein liguid seasoning which comprises a mixture of fer-
mented vegetable juice and chemically hydrolysed protein
which is preferably in the form of a powder or paste. The
mixture preferably contains from 15 to 75 % and especially
from 20 to 70 % by weight of fermented vegetable juice, the
remainder being hvdrolysed protein. Optionally, other
ingredients such as salt and water may be added depending
on the desired fermented flavour intensity and saltiness.

If desired the fermented vegetable juice may be concentrated
or concentrated and dried before mixing with the chemically
hydrolysed protein. Alternatively, the fermented vegetable
juice and chemically hydrolysed protein may be dried, conve-
niently by spray-drying whereby only a small amount of the
volatile acids are lost, advantageously at a temperature of

from 85°C to 95°C, and used as a powdered flavouring agent.

In another example of a fermented flavour prepared from a
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mixture of type a), the flavouring composition may be a

liquid seasoning with a fermented soy sauce flavour characte-
ristic which comprises a mixture of fermented vegetable
juice and a reaction liquid formed by heating glucose and

5 water with a chemically hydrolysed protein containing chemi-
cally hydrolysed soy protein in an amount generally from 25
tc 75 % by weight of the total hydrolysed protein. The amount
of fermented vegetable juice in the mixture is conveniently
from 15 tb 60 % and especially from 20 to 50 % by weight

10 based on the weight of the composition, the remainder being
the chemicelly hydrolysed protein/glucose reaction ligquid.

PR Examples of fermented vegetable juices which may be used

are sauerkraut and fermented cucumber juices.

& ~wsx "7 15 In a flavour prepared from a mixture of type b) having meat,
Tesan vegetable or cooked acid properties, the flavouring composi-
r;“~: tion 1s preferably a powder which comprises a mixture of a

powdered dehydrated fermented vegetahle and either a powdered
hydrolysed protein or a powdered meat flavour based on hy-
20 drolysed protein. The protein may be chemically or enzymati-

R cally hydrolysed.

R The fermented vegetables used may be fermented mustard stem,

mustard green, cakbage, radish or pickled cucumber. The fer-

APPSR SR TR N TS SRR

25 mented veyetables are conveniently dehydrated by wvacuum

some drying, drum drying or hot air drying. Vacuum drying may be

conducted in shelf dryers. The fermentel vegetables may be

i

in normal or frozen condition and the drying temperature may
be.from‘70°c to 90°C under a vacuum of for example, from
30 25 mm to 30 mm Hg. In hot air or drum drying, the drying
temperature is preferably from 120°C to 150°C. Hot air drying
can be carried out in a tray o. a fluidised bed. Drum drying
G can be carried out under atmospheric or vacuum conditions.

The drying time depends on the moisture content which, after

drying, is preferably below 10 % by weight and especially

AR AR
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below 5 % by weight. Vacuum drying is preferred because of
the lower drying temperatures used which minimise the loss
of volatile acids. After drying, the vegetables may then be

ground into the powder which is preferably fine.

The hydrolysed protein may be a chemically hydrolysed pro-
tein from plant or animal sources, autolysed yeast extracts
from brewer's or baker's veast and soy sauce from enzymati-
cally degraded soy or soy and wheat mixtires. The protein

may be dried in a similar manner to the fermented vegetables.

The fermented vegetables and the hydrolysed proteins are
preferably dried separately and then mixed together to

form a meat/vegetable stock flavour ingredient. The amcunt
of dehydrated fermerted vegetable present is conveniently
from 5 to 65 % and preferably from 10 to 60 % by weight
based on the weight of the mixture, the remainder being the
I.ydrolysed protein. This flavour mixture may be rehydrated

with hot water to give an instant broth.

I. desired, however, the fermented vegetables and hydrolysed
pro.. :ins may be dried together to produce a cooked vegetable
flavour. The amount of dehydrated fermented vegetable pre-
sent in such a flavour may be from 5 to 65 % and preferably
from 10 to 60 % by weight based on the weight of the mixtu-
re, the remainder being the hydrolysed protein. This flavour
mixture may be rehydrated with hot water to give a cooked

acid/vegetable flavour that can be used in instant dishes.

The present invention also provides a powdered dehydrated

fermented vegetable which may be used as a flavouring agent.

The following Examples further illustrate the present inven~

‘tion. Parts are expressed by weight.
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-Example 3

Example 1

38 parts of powdered chemical hydrolysate were mixed with

62 parts sauerkraut juice and the mixture was spray-dried

in a Niro spray dryer {inlet temperature: 88-93°C., outlet
temperature: 32-35°C.). The spray dried powder had a natural
fermented flavour characteristic and the acid taste was also
stronger t?an that of chemical hydrolysate because of the

incorporation of lactic acid from juice to hydro.ysate as

indicated by the following analytical results (5 % solution):

Acidity pH
Chemical Hydrolysate Powder 5.94 % 5.2
Spray Dried Powder of Chemical .
Hydrolysate and Sauerkraut Juice 7.92 % 4.2

Example 2

10 parts of powdered soy chemical hydrolysate, 10 parts of
powdered wheat chemical hydrolysate, 3 parts of glucose and
4.6 parts of salt were heated with 28 parts of water at

80~85°C. for one hour. To this mixture were added 5 further

parts of powdered soy chemical hydrolysate, 5 further parts

-of powdered wheat chemical hydrolysate and 34.4 parts

sauerkraut juice. The resultant liquid had a fermented fla-

" vour characteristic similar to that of fermented soy sauce.

wigquid bottle seasoning was concentrated and vacuum dried
into powder form and 40 parts of this dehydrated bottle
seasoning was added to 60 parts of sauerkraut juice. Compa-

red with reguldr bottle seasoning, the powdered seasoning
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characteristic,

Example 4

Fermented mustard stem was dehydrated into dry form under

vacuum at 80°C for 3 hours until the moisture content was

below 5 %, and then ground into fine powder form. 50 parts
of this powder was added to 50 parts of powdered soy sauce
10 to give the flavouring mixture. When this mixture was

rehydrated with hot water, an instant broth was formed

which had a typical flavour characteristic of Oriental

- fermented vegetable/meat broth.

“asne” 15 Example 5 F 2

70 parts of sauerkraut {(solids and juice) was ground into

a fine paste and mixed with 30 parts of hydrolysed protein

PRI LT
o
oo
3

paste. This mixture was dehydrated under vacuum at 80°C for g
20 4 hours to give a dry form having a moisture content below

PRI 5 % and then ground to a fine powder. When this mixture was

B rehydrated with hot water a cooked acid/vegetable flavour

was produced which could be used in instant food dishes.

Example 6

Sauerkraut was dehydrated under vacuum at 80°C to a moisture
content below 5 %, 0.2 g of the dehydrated sauerkraut
(containing 12 % lactic acid) was added to 1.0 g hydrolysed
30 plant protein in 170 ml of hot water. The mixture had a
strong appetizing vegetable note.

In comparison, when a similar process was carried out but
using 0.2 g lactic acid powder (containing 22 % lactic acid)
insteaﬂ of the dehydrated sauerkraut, the flavour was weaker
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and not very different from hydrolysed plant protein. This
indicates that the flavouring effect of dehydrated fermented

vegetable is not contributed solely by its lactic acid
content.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:-

1. A flavouring composition characterised in that it compri-

ses 1 mixture prepared

a) from 10 to 80 % by weight of a fermented vegetable Jjuice
and from 20 to S0 % by weight of & hydrolysed protein
based on the weight of the mixture or

b) from 2 to 80 % by weight of a dehydrated fermented
vegetable and from 20 to 98 % by weight of a hydrolysed

protein based on the weight of the mixture.

2. A flavouring compcsition of type a) according to cleim 1
characterised in that it ccmprises a mixture containing

from 20 to 70 % by weight of fermented vegetable juice and
from 30 to 80 % by weight of chemically hydroclysed protein

powder or paste based on the weight of the mixture.

3. A flavouring composition of type a) according to claim 1
characterised in that the fermented vegetable juice and
chemically hydrolysed protein are dehydrated by spray drying
to give a powder.

4. A flavouring composition of type a) according to claim 1
characterised in that it comprises a mixture of fermented
vegetable juice and a reaction liquid formed by heating
glucose and water with a chemically hydrolysed protein

containing chemically hydrolysed soy protein in an amount '

from 25 to 75 % by weight of the total hydrolysed protein.

5. A flavouring composition according to claim 4 characteri-
sed in that the mixture contains from 20 to 50 % by weight
of fermented vegetable juilce and from 50 to 80 % by weight

of the reaction liquid based on the weight of the mixture.

6. A flavduring ¢omposition of type b) according to claim 1
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characterised in that it comprises a mixture of powdered
dehydrated fermented vegetable and either a powdered hydro-
lysed protein or a powdered meat flavour based on hydrolysed
protein, the protein being chemically or enzymatically
hydrolysed.

7. A flavouring composition according to claim 6 characteri-
sed in that the fermented vegetables and hydrolysed proteins
are dehyvdrated by vacuum drying.

8. A flavouring composition acerr2:iag to claim 6 or claim 7
characterised in that the fermented vegetables and the
hydrolysed proteins are dried separately and then mixed to
give a mixture containing from 5 to 65 % by weight of
dehydrated fermented vegetables and from 35 to 95 % by woight
of hydrolysed protein based on the weight of the mixture.

9. A flavouring cempesition eccording to claim 6 or claim °
characterised in that the fermented vegetables and the hydro-
lysed proteins are dried together to give a solid mixture
containing from 5 to 65 % by weight of dehydrated fermented
vegetables and from 35 to 95 % by weight of hydrolysed

proteins based on the weight of the mixture.

DATED this 4th day of JANUARY, 1983
SOCIETE DES PRODUITS NESTLE S.A.

Attorney: ROBERT C. SHELSTON .
£ ellow Institute of Patent Attorneys of Australis
of SHE! STON WATERS

280




ﬂ * Consurmer and Consarmmation
Corporale Affars Canada et Corporafions Canada

1l @ we. 1 162 699

{45) ISSUED 840221

{52) CcLass 402-221
C.R. CL., 403-58

3
(51} INT. CL., CO8J 9/00, CO08G 73/10

ooy cn CANADIAN PATENT 2

(54) METHODS OF PREPARING POLYIMIDES AND POLYIMIDE
PRECURSORS

{72) Gagliani, John;
Sorathia, Usman A.K.,
U.5.A.

(73) Granted to IML Corporation

U.S5.A.

(21} APPLICATION No. 383,853

(22) FILED 810813

{(30) PRIORITY DATE U.S.A. (186,670) 800912
No. OF CLAIMS 20

Canad'éi
DISTAIBUTED BY THE PATENT OFFIGE, OTTAWA.
CCA-274 [11-82)

IFFC00663808
281



1 R e R S 7T

SFSEE

Tigetny  FeBRLEe

ABSTRACT OF THE DISCLOSURE
Hathods ©f preparing polyimides and polyimlde
pretursors from liquid resins econtainlng tetracarboxylic

acid estecs and primary diamines which involve spray drying
. tha resin.
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METHODS OF PREPARING POLYIMIDES AND POLYIMIDE PRECURSORS
Our invention relates to polyimides and, more

particularly, to novel, improved methads for preparing poly=
iwmides and dry, particulate precursers which can be con-
verted into polymers of that character.

One class af polymers that 1s receiving increasing
attention as criteria far structural materials become more
demanding from a variety of viewpcints is the family of
compounds known as polyimides.

As a clasa, polyimides are extremely valuable
materials because of their cihemical inertness, strength,
and temperature resistance. There are also certain classes
proprietary polyimides which have such additional advan-
tages such as retention of strength and resiliency and
flexibility at cryogenic temperatures; resistance to
hydrolysis and ultraviclet degradation; capability of
undergoing oxidative degradation without generating toxic
products or smoke; a novel closed cell structure which
suits them for applications in which they are in contact
with moving parts; the capacity to be transformed into
porous fibers and other shapes and into rigid panels,
cushioning, thermal acocustical insulation and a host of
cther novel products. These polyimides are discleoged in,
inter alia, U.S. patents Nos. 3,506,583 issued April
14, 1970, to Boram et al; 3,726,831 and 3,726,834 issued
April 10, 1973, to Acle et al. and Acle, respectively;
4,070,312 issued January 24, 1978, to Gagliani et al; and
Re 30,213 issued Februnary 12, 1980, to Gagliani and in
U.8. Patent,No. 4,241,193 issued December 23, 1980 and
Canadian Patent No. 1,132,320 issued September 28, 1982
te Gagliani, and Canadian application Serial No. 385,181,
filed Septamber 3, 1581 by Gagliani. -

IFF000663810
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These proprietary polylmides are prepared by
reacting 3,3', 4,4'~benzophencnetetracarboxyllc acld or a
dianhydride of that acid with a lower alkyl alcchol to form
a half ester of the acid and then adding one or more
primary diamines to the half ester solution to form an
essentially monomeric precursor. Dielectrie, thermal, or
microwave heating is employed to convert the precursor to a
polyimide.,

The general model for the chemical reactions which
are affected in conwverting the precursor tc a polyimide are
shown below. The actual reactions are typically much more
complex depending upen the number of diamines in the
precursor.

(i) Esterification:

LELOH Ho— c:(] (j:c 0Et
o :Q——.: > ¥Hp0  EtH-C < -0

+NH2—Ar~NHg
HEAT

{(i1) Amidizaktion:

1
HN—'*C ] -—-OEl
fO--% C C-*-'NH Ar

Q n

—O

lHEAT

(iii) Imidization:

] l —1-+Hp0 +ELOH
lF
R
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The materlal existing after dissolution of the
diamines and the addition of any additives is what we term
a "liguid resin". The material may be used in that form.
However, in many cases——fér example in making polyimide
foams of the character described in reissue patent ¥No.
30,213--it is often advantageous to first convert the
precursor to a dry, particulate form. Ease of handling, as
an example, is one advantage of the dry precursors.

Typically, this has heretofore been accomplished
by heating the liguid resin in a cireulating air oven at
65.6 to 87.8%C (150 to 190°F) for 12-16 hours. This is
followed by drying in a vacuum oven at a temperature of
60.0 to 76.7°C (140 to 170°F) and an absolute pressure of
33.4 to 3.3 xPa (10 to 1.0 in. of Hg) for 60-120 minutes.
Thereafter, the dried material is crushed, pulvefized, and
sieved.

The foregoing technigque for converting the liquid
resin to a dry, particulate precurser is time consuming and
correspondingly expensive; the foams tend to be non-
nhomogeneous; and the results are often not reproducible.
Also, the time required for the drying steps makes it
impractical to manufacture the particulate powder by
continuous as opposed to batch-type processes. This is
also an important eccnomic drawback, especially in making
Precursors on a large scale.

We have now discovered that precursors of the
character just described and, typically, of superior
quality can be produced by employing a spray drying
technique to transform the liguid tetracarboxylic acid
ester/primary diamine resin into a dry powder. This
technigue has the additional advantage that, by varying a
single process parameter, the properties of the materials
into which the precurscors are converted, such as the load
deflection indentation of polyimide foams, can be optimized

for particular applications.
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In one bread aspect, the invention pertains to
a method of preparing a dry, foamable, particulate pre-
cursor which can be converted into a polyimide by heating
it. The method includes the steps of forming a primary
diamine, 3,3', 4,4'-benzeophenonetetracarboxylic acid
ester solution by dissclving one or more such diamines
and the aforesald acid or an anhydride thereof in a lower
alkyl alcchel, atomizing the solution, and drving the droplets
¢btained by atomizing the diamine, ester sclution with a
heated gas.

The invantion further pertains to a method of
preparing a polyimide which includes the steps of forming a
half ester of 3,3', 4,4'-benzophencnetetracarboxylic acid
by reacting the acid or an anhydride thereof with a lower
alkyl alcohol, dissolving one or more primary diamines
in the half ester, alcohol sclution, spray drying the material
thus formed to convert it into a dry particulate polvimide
precursor, and converting the precursor to a polyimide by
heating it.

Exemplary of the polyimides which can be prepared
to advantage by the use of spray drying in accord with the
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principles of the present invention to make the precursors
are the copolymers described in U.S. Reissue patent No.
30,213 and the terpolymers described in Canadian Patent
Application Serial Neo. 385,181, filed September 3, 1981.
The patented copolymers are derived from precur-
sors which, in their preferred forms, are essentially
equimclar mixtures of a lower alkyl half ester of 3,3',
4,4' =-benzophenonetetracarboxylic acld and two diamines.
One of the diamines is a heterocyclic diamine, and the
other is an aromatic meta- or para-substituted diamine

which 1s free of aliphatic moieties. A ratio of 0.4 to 0.6

mele of heterocyclic diamine per mole of 3,3',4,4'-benzo-
phenonetetracarboxylic acid ester 1s preferred as this
results in foams with optimal mechanical properties.
However, as will become apparent herelnafter, precursors
having a heterccyclic diamine/acid ester ratio of 0.3 have
also successfully been emploved.

The terpolyimides described in Canadian Application
Serial No. 385,18l differ chemically from the copolyimides

just described in that they are made from precursors wWhich
include an aliphatic diamine in addition to the aromatic
and heterocyclic diamines employed in the copelyimide
precursors.

From 0.05 to 0.3 mole of aliphatic diamine per 1.0

mole of benzophenonetetracarboxylic acid ester can be
employed, and from 0.1 to 0.3 mole of heterocyclic diamine
per mole of acid can be used.

Exemplary of the aromatic and heterccyclic

diamines that can be employed in the just described copolyi-

mides and terpeolyimides are:
2,6~diaminopyridine
J,5~diaminopyridine
3,3'-diaminodiphenyl sulfone
4,4'~diaminodiphenyl sulfone
4,4'-diaminodiphenyl sulfide
3,3'-diaminodiphenyl ether
4,4'-diamincdiphenyl ether
meta-phenylene diamine
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para-phenylene diamine
p,p’~methylene dianiiine
2,6-diamine toluens
2,4-dizamino toluene

Many other aromatic and heterccyclic diamines have
been described in the copen and patent literature dealing
with the making of polyimides-~-see, for example, U.S.
Patents Nos. 3,179,614 issued April 20, 1965, to Edwards:
3,575,891 issued Apxil 20, 1971, to LeBlanc et al; and
3,629,180 issued December 21, 1971, to Yoda et al. Aro-~
matic and heterocyeclic diamines selected from those listed
in the literature can also be utilized in copolyimides and
terpolyimides of the character described above.

Aliphatic diamines having from three to 12 c¢arbon
atoms have been emploved in the terpolyimigdes. However,
diamines having no more than six carbon atoms will
typically prove preferable. Also, aliphatic dlamines with
even numper chains are preferred.

Aliphatic diamines we have used includes:.. ..

1,3~-diaminopropane

1,4-diaminobutane

l,6~diaminohexane

l,8~diamincoctane

1,12-diamincdodecane
and Jef famine T 230. The latter is availlable from the
Jefferson Chemlcal Company and has the formula:

— e

H3

HoN

a——— 0 I
o —— O ~—%
o
n— o
@ v ) — 02
[ 8]

H3

where x 1s approximately 2.6.
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As discussed briefly above, the precursors of the
polyimides with which we are concerned are prepared by
first reacting 3,3', 4,4'-benzophencnetetracarboxylic acid
or, preferably, its dianhydride with an esterfication agent
to form an alkyl diester. Exemplary esterfication agents
are methyl, ethyl, propyl, and isopreopyl alcchols.

Methanel is in many cases preferred because of its
widespread availability, low cost, and other attributes;
because its use facilitates conversion of the precursor to
a polyimide foam which is important in applications
involving the manufacture of that type of material; and
because the foams made from the methyl esters tend to be
more flexible, resilient, and compression set resistant.

Ethanol is also a preferred esterfication agent.

The esterification reaction is followed by the
addition of the diamine or diamines, which are dissolved in
the reaction mixture. The temperature is kept below the
reflux temperature of the esterfication agent during dis-
solution of the diamines and low encugh to avoid polymeri-
zation of the diamines and ester.

Graphlite, glass, and other fibers as well as other
fillers such as glass micreballoons and additives such as
cross~linking agents can be added to the resulting composi-
tion to impart wanted properties to the final product. A
surfactant can also be added to increase fatigue resistance
of the terpolyimide foam and to make it more £lexible and
resilient by increasing the bubble stability of the foam
and the uniformity of the cellular structure.

One preferred surfactant is FS-B8, a nonionic,
fluorinated, peclyalkylene copolymer manufactured by E. I.
DuPont de Nemours and Company.

Other surfactants that have been successfully
employed are FS-C, a nonicnile surfactant of the same
general chemical compesition as FS-B and manufactured by
the same company, and L-530, L-3410, and L-5430, which are
silicone surfactants manufactured by Union Carbide Company.

We employ from 0.0l to 1 percent of surfactant based on the

weight cf the ester and diamine constituents.
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The liquid resin existing after dissolution of the
diamines and the addition of any additives is transformed
by spray drying in accordlwith the principles of the pre-
sent invention into an amorphous, dry powder which is an
egsentially unpolymerized resinoid of one or more
benzophenonetetracarboxylic acid half esters and one or
more diamines (preliminary tests of one copolyimide
precursor of the type described above, for example
indicated that the precursor had a chain length of about 20
to 30 molecules),

The amophorcous, powdered, resinoid precursor can
be converted into a monolithic, polyimide foam by various
techniques including dielectric, thermal, and microwave
heating. The latter, alone or with a thermal post-cure, is
preferred because of -the speed with which the foam can bhe
developed and cured:; because the foam i3 homogenescusly
heated; and because handling of the fragile, uncured foam
can be avoided.

Microwave techniques and eguipment that can be
used to feoam and cure the precursor are disclosed in U.S.
Patent No. 4,305,796 issued December 15, 1981.

Foaming-curing parameters that have proven satis-
factory in converting 100 gram samples of representative
precursors to flexible, resilient foams arce two to 12
minutes exposure to high frequency radiation in an oven
operating at a frequency of 2450 MHZ and at S5KW power
followed by thermal heating at & temperature of 500-550°F
far 15 minutes to two hours.

The resulting foam can be employed as such -~ in a
seat cushion or as insulation, for example. Or, using the
procedure described@ in U.S. Patent 4,241,193 as a further
example, the flexible, resilient polyimide foam can be
converted to a dense, rigid, structurally strong,
intumescent material by heating it under pressure. The
foam can also be comminuted and used as a malding powder as
described in patent No. 3,726,834.
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From the foregoing it will be apparent to the
reader that the primary aspect of the presant lnvention
resides in the provision of novel, improved methods of manu-—
facturing polyimides and thetr pregursers.

A related, also important and primary aspect .of
our ipvention resides in the provision of novel, improved
processes for producing pelyimide precurscrs in a dry
particulate form from fluild mixtures of benzophencnetetra-
carboxylic acid esters and primary diamines.

Related, also important but more specific.aspects
of our invention reside in the provision of methods for pre-
paring such polyimide precursors:

which can be carried out on a continuous as
opposed to batch-type basis;

which make the preparation of the precursors
relatively inexpensive;

which afford ready control aver the mechanical
properties of the polyimides into which the precursors are
converted;

which are useful in preparing a wide variaty of
precursors of the character indentified abowve;

in which spray drying is employed to eliminate
volatiles from the material being processed.

Other important aspects and Eeatures and
additional advantages of ocur invention will become apparent
from the appended claims and as the ensuing detailed
description and discussion of our invention proceeds in
conjunction with the accompanying drawing in which:

Figure 1 is a schematic illustration of spray
drying apparatus for transforming a £luid mixture intc a
dry, particulate polyimide precursor in accord with the
principles of the present invention;

Pigure 2 is a schematic illustration cf the
operations in the reactor of the spray drying apparatus;
and

Figure 3 shows, graphically, the effect on the
precursoyr of certain variations in the spray drying
process.,
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Referring now to the drawing, Figures 1 and 2
depict an exemplary spray drying system 20 for preparing
powdered polyimide pfecursors in accord with the principles
of the present invention.

For the most part, the components cf system 20 are
of conventional, commercially available ¢onsStruction. For
that reason and because the details of the spray drying
system are not pact of the present invention, that systen
will be described herein only to the extent necessary for
an understanding of the present invention.

The major components of system 20 include a Nire
Moblle Minor reactor or spray dryer 22 mounted on a stand
24, Ligquid resin feedstock flows to the spray dryer from a
reservoir 26 through a valve 28 which can be adjusted to
control the rate of flow.

Dry powder produced in spray dryer 22 migrates to
the bottom of the dryer and is kept from sticking to the
interior of spray dryer casing 30 by a timed impact
vibrator 32 mounted on stand 24.

The dry powder flows through an offtake conduit 34
into a ¢cyclene separator 36 where the powdered precurser is
geparated from air and evolved volatiles in which it is
entrained and collected in a container 38,

Aside from the components just described, spray
drying system 20 includes a schematically illustrated
system 40 for supporting and shifting centainer 38, a
contrel panel 42, and thermometers or other instruments
{not shown) for measuring the temperature at the inlet 44
and cutlet 46 cf spray dryer 22 {see alsc Figure 2).

As shown in Figure 2, the ligquid resin introduced
into spray dryer 22 through feedstock conduit 48 is
converted into an annular spray of droplets by a rotating
wheel-type atomizer 50. These droplets are entrained in a
swirling annulus of heated air as they are formed. The aiz
flows radially inward into spray dryer 22 through a ceiling
air disperser 52 at the top of the spray dryer and then
downwardly around the rotating wheel 58 of atomizer 50,
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Tke air 1is preferably supplied at constant
pressure because variations in air pressure can cause
fluctuations in the speed of wheel 50; and this will effect
the characteristics of the drv, particulate precursor and
the pelyimide into which it is converted as will be
discussed hereinaiter.

The interaction between the heated air and the
drops of liquid resin shown in Figure 2 result in the drops
being almost instantaneocusly dried. The resulting
particles, entrained in the heated air and the solvent
evolved from them, migrate downwardly to the lower end of
spray dryer 22 and are discharged from the spray dryer
through previously mentioned offtake conduit 34.

Because the evaporation of sgolvent from the liquid
resin is accompanied by ccoling of the droplets and because
of the short residence time of the resin in the reactor,
overheating of the pregursor can be avoided; and more
precise contrel over the drying process can be exerciseqd
than was possible using the prior art technique described
above.

The system 20 illustrated in the drawing and just
described is capable of producing dry, particulate poly-
imide precursors on a continuous basis, virtually without
operater attention.

That our novel process for producing dry, parti-
culate, polyimide precurscrs is highly efficacious was
demonstrated by making such precurscrs in the spray drying
apparatus described above from a liguid feedstock of the
character with which we are concerned.

The feedstock was prepared by adding 3,3',
4,4'~benzophencnetetracarboxylic acid dianhydride
(322.23 g, 1.0 mole) to 240 ml of methyl alcohol and 24 ml
of H»0 1in a one~liter, three neck flask equipped with a
thermometer, a mechanical stirrer and a reflux condenser.
After addition, the mixture was heated and refluxed until
clear. The mixture was then refluxed for an additional 60
minutes to ensure complete esterification of the acid to
its half ester.
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The reaction mixture was then ccoled tc 40-50°C
{104-122°F),

2,6 Diaminopyridine {32.8 g, 0.3 maole) ana
p~p'methylene dianiline (138.7 g, 0.7 mole) were added to
the balf ester soluticn, and the mixture was heated to
60-65°C (140-~149°F} for five minutes,

FS5-C surfactant was next added to the mixture in
an amount of 0.)l psrcent based on the weight of the methyl
halZ ester and the diamines.

The preparation of the liquid resin feecdstock was
completed by diluting the mixture with methyl alcchol in a
ratio of 100 parts of half ester, dlamines, and surfactant
to 20 parts of alcohol {20 phr).

Next, the reactor was heated to temperatures of
100, 110, 12Q, or 12C°C and the feedstock metered into the
dryer. The feed rate was adjusted as necessary to keep the
ountlet temperature in a narrow range varying from 70-30 to
80~86,5°C depending upon the run.

The dried powder was collected, sisved through a
No. 48 Tyler mesh screen {297 micron diameter openings) and
rolled Eor 10 minutes in a round plastic bottle to
eliminate lumps.

The precursors thus obtained were converted to
polyimide foams by using a Gerling Moore Batch Cavity Model
4115 micrewave oven operating at a frequency of 2450 MHz
and a power 5 KW.

The precursor was laid on a substrate, placed in
the microwave cavity at room temperature, and exposed to
the high frequency radiation for 2 to 12 minutes. The foam
thus prcduced was then further processed {(or cured} by
heating it at 287.7°C for 15 to 30 minutes in a circulating
air oven.

Resiliency, density, and quality of the foam were
measured. Resilieney was determined by the ball rebound
method described in ASTM Standard D~1564, Suffix B, using a
tester fabricated and calibrated by that procedure.

The results of the tests are summarized in
Table 1.
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The tabulated data demonstraze the importance of
the spray drying parameters. For the particular chemical
system invelved in the tests, for example, spray dryer
irlet temperatures of 100-110°C produced superior results.

The datz summarized in Table 1 show that a more
than thnree-to-one variation in the density of the polyimide
product can be obtained by only mederate variations inm the
spray dryer cutlet temperature. The data furthermore show
that, within this range, the ocutlet temperature his a
marked influence on the yielé of both the precursor and the
final product and on the quality of the latter.

Dryer cutlet temperature is particularly important
because of its direct influence on the volatiles content of
the particulate precursor. Volatiles content increases
with decreases In spray dryer outlet temperature and vice
versa.

The volatiles content of the particulate precursor
is the most important factor in the foaming of the precur-
sor and, therefore, in the properties of the polyinide
foam. Precursors with nigher volatiles content proeduce
foams with more open and larger cellular structures and
lewer density. Conversesly, those precursors of lower
volatiles content produce fpams with less open, smaller
cells and higher density.
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Density of the polyimide foam is important because
most physical properties of a polymeric foam approach a
straight-line relationship to density. Among the important
properties of which this is true are indentation load
deflection and compressicn sat.

Indentation load deflection (ILD) is a measure of
the force reguired tc compress a polymeric foam to a
specified percentage of its original thickness. ILD is
accordingly indicative of the softness or seatability of a
foam,

Compression set 1s the permanent deformation
cobtained by subijecting a foam to a specified compressive
stress (load and time}. Compressive set is also indicative
of the seatability of a foam and, in addition, is a measure
of its durability.

The data in Table 1 show the substantial effect
that spray dryer outlet temperature conseguently has on ILD
and compression set,

The data further show that, when correlated with
the spray dryer or reactor inlet temperature, spray dryer
ocutlet temperature can be so controlled as to simulta-
neously optimize yield and foam quality and produce optimum
cellular structure.

To further demonstrate that spray dryer outlet
temperature is consequential, that variations in that
parameter can be utilized to control the properties of the
polyimide product intc which the precursor is converted,
and that our process is equally useful in making precursors
for other polyimides, terpclymers of the character
identified above were prepared by forming the methyl half
ester of 3,3', 4,4'-benzophenonetetracarboxylic acid in the
manner described above. The half ester solution was cooled
to 25~35°C (77-95°F) and 2,6 diaminopyridine (32.8 g, 0.3
mole and p~p'-methylene dianiline {99.1 g, 0.5 mole) were
added and the contents of the flask mixed for 15 minutes.
1,6 pDiaminchexane (23.7 g, 0.2 mole) wacs then added at a
slow enough rate tc keep the reaction temperature from
exceeding B5°C (l40°F),
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FS~C surfactant (0.1 welght percent} was added to
the mixture, the latter diluted with 30 phr of methyl
alcohol, and the resulting liguid resin feedstock spray
dried in the same reactor operated at an inlet temperature
of 100°C and outlet temperatures in the range of 58-63 to
75~80°F. The outlet temperature was again controlled by
regulating the rate-~of~flow of the feedstock through the
reactor or spray dryer.

The dry powder was processed and converted toc a
polyimide foam as described above, and various parameters
which this test was designed to characterize were measured.
The results of this series of tests are tabulated in the
following table {Table 2).
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TABLE 2

Iwer QUTLET DENSITY

AW | PERGUE | TR | O U0 | e pReciRscR | EM 11D

10, () ) |k Toe/h| VOUATILE CONIRNY | ROUGH CUP (ky/m | lbe/ft?| TOPE OF FO

45-62 00 . 56+63 wet powder - 10 1.2 0.45 | Bxcessive
Reticulation

68=78 100 63-67 2.9 6.4 A4 82 0.2 0.64 | Good, Moderate
Feticulation

17-87 100 6-10 23 5.0 20,7 65 0.0 1,25 | Good. Some

: Reticulation

70-80 100 0-75 L7 18 1.2 4 .12 1,39 | Fair, Stristions
present

46-63 100 1580 0.64 14 19,0 3% 5.6 1.60 | Peor, Rall of
wids
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The effect of dryer outlet temperature on yleld of
precurscr and terpolyimide foam, on foam density, and on
the character of the foam are all noteworthy.

The foregeoing, and other saries of tests, also
demonstrated that atomizer speed is an important parameter
in the practice of our invention, that it has a pronounced
effect on -particle size, and that precursor particle size
has a marked effect on the properties of the polyimide foam
intc which it is converted.

Crne set of tests in which this was demcnstrated
invelved spray dryer system 20 and a ligquid terpolyimide
resin containing 3,3', 4,4'-benzophencnetetracarboxylic
acid methyl ester, 2,6-diamino pyridine, p,p'-methylene
dianiline, and 1,3-diamino propane in a mole ratio of 1.0:
0.3z 0.6: D.1 with & 30 phr dilution ration of methanel.

Atomizer speeds below 30,000 rpm proved unsatis-
factory because of incomplete atomization of the liguid
resin and consequent generatlion of a wet powder.

Speeds of 37,000 and 40,000 rpm similarly proved
unsatisfactory. This produced procursors with small
particle sizes, and these yielded polyimide foams with
flaws and unwantéd, rigid, e¢ellular structures.

Atomizer speeds in the range of 32,000-35,000 rpm

followed by screening’ through a.24 Tyler mesh ‘screen

produced precursors which could be converted into high
quality foams with good mechanlcal properties.

These tests also demenstrated that grinding to
reduce the size of large particles can prove unsatlisfactory
because of the large proportion of fines this generates.

Exemplary particle size digtributions obtained in
the tests under discussion are shown in Figure 3. Curve 50
shows that operation of the atomizer in the preferred
32,000-35,000 rpm range prcduced an optimum particle size
distribution. Curves 62 and 64 show that precursors
prepared by operating the atomlzer at a slower speed and by
employing grinding had much less useful particle size
distributions,
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Other results of exemplary tests in the series
just described are tabulated below.

TABLE 3

Indentation Load Deflection

Maximum Particle Foam
Size 25% 65% Qualicy
Tyler Mesh (microns) N (1bf} N (1bf}
#24 (707) 138 38 534 120 | Good Cellular]
Structure
#48 (297) 245 55 1076 242 | Rigid Struc~
ture
Pulverized 267 60 1054 237 | Rigid Struc-
ture large
1 flaws
(€297 microns) 3

The tabulated data make it clear that, by vittue
of its effect on the particle size of the precursor, the
operating speed of the atomizer has a marked effect on
indentation load deflection as well as the guality of the
pelyimide foam. ‘

The foams identified in Table 3 were ‘produced by
foaming and curing the precursor on TEFLON™ coated glass
(type 7267/114) in a 15KW microwave oven using a powder
loading of 15KG (33 pounds) at a thickness of 6.35 em (2.5
inches).

The "pulverized” precursor was produced in a
Pulvette bench model grinder.

The invention may be embodied in other specific
forms without departing from the spirit or essential char-
acteriatics thereof. The present embodiments are theriore
to be considered in all respacts as illustrative and not
restrictive, the scope of tha invention being indicated by
the appended claims rather ‘than by the foregoing descrip-
tion; and all changes which come within the meaning and
tange of eguivalency of the claims are therefore intended
to be embraced therein.
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What 1s claimed is:

1. A method of preparing a dry, foamable,
particulate precursor which can be converted into a
polyinide by heating it, said method comprising the steps
of: forming a primary diamine, 3,3', 4,4'-benzophencone-
tetracarboxylic acid ester soiution by dissolving one or
more such diamines and the aforesald acid or an anhydride
thereof in a lower alkyl alcohol, atomizing said selution,
and drying the droplets abtained by atomizing the diamine,
estar solution with a heated gas.

2. A method of preparing a polyimide precursor as

- defined ip Claim 1 in which the atomized droplets of

diamine, ester solution are dried in a chamber having an
inlet and an outlet for a heated gas and in which the inlet
temperature of said gas ls maintained in the range of
100~110°C and the outlet temperéture}thereof ia limited to
a maximum of 80°C.

3. A method of preparing a polyimide precursor as
defined in Claim 1 wherein the outlet temperature of said
gas 1s controlled by regulating the rate of feed of the
diamine, ester solution to the chamber in which it is
dried.

4, A method of preparing a polyimide precursor as
defined in Claim 1 wherein the gas with which the atomized
droplets of the dlamine, ester solution are dried is intro-
duced into said chamber around, and in entraining relation-
ship with, said droplets.

5. A method of preparing a polyimide preacursor as
defined in Claim 1 wherein said diamine, ester solution is
diluted with from 20 to 30 parts of alkyl alcohol per 100
parts of solution prior to atomizing said solution.

6. A method of preparing a polyimide precursor as
defined in Claim 1 wherein atomization of the diamine,
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ester solution is effected with a votary type atomizer and
wherein the atomizer 15 operated at a speed in the range of

*

7. A methcd of preparing a polyimide precursor as
defined in Claim 1l wherein the dried particulate material
is screened through a 24-48 mesh (Tylar) screen to generate
a lump-free powder of sufficiently large‘particlgjsize te
be processable into. a polyimide foam with a relatively
homogeneous cellular structure.

8. A method of preparing a polyimide which
includes the steps of making a precursor by a process as
defined in;Giaiﬁﬁﬁiéﬁi'%@?2=§fféiéihﬁ3; and -converting
the precursor to a polyimide by the application of heat.

9. A method of preparing a polylmide which
includes the stéps of: _ 7

.forming a half ester of 3,3', 4,4'-benzophencne-
tetracarboxylic acid by reacting sald acid or an anhydride
thereof with a lower alkyl alcohol;

dissolving one or more primary diamines in the
half estar, alcchol sclution;

spray drying the material thus formed to convert
it into a dry particulate polyimide precursor; and

convarting the precurscr to a polyimide by heating
it.

10. A method of preparing a polyimide as defined
in Claim 9 in which the diamine, ester salution also
includes a surface active agent in an amount ranging from
0.0l to 1 percent based on the weight of the ester and
diamine or diamines.

1l. A method of preparing a polyimide as defined

in Claim 9 wherein the 3,3', 4,4'-benzophenonetetracacboxy-
lic acid ester and the dlamine constituent are present in
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said diamine, ester solution in amounts such that the imide
forming functionalities are substantially eguimolar.

12. A method of preparing a polyimide as defined
in Claim 9 in which the diamine, ester solution contains a
plurality of diamines, one of said diamines being hetero-
cyclic and having nitrogen in the ring, another of said
diamines beinhg a para- or meta-substituted aromatic diamine
which is free of aliphatic meieties, and any additional
diamine being either a hetercocyclic or an aromatic diamine
as aforesaid.

13. A method cof preparing a polyimide as defined
in Claim 12 wherein sald heterocyclic diamine is present in
said solotion in a ratio of 0.4 to 0.6 mole of dlamine per

mole of 3,3', 4,4'~benzophenonetetracarboxylic acid ester.
D Y

l14. A method of preparing a polyimide as defined
in Claim 9 wherein the diamine, ester solution contains at
least three diamines, one of said diamines being hetero-
cyclic and having nitrogen in the ring, another of said
diamines being a para~ or meta-substituted aromatic diamine
which is free of aliphatic moieties, and a thixd of said
dlamines being aliphatic.

15. A method of preparing a polyimide as defined
in Claim 14 in which the diamine, ester solution contains
from 0,05 to 0.3 mole of aliphatiec diamine and freom (.1 to
0.3 mole of heterocyclic diamine per mole of 3,3', 4'4-~hen-
zophenonetetracarboxylic acid ester.

16, A method of preparing a polyimide as defined
in Claim 14 wherein the aliphatic diamine in the diamine
solution has from three to twelve carbon atoms.

17. A method of preparing a polyimide as defined

in Claim 14 wherein the aliphatic diamine in the diamine,
ester golution has the formula
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where x is on the order of 2.6.

18. A method of preparing a polyimide as defined
in either of the preceding Claims 12 or 14 wherein the
heterocyclic and aromatic diamines are selected from the
group consisting of:

2,6-diaminopyridine

B,S—diaminopyridine

3,3'-diaminodipheﬁyl sulfcne

4,4'—diamincdiphen§1 sulfone .

4,4’-diaminodiphenyl sulfide

3,3'-diaminodiphenyl ether

4,4'-diamincdiphenyl ether

meta-phenylene diamine

para-phenylene diamine

pPrp'-methylene dianilipe

2,6=diamino toluene

2,4=-dlamine toluene

19. A method of preparing a polyimide which
includes the steps of making a precursor by a process as
def ined in Claim 4 or Claim 5 and converting the precursor
to a polyimide by the application of heat.

20. A.method of preparing a polyimide which
includes the steps of making a precursor by a process as
defined in Claim 6 or ¢laim 7 and converting the precursor
to a polyimide by the application of heat.

*
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BUTTER FLAVORED GRANUTES

ABSTRACT QOF THE DISCLOSURE

Granyles having natural butter flavor are prowvided,
the granules being formed of a carrier such as maltpdext;in, a
small amount of a fat such as a vegetable oil, and enzyme modifjed
butter oil, with or without, but preferably with a water scluble
butter flaver compoeonent. The granules may include salt to taste,
if desired and may also include an emulsifier. The granules of
the invention are very low in calorieg, have a high intensity
hutter flavor, have no cholesterol and dissolve instantly‘upon

contact with wet and hot foods to provide the flaver and mouthfeel

of butter.

310

IFFO00658566



BACKGROUND OF THE TINVENTION

Butter is a very pcpular food made of butter fat oxr
cream, milk solids, and natural coloring, and may alsc contain
salt. The fat content of butter is usually about 80%.

Although butter is very high in cholesterol, containing
about 220mg cholestercl/L00g, and wvery high in calories, maore
than 700 calories/100g, butter is nevertheless an extremely popular
product. The popularity of butter is mainly due to its unique
and characteristic flavor which is the basis for its wide accept-
ance and utilization as an ingredient in food products. Heallth
experks have recommended the elimination from or reduction of
butter in the diet in order to reduce and control the ingestion
of cholesterocl. This is due to high cholasterol diets having
been associated with increased incidénce in heart disease,

Physicians have also recommended the elimination or
reduction of butter from the diet because of the high caloric
content.

The art has recognized the need for a product having
£he Ltypical and chafacteristic flavor of butter but without the
chelestercol and the high caleoric content of brtter. U.S. Patent
No. 3,653,921 of Buhler, et al. describes a method for preparing
a butter flavor compositicon consisting of lipolyzed butter oil.
The product of this patent provides a highly effective substitute
for the flavor of butter. However, the product is best used by
first mixing with hot water prior to use.

In U.S. Patent No., 4,414,229, Bakal, eg al. describe
a process for the preparation of a spread having natural butter
flavor. The butter Llavor spread of this patent provides highly
effective butter flavor in the form of a spread and is substan-

tially free of cholesterol but does provide a higher caloric con-

“1- e
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tenlt L[han does the butter flavor composition of U.S. Patent No.

3,653,921,
SUMMARY OF THE INVENTION

It is accordingly a primary object of the present inven-
tion to provide a composition which can easily be used without
first being mixed with water and which provides both natural buotter
flavor and the mouthfeel of butter without the high cholasterol
and high caleoric ceontent of butter.

It is yet another object of the presenl invenkicn to
provide butter flavored granules which can be simply sprinkled
on hot, moist foods to provide natural butter flavor without
cholesterol and with very little caloric content.

It is yet a further object of thé present invention
to provide a method of preoducing the butter flavored granules.

Other objects and advantages of ths pregent invention
will be apparent from a further reading of the specification and
of the appended claims.

With the above and other objects in view, ths present
invention mainly comprises a granulated product formed of a small
amount of fat, maltodextrin having a low DE (dextrosc eguivalent),
the DE bsing less than 5, @ bullter [lavor component consisting
at least of an oil soluble component and preferably also including
a water soluble component, and an inert carrier which may be malto-
dextrin of a higher DE. The preduct may alsco include sallt to
taste.

In accordance with a preferred embodiment of the inven-

IFF000658568
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tion, the amount of fat is betwsen 1 and 20% by weight of the
composition, preferably 5-20% by weight. The fat is most prefer-
ably a vegetable oil,

The amount of.salt is preferably between about 1-10%
by weight.

The amount of low DE maltodextrin is preferably belbween
about 1-10% by weight, the DE thereof being preferably less Lhan
5. Most preferably this maltodextrin is derived from potato.

The butter flavor component, which as indicated abaove
consists at least of an o0il soluble component and preferably alsao
includes a water soluble component, i1s preferably present in an
amount of about 0.05-10% by weight, most preferably bhetween about
1-5% by weight. Aall percentages by welght are of the final product
on a dry solids basis.

The 0il soluble component of the butter flavor component
may be an enzyme modified butter cil (EMBO) or lipolyzed butter
cil (LBO).

EMBO or LBO is obtained by incubating either milk fat,
derived directly from whole Ailk, or butter oil derived from butter
with a lipase (esterase) enzyme as described, for example, in
U.5. Patent No. 2,754,743, During the incubation periocd the enzyme
system catalytically releases fatty acids from the butter Ffat
and results in certain end products. Specific action of the lipase
system releasesrvolatile, flavorful, fatty acids including butyric,
caproic, caprylic and capric acids in much greater molar concen-
trations than, but together with, long chain fatty acids. To
control the flavor devaelopment in the finished product, the system
is heated to completsly destroy the enzyme activity and to reduce

the bacterial counts to very low levels.
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The water socoluble component consists of distillates
from butter or cultured milk. This product, also known as starter
distillate, is the mixture of flavor compounds distilled from
butter or cultured milk. It contains the flavor compounds which
are volatile with water at 212°F. While the major component of
starter distillate is diacetyl, the starter distillate as a whole,
however, gives a flavor which is much more pleasant than that
of synthetic diacetyl because of the presence of other flavor
substances produced by the bacteria used in culturing the milk.
Starter distillate is obrtainable commercially as “starter
distillate™.

The water soluble butter flavor component is used in
the compositicn of the present invention in an amount cf up to
12 by weight of the final product, and preferably in an amount
of 0.05-0.5% of the final product on the dry solids basis,

The above mentioned components are mixed with an inert
carrier such as dextriﬂs, whey sclids, corn syrup solids and the
like. The most preferred inert carrier is maltodextrin, namely
maltodextrins with a DE of between 10 and 20.

The preferred ranges of components of the compositions
of the present invention are set forth below:

Percent By Weight

Low DE potatc maltodextrin 1-10; pref. 2-8
{less than 5 DE)
Vegetable oil 1-20; pref. 5-10C
Salt 0-10; pref. 1-3
EMBO 0.5-10; pref. 1-5
Water soluble butter flavor D.0-1.0; pref, 0.05-0.5
component (starter distillate)
Emulsifier (lecithin} 0-1.0; pref. 0.01-0.05
Maltodextrin (10 DE-20 DE) g.s. 100%

—4-
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The preferred process for making the product of the
invention consists in first preparing a 50-~60% solids emulsion,
heating the emulsion to between about 120-160°F, and passing ths
emulsion through a homogenizer to form a stable emulsion. This
emulsion is then conveyed to a spray tower sguipped with pressure
nozzles and with the provision for the introduction of an inert
gas such as nitrogen or carbon dioxide (preferably carbon dioxide).
The emulsion is then sprayed by means of the inert gas at an exit
alir temperature at the spray tower of preferably about 210°F and
utilizing a carbon dioxide pressure of 15 psig.

The resulting dry product has a bulk density of betwean
20 and 35g9/100cc and preferably between 22 and 30g/100cc. The
final product exhibits the following characteristics:

1. It has only 4 calories/gram yet has the flavor inten=zity of
about 10g of butter, for over 94% savings in calories.

2. It has no cholesterocl.

3. 1t has the natural flavor of butter.

4. It dissolves instantly upon contact with wet and hot foods,
thus providing not only the flavor but alsc the mouthfeel
of butter,

5. It has an extended shelf-1life and is extrcmely stable to oxida-

tion.

DESCRIPTION OF PREFERRED EMBEODIMENTS

The following examples are given to further illustrate
the present invention,. The scope of the invention is not, however,

meant to be limited to the specific details of the examples.
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EXAMPLE 1

A mixture of 5% {all percentages are by weight) of malto-
dextrin from potato having a DE of 3, 5% vegetable ¢il, 2% salt,
4% EMBO, 1% starter distillate, 0.5% lecithin and 82.5% malto-
dextrin having a DE cof 10 is emulsified with water of equal amount
and the emulsion is heated to a temperature of about 140°F. The
emulsion is passed through a homogenizer te form a stable emulsion
which is then conveyed to a spray tower eguipped with pressure
nozzles. The resulting emulsion is spray dried under a caxbon
dioxide pressure of 15 psig at a temperature of about 210°F.

The resulting dry produclt has a bulk density of about
25g/ce. The product has a caloric content of about 4 calories
per gram, each gram having the flavor intensity of about 10g of
butter.l The butter f£lavor is natural butter £lavor and all com-
ponents of the granular product are natural.

The granules may be sprinkled on a& hot, wet food such
as cooked string beans, cooked potatos, etc. to provide both the
flavor and mouthfeel of butter.

The product has a long shelf-1ife. The product is
extremely stable to oxidation.

EXAMPLE 2

Example 1 is repeated, however utilizing the ccmponents
in the following percentages: 4% maltodextrin DE 1, 6% vegetable
cil, 1% salt, 3% EMBO, 0.5% starter distillate, 0.5% lecithin,
and 85% maltodextrin 10 DE.

The resulting produﬁt has substantially the same charac-

teristics as the product of Example 1.
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While the invention has been illustrated with respect

te particular compositions, it is apparent that variocus modifica-

tions of the invention can he made without departing from the

spirit or scope ther=of.
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The embodiments of the invention, in which an exclusive

property or privilege is claimed are defined ag follows:

1. Butter Fflavored granules having a natural butter
flavor and the mouthfeel of bhutter without providing the
cholestercl and calcories of butter, said granules being
formed by spray drying under pressure at a temperature of
about 210°F an emulsicon ¢of a natural butter flavor componeant
coneisting essentially of an oil soluble component formed of
an enzyme modified butter c¢il or lipolyzed butter ocil and
baing present in an amcunt of about 0.065-10% by weight of the
granules, a fat in an amount of about 1-20% by welght of the
granules, and maltodextrin having a low dextrose equivalent
of less than 5, in an amount of about 1-10% by weight ©f the
granulesg, all distributed in a balance of an inert carrier
selected from the group conglsting of dextrins,

maltodextrins, whey solids and cornm syrup sollds.

2. Butter flavored granules acgording to eclaim 1,
wherein said inert carrier 1s a maltecdextrin bhaving a

dextrose equivalent of between about 10 and 20.

3. Butter flavored granules according to claim 1,

wherein said butter flavor compconent 1includes starter
distillate d1in an amount of up to 1% by weight as water

soluble component.
4. Butter flavored granules according to claim 3,

wherein said dinert carrier is a maltedextrin having a

dextrose eguivalent of between about 10 and 20.
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5. Butter flavored granules according to claim 4,

wherein said fat is a vegetable oil.

6. Butter flavored granules according to c¢laim 5 and

alse including salt.

7. Butter flavored granules according to claim 6 and

also including an emulgifier.

8. Butter flavored granules agcording to <laim 6,
wherein said salt is present in an amount of up to about 10%

by welght.

2. Butter flavorad granules according to ¢laim § and

including an emulgifier in an amount of up to 1% by weight.

10, Butter £flavored granules having a natural butter
flavor and the mouthfeel of butter without providing the
cholesterol and calories of butter, said granules being
formed of a natural butter flavor component consisting
essentially of an ocil scluble component formed of an enzyme
modified butter cil or a lipeolyzed butter oil in an amount of
about 0.05-10% by weight, a fat in an amount of about 1-20%
by ﬁeight and maltodextrin having a low dextrose equivalent
of less than 5 in an amount o©f about 1-10% by weight, all
distributed in a balance of an inert carrier selected from
the group consisting of dextrinse, maltodextrins, whey solids

and corn sSyrup solids.

11. Butter flavored granules according to c¢laim 10,

wherein said butter flavor component includes starter
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distillate in an amount of up to 1% by weight as water

socluble component.

12, Method of producing butter flavored granules having
a natural butter flavor and the mouthfeel of butter without
providing the cholestercl and caleories of butter, which
comprises forming a G50-60% so0lids emulsion of a natural
butter flaver component consisting essentially o©f an oil
soluble component formed of an enzyme modified butter oil or
lipolyzed butter oil and being present in an amount of about
0.05-10% by weight, a fat in an amount of about 1-20% by
weight and maltodextrin having a low dextrose equivalent of
less than 5, in an amount o0of about 1-10% by weight, all
distributed in a balance of an inert carrier, heating the
emnulsion to between about 120°-160°F, homogenizing the
emulsion and gpray drying the formed emulsion under pressure

of an inert gas and at a temperature of about 210°F.

13. Method according to claim 12, wherein said inert

carrier is a maltodextrin.

14, Method according to claim 12, wherein the emulsion

includes an emulsifier.

15. Method according to claim 12, wherein the emulsion

includes salt in an amcount of up to about 10% by weight.

16. Method of producing butter flavored granules having
a natural butter £f£lavor and the mouthfeel of butter without
providing the cholesterol and calories aof butter, which

comprigses forming a 50-60% so0lids emulsiorn of & natural
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butter flavor component consisting essentially of an oil
soluble component formed of an enzyme modified butter oil or
lipclyzed butter oil and being present in an amcunt of about
0.05-10% by weight, a fat in an amount of about 1-20% by
weight and maltodextrin having a low dextrose equivalent of
less than 5, in an amount of about 1-10% by weight, all
distributed in a balance of an inert carrier selected from
the group consisting of dextrins, maltodextrins, whey sclids
and corn syrup solids, heating the emulsion to between about
120°-160°F, homogenizing the emulsion and spray drying the
formed emulsion under pressure of an inert gas and at a

temperature of about 2106°9F.

17. Method according to claim 16, wherein the emulsion

includes an emulsifier in an amount to 1% by weight.
18. Method according to claim 16, wherein said butter

flavor component includes starter distillate in an amount up

to 1% by weight.

#
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ABSTRACT OF THE DISCLOSURE

The formatlion of interfering polymer deposits in spray
drying apparatus during the spraj drving of agueous dispersions
or solutions of polymers in a stream of warm ailr is avoided if

water is atomized together with the dispersion or solution.

324

IFFQ00652665



1o

20

=Y

i

1334460

The present invention relates to a method for making
spray dried polymer powders by atomizing an agqueous dispersion
or solution of a polymer in a warm air stream and separating the
polymer powder from the warm air stream.

It is known to prepare powdered emulsion polymers by
the spray drying of aqueous polymer dispersions. In this, a
careful contrecl of temperature in the spraying tower has proved
advantageous for preparing unglazed polymer powders or powders
from dispersions having low minimum film forming temperatures
(MFT) .

DE-C 25 12 238 (granted 13 Jan. 1977) describes the
preparation of a powdered acrylic resin having a high content of
carboxyl groups by the spray drying of an aqueous dispersion.
It is there indicated as essential to not exceed the MFT in the
spray drying process.

Agqueous bolymer dispersions with high solids contents
of, for example, 40 to 60 percent by weight are sensitive systems
which tend to form deposits and coagulates at elevated
temperatures or under the influence of shearing forces. This is
particularly true for dispersions having a low MFT, for example
under 60°C, and for dispersions of emulsion polymers having a low
dynamic glass transition temperature (TA_,)- Because of this
sensitivity, considerable difficulties are often encountered in
the spray drying of aqueous polymer dispersions. When flowing
onto the rapidly rotating atomizer disk, the dispersion is heated
by frictional forces and is subjected to strong shearing forces.
Deposits in the liquid distributor and on the atomization disk

of the spray drying apparatus are the result.

-1-
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Similar difficulties occur during the spray drying of
aqueous polymer solutions.

The problem to be solved by the invention is teo avoid
the aforementioned difficulties in the atomization of aqueous
dispersions and solutions, particularly in the spray drying of
temperature sensitive and shear sensitive dispersions having an
MFT below &60°C and a dynamic glass transition temperature of the
emulsion polymer below 150°C.

It has bheen found that if water is atomized together
with the dispersion or solution, polymer deposits‘in the liguid
distributor and in the atomization apparatus are prevented. This
is not brought about by any dilution effect, since the addition
of water to the dispersion or the scluticn itself has no

corresponding effect. Rather, it can more likely be assumed that

‘the water acts as a coolant and discourages temperature dependent

coagulation and deposition processes. To the extent that small
amounts of deposits may nevertheless arise, they can be more
readily removed than when they are formed in the absence of added
water.

The invention in a broad aspect provides a method for
making a spray drled polymer powder, which metheod comprises
atomizing water and an aqueous dispersion or solution of a
polymer in a warm air stream, the amount of water atomized per
unit time being smaller than the amount of dispersien or
solution, and separating the polymer powder from the warm ailr
stream.

The dispersion or solution is atomized in a technical

spray drying apparatus preferably by means of a rapidly rotating

-2—
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directly, but separately from the dispersion or solution.

The amount of water added per unit time is, as a rule,
smaller than the amount of dispersion or sclution atomized in the
same time period, for example 1 to 20 percent by weight thereof.
Preferably, 2.5 tc 7.5 percent of water, in each case based on
the amount of dispersion or solution, are used. The effect of
the water is generally not adversely affected if it contains
limited amount of dissolved or dispersed materials, sco long as
they do not noticeably increase viscosity or do not bring about
undesired interactions with the dispersion or solution. Possible
contents are, for example, surfactants and non-volatile
additives which serve to modify the polymer powder.

In a drying tower, the air stream is conventionally led in
cogcurrent with the dispersion or solution sprayed thereinto, i.e.
from top to bottom through the drying tower. The air stream is
conducted from the exit of the drying tower into one or more
cyclone separators where the dried polymer powder is separated.
The powder contains at most a residual moisture between 1 and 5
percent by weight. |

The air introduced into the drying tower as a rule has a
temperature in the region from 50°C to 200°C, preferably from
60°C to 120°C. The air temperature, as a result of the energy
absorbed in the evaporation of the water, decreases from top to
bottom and the air exits at 30°C to 100°C, preferably at 30°C to
50°C. The difference between the entry and exit temperatures
(Tg/TA) depends on the relative amounts of air and atomized
dispersion and can be controlled through this relationship.

According to a preferred embodiment cof the invention, the

dispersion is dried at an entry temperature T. below the dynamic

-3~
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glass transition temperature but above the MFT and at an exit
temperature T, below 65°C but above the MFT. It is further
preferrxed that the amount of dry air introduced in the spray
drying is so adjusted with respect to the amount of spraved
dispersion that the difference between the entry and exit
temperatures (Tyx - T.) does not exceed 65°C.

If dispersions are used in the process of the invention,
then they should suitably have as high a solids content as
possible. This can lie between 10 and 60, preferably between 20
and 50, percent by weight. In order to be able to spray the
dispersion into fine droplets, its viscosity should not be above
4000 mPa.s. A viscosity below 1000, and particularly below 100,
mPa.s is advantageous.

As a rule, the dispersion contains an anionic emulsifier,
for example in a concentration of 0.03 to 3 percent by weight of
the aqueous phase., In addition thereto, nonionic emulsifiers may
be present, for example up to 5 percent by weight, and these may
also be present as the sole emulsifier.

The dispersions used for spray drying can be prepared
according to known methods. Although the invention can be used
to advantage with every dispersion of a spray dryable emulsion
polymer, because of the increased energy demand corresponding to
the amcunt of water added it will in practice be used only in
those cases in which the dispersion without water addition can
only by spray dried with difficulty or not at all.

Among the difficultly sprayable dispersions which can be
processed with particular advantage according to the method of
the invention are such whose minimum £ilm forming temperature

{MFT) is at least 50°C below the dynamic glass transition

: - 4~
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temperature, and particularly those whose MFT is below 60°C. The
dynamic glass transition temperature (T;\ -max} 18 preferably
below 150°C.

A group of dispersions to which the aforementioned criteria
as a rule pertain include emulsion polymers comprising 20 to 70
percent by weight of units of acrylic acid or of methacrylic
acid, 40 to 80 percent by weight of units of lower alkyl esters
of acrylic acid and/or methacrylic acid or mixtures thereof with
styrene, as well as up to 10 percent by weight ¢f units of other
unsaturated free radically copolymerizable comonamers.

Agueous solution of water soluble polymers can also
advantageously be spray dried accerding to the method of the
invention. Typical polymers of this kind comprise at least 50
percent by weight of acrylic acid or methacrylic acid or the
water soluble salts thereof, any balance comprising other
monomers copolymerizable therewith, such as acrylamide,
methacrylamide, acrylonitrile or methacrylonitrile, and alkyl
esters or hydroxyalkyl esters of acrylic acid or of methaecrylic
acid. The lower limit of the content of acrylic acid or of
methacrylic acid is set only by the water solubility.

Aqueous polymer solutions are sprayable if their viscosity
is not above 2000 mPa.s, and is preferably below 500 mPa.s. The
solution viscosity is dependent on molecular weight and on
solids content, and also on the salt content for
polyelectrolytes. S$clutions of polyacrylic acid having a
molecular weight below 2000 can only be spray dried at solids
contents up to 50 percent by weight, whereas at a molecular
weight of 50,000 only concentrations up to 30 percent by weight

are still workable.
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The spray dried polymer powder as a rule consists of
powder grains of an average size of about 50 microns (). In a
microphotograph, the grains at 100x appear sharply defined and
translucent to transpafent, which suggests a more or less strong
glazing or melting of the latex particles.

The polymer powders are, for example, suitable for the
preparation of medicament coatings or as thickening agents for
aqueous alkali media.

A better understanding of the present invention and of
its many advantages will be had by referring to the following
specific examples, given by way of illustration.

EXAMPIES
Example 1

An aqueous synthetic resin dispersion having a solids
content of 30 percent by weight which contains a dispersed
copolymer formed from 50 percent by weight of ethyl acrylate and
50 percent by weight of methacrylic acid having an average
particle size of 100 nanometers, and 2.4 percent of an anionic
emulsifier ("HOSTAPAL*BV", conc., Hoechst AG), and adjusted to
pH 2.6 was used for spray drying. The dispersion had a viscosity
of & mPa.s, a minimum film forming temperature of 28°C, and a
white point of 17°C. The dispersed copolymer had a dynamic glass
transition temperature (TA__,) of 134°C and a shear modulus of
1650 N/mm® at 20°C.

For spray drying, a spray tower was employed which had
at its head an atomization disk rotating at 10,000 rpm and
through which heated air at 80°C to 90°C was passed from top to

* a trade-mark -6~
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atomization disk by way of a tubular conduit at the head of the
spray tower. By way of a second tubular conduit, 8 - 10 kg/hour
of water were led to the atomization disk at the same time. At
the foot of the tower, the dried copolymer was separated from the
air stream at a temperature of 40°C - 50°€ in the form of a
finely divided powder.

If the dispersion is diluted with the same amount of water,
or if the water is omitted altogether, then deposits form on the
atomizer disk after a short period of operation, which deposits
heat up and char because cof rubbing against the stationary parts
of the atomization mechanism so that the product is contaminated
with charred particles.

Example 2

An aqueous solution of a copolymer formed of 85 percent by
weight of acrylic acid and 15 percent by weight of ethyl
acrylate, having a weight average molecular weight of 1700 to
2000, a solids content of 49 percent by weight, a pH value of
1.5, and a viscosity of 210 mPa.s, is used for spray drying.

A spray drying apparatus was used which had an atomizer disk
rotating at 20,000 rpm and through which air heated at 65°C -
70°C was led from top to bottom at 1000 m3/hour in cocurrent
with the material sprayed. The exit temperature of the air was
40°C - 45°C.

By way of separate tubular conduits, 120 kg of the solution
and 3 - 4 kg of water per hour were flowed onto the atomization
disk. At the foot of the apparatus, a fine white polymer powder
was obtained. If the solution was diluted with the same amount
of water or if the added water was omitted entirely, disturbances

of the kind described in Example 1 arose after a short time.
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The procedure of Example 2 was fellowed, but 100 kg/h of an
agqueous seolution of sodium polyacrylate (molecular weight 1700 -
2000) having a pH value of 7.5 and a viscosity of 133 mPa.s were
used under otherwise equal conditions. The result corresponded

with that of the previous Example.
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WHAT IS CLATMED IS:

1. A method for making a spray dried polymer powder, which
method comprises atomizing water and an agueous dispersion or
solution of a polymer in a warm air stream, the amount of water
atomized per unit time being smaller than the amount of
dispersion or solution, and separating the polymer powder from
the warm air stream.

2. A method as defined in claim 1 wherein the dispersion
or sclutien and the water are atomized by means of a rapidly
rotating disk.

3. A method as defined in c¢laim 2 wherein the dispersion
or sclution and the water are concurrently, but separately,
flowed ontc the rapidly rotating disk.

4, A method as defined in c¢laim 1 wherein said dispersion
is a film forming dispersion having a minimum film forming
temperature below 60°C.

5. A method as defined in claim 4 wherein said polymer is
an emulsion polymer having a dynamic glass transition
temperature, T, . below 150°C.

6. A method as defined in claim 1 wherein said agueous
dispersion is a dispersion of a polymer comprising 20 to 70
percent by weight of a member selected from the group consisting
of acrylic acid, methacrylic acid, and the water soluble salts
of these acids; 40 to 80 percent by weight of a member selected
from the group consisting of lower alkyl esters of acrylic acid,
lower alkyl esters of methacrylic acid, and mixtures of such

esters with styrene; and up to 10 percent by weight of further,

- Page 1 of Claims -
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different, unsaturated, free radically polymerizable comonomers.
7. A method as defined in claim 1 wherein said dispersion
has a minimum film forming temperature which is at least 50°C
below the dynamic glass transition temperature of the polymer
therein.

8. A method as defined in claim 4 wherein said dispersion
is dried by spray drying with warm air having an entry
temperature below the dynamic glass transition temperature but
above the minimum film forming temperature of the polymer in said
dispersion and at an exit temperature below 65°C, but above the
minimum £ilm forming temperature of said polymer.

9. A method as defined in claim 1 wherein said agqueous
solution is a soluticn of a polymer comprising at least 50
percent by weight of a member selected from the group consisting
of acrylic acid, methacrylic acid, and the water solukle salts
of these acids, the balance being other monomers copolymerizable
therewith.

10. A method as defined in claim 1 wherein the amount of
warm air introduced in spray drying is so adjusted with respect
toe the dispersion or solution sprayed that the temperature
difference between the entry temperature and the exit temperature

of the air is not greater than 65°C.

Barrigar & Oyen

81 Metcalfe Street
7th Floor

Ottawa, Ontario
Canada, K1P 6K7

Agents for the Applicant
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Abstract

The invention relates to a rapid and readily
reproducible process for producing dry, amorphous products
which, besides biclogically active, in particular
therapeutically active, material, contain substance mixtures
for stabilization by means of convection drying. The
invention also relates to the amorphous, microscopically
homogeneous products which are cobtained by this process, are
in the form of powders and have a uniform geometric, in
particular spherical, shape. The invention furthermore
relates to the use of substance mixtures for stabilizing
biologically active material, in particular proteins by means

of spray drving.
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The invention relates to a rapid and readily
reproducible process for producing dry, amorphous products
which, besides biclogically active, in particular
therapeutically active, material, contain substance mixtures
for stabilization by means of convection drying. The
invention also relates to the amorphous, microscopically
homogeneous products which are obtained by this process, are
in the form of powders and have a uniform geometric, in
particular spherical, shape. The invention furthermcre
relates to the use of substance mixtures for stabilizing
biologically active material, in particular proteins by means

of spray drying.

It is well known that proteins, especially human
proteins, can be stabilized in solid preparations by a large
number of substances, preferably by sugars or combinations of

sugars and amino acids.

Various processes and formulations for producing dry,
biclogically or therapeutically active materials are
described. By drv materials are meant substances and
substance mixtures which have a residual moisture content not
exceeding 8% (g/g)., preferably not exceeding 4% (g/g).
particularly preferably not exceeding 2%. Freeze-drying
processes are widely used for producing such formulations
[F. Franks, Cryo Lett. 11, 93-110, (1930); M. J. Pikal,
Biopharm. 3 (9), 26-30 (19%0); M. Ilora, Pharm. Research 8
(3), 285-291 (1%%2); F. Franks, Jap. J. Freezing Drying 38,
15-16, (1992})] but have the specific disadvantages of freeze-
drying. They corsume large amounts of energy, require the use
of refrigerants, some of which are environmentally harmful
(frigens), and are time-consuming because it is often
necessary to remove relatively large volumes cf ice by

sublimation. The freezing step necessary for freeze-drying

Hu/So 6.10.98
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may be destabilizing for a large number of substances,
especially for proteins. This process is therefore not

applicable at all to some biological materials.,

Alternatives to freeze drying for producing dry
protein preparations are processes which dry the material by
using heat and/or vacuum [F. Franks, R. M. H. Hatley:
Stability and Stabilization of Enzymes; Eds. W. J. J. von den
Teel, A. Harder, R. M. Butlaar, Elsevier Sci. Publ. 1993, pp.
45 - 54; B. Roser, Biopharm, 4 (9), 47-53 (18°81);

J. F. Carpenter, J. H. Crowe, Cryobiol. 25, 459 - 47(C
(1988}1. Examples which may be mentioned in this connection
are vacuum drying with or without use of elevated
temperature, spray-drying processes in a wide variety of
modifications, including combined use of vacuum and spraying
techniques, and drum drying and other thin-film drying

processes.

J. F. Carpenter, J. H. Crowe, Biochemistry 28, 3916-
3922 (1989); K. Tanaka, T. Taluda, K. Miyvajima, Chem. Pharm.
Bull. 39 (5}, 10-94 (1991), DE 35 20 228, EP 0 22% 810, WO
91/18091, EP 0 383 569 and US 5,290,765 describe preparations
which contain sugars or sugar-like substances. However, the
production of dry, carbohydrate-containing preparations by
means of freeze or vacuum drying, especially of sugar
preparations, is associated with disadvantages in the state
of the art. These include, inter alia, high energy
consumption for drying to an acceptable residual moisture
content, extended process times at low drying temperatures,
formation of highly viscous, water-containing masses (called
~rubber“) or glassy melts whose glass transition temperatures
are below room temperature. The disadvantages described above
significantly influence the stability ©of biclogical materials

in such preparations.

It is also evident from the literature cited above
that preparations suitable for stabilizing proteins should
have glassy, that is to say amorphous, structures whose glass

transition temperature is above the intended storage
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temperature. The glass transition temperature (Tg} is the
temperature at which an amorphous or partially crystalline
solid is converted from the glassy state intc the fluid or
viscous state and wvice versa. This iavolves drastic changes
in the wviscosity and, associated therewith, in the diffusion
coefficient and the kinetic mobility of the biolegical
materials. Physical characteristics such as hardness and
modulus of elasticity are changed, as are the thermodynamic
functions of vclume, enthalpy and entropy. The glass
transition temperature of, for example, a sugar-centaining
composition and its residual water content are physically
linked together ir such a way that increasing residual
amounts of water lead to declining glass transition
temperatures and vice versa. It is thus possible to infer
from measurement of the glass transition temperature, for
example by differential scanning calorimetry {DSC}, whether a
preparation has a residual water content suitable for
stabilization or, as stated above, a drying process is
successful or not. Besides determining the glass transition
cemperature by means of DSC., the presence of amorphous
structures can also be proved by means of X-ray diffraction
investigations, optical and electron microscopic

examinations.

It was therefcore desirable to provide fully amorphous
ancillary substance structures for biological or
pharmaceuticelly active materials so that the embedded
biological materials can also be kept stable at room
temperature and over a long pericd. The ancillary substance
structures should have a low residual moisture content which
can be adjusted intentionally, and have a glass transition

temperature which is as high as pgssible.

WO 97/15288 describes a process for stabilizing
biological materials by means cf drying processes without
freezing, with which partially amorphous ancillary substance
structures are obtained. The drying was carried out as vacuum
drying {at slightly elevated temperatures < 50°C), althocugh

inhomogeneous products are obtained.
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WO 96/32096 describes the production of a homogeneous, dispersible
powder, which contains a human protein, carbohydrates and/or amino acids and other
ancillary substances, for inhalation by means of spray drying. However, it has

emerged that amorphous products are not obtained in any of the examples.

EP 0 682 944 Al describes lyophilisates with pharmaceutically acceptable
ancillary substances, consisting of a phase with the protein in amorphous mannitol
and a second phase with crystalline alanine. However, these formulations cannot

stabilize the biological materials sufficiently will over a lengthy period.

The invention was based on the object of developing a mild, flexible, readily
reproducible, rapid and economic drying process for embedding biological materials,
especially human proteins, and of finding stabilizing matrices suitable for this
process. It is intended that it be possible with this process to produce fully amorphous
and hoinogeneous products which allow stabilization of the biological materials over

a long period.

One aspect of the present invention provides for a process for producing
dry, amorphous products which, besides biologically active material, contain a
substance mixture for stabilization, characterized in that a solution or suspension of
biological material and the substance mixture consisting of one, two or all of the
following components (a), (b) and (¢): () a carbohydrate and at least one amino
carboxylic acid or derivatives thereof, (b) at least two amino carboxylic acids or
derivatives thereof, (c) at least one amino carboxylic acid or a plurality of amino
carboxylic acids or derivatives thereof, is produced and dried by means of convection
drying with adjustment of a relative moisture content of < 70% (g/g) in the stationary
phase at an inlet air temperature of 50 - 300°C.

The object of the invention, of providing an efficient process for producing
amorphous preparations which contain biological materials, is achieved by means of
convection drying, in particular by means of spray drying, under the conditions stated
herein and with the substance mixtures stated herein. The invention relates in
particular to a process for producing dry, amorphous products which, besides

biological material, in particular therapeutically active material, contain substance

342
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mixtures for stabilization, which is characterized in that a solution or suspension of
biological material and a substance mixture consisting of (a) a carbohydrate and at
least one zwitterion with polar or apolar radical or derivatives thereof, and/or (b) at
least two zwitterions with polar or apolar radicals or derivatives thereof, and/or (c) at

least one zwitterion with

343
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polar or apolar radical or a plurality of zwitterions with
polar or apolar radicals or derivatives thereof, is produced
and dried by means of convection dryving with adjustment of =
relative moisture content of < 7C0%, preferably < 40%, in
particular < 20%, in the staticnary phase at an inlet air
temperature of 50 - 300°C, preferably < 200°C. This manner of
drying proves to be particularly advantageous in relation to
the stability of the bieclogical materials in the formulations

and ensures vields > 90%.

The zwitterions with polar or apolar radicals which
are preferably employed are amino carboxylic acids. The
substance mixtures employed of group (a) comprise,
preferably, mono-, oligo-, polysaccharides, arginine,
aspartic acid, citrulline, glutamic acid, histidine, lysine,
acetylphenylalanine ethyl ester, alanine, cysteine, glycine,
isoleucine, leucine, methionine, phenylalanine, tryptophan,
valine and/or derivatives thereof. The substance mixtures of
group (b) comprise, preferably, arginine, aspartic acid,
citrulline, glutamic acid, histidine, lysine, acetylphenyl-
alanine ethyl ester, alanine, cysteine, glycine, isoleucine,
leucine, methionine, phenvylalanine, tryptophan, wvaline and/or
derivatives thereof. The zwitterions of group (c) are
preferably employed in the form of their salts. Preferably
used are the salts of arginine, aspartic acid, citrulline,
glutamic acid, histidine, lysine, acetylphenylalanine ethyl
ester, alanine, cysteine, glycine, isoleucine, leucine,
methionine, phenylalanine, tryptophan, valine and/or

derivatives thereof.

Biclogically active materials for the purpose of the
invention are cne or more substances of the groups of
proteins, peptildes, glvcoproteins, lipoproteins, enzymes,
coenzymes, antibodies, antibody fragments, virus
constituents, cells and cell constituents, vaccines, DNA,
RNA, biological therapeutic and diagnostic agents or

derivatives thereof.
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It is possible where appropriate to add to the
solution or suspension of biological material and the
substance mixture of groups (a) and/or (b) and/or (c)
conventional ancillary substances from the groups of buffers,
surfactants, antioxidants, isotonicizing agents,

preservatives.

It is possible by spray drying with the features
stated herein to modify carbohydrates, amino acids or
derivatives thereof which can be dried with difficulty in
such a way that they can be dried, or tec mix carbohydrates,
amino acids or derivatives therecf with a substance or a
substance mixture which increase the Tg so that drying
becomes possible and the resulting ancillary substance
structure is amorphous and is cutstandingly suitable for
embedding biological materials. Vacuum drying of comparabie

formulas results in lower glass transition temperatures.

It has been found that in the case of carbohvdrates,
especially sugars such as, for example, sucrose, fructose,
which indeed form amorphous structures after spraying from
aqueous or organic solution into a hot air bed, but have low
glass transition temperatures (< 20°C) and therefore result
in yields which are extremely economically unfavourable on
drying, and have low stability on storage, the latter in
particular in relation to the retention of amorphous
structures, the Tg is increased so much (= 20°C) by addition
of zwitterions or derivatives therecf that they can be dried
in good yield, and the amorphous structure of the
carbohydrates or of the complete formulation is retained or

stabilized.

It hag furthermore emerged, surprisingly, that it is
possible by adding zwitterions or derivatives thereof to
obtain carbohydrates such as, for example, mannitol, after
the spraying from agueous or organic solution into a hot air
bed, in an amorphous structure as is necessary for
stabilizing biological materials. At the same time, good

yvields are achieved therein. This result is surprising since

IFFO00862893
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no amorphous structures are obtained when the process is

carried out withecut addition of zwitterions.

On the other hand, it has been found that even
zwitterions or derivatives thereof which, although they can
be dried after spraying from agueous or organic solution intc
a hot air bed, are not obtained in amorphous form from this,
are obtained in a fully amorphous form on addition of

carbohydrates or derivatives therectf.

amorphous structures are also obtained when
zwitterions or derivatives thereof which, although they can
be dried after sprayving from agueous or organic sclution into
a hot air bed, are not obtained in a fully amorphous form
from this, can be converted by suitable admixtures cf one or
more zwitterions into a fully amorphous form. To produce the
amorphous structure it 1s unnecessary to choose only
combinatiocns of zwitterions with polar radicals and apolar
radicals; on the contrary it 1s alsoc possible to employ
combinations of zwitterions with only poler or only apolar

radicals.

It has further emerged that one or more zwitterions
with polar or apclar radicals or derivatives thereof which,
although they can be spray-dried, are not obtained in
amorphous form, can be converted by specific adjustment of
the pH of the solution or suspension before the convection
drying into the amorphous state, preferably by adjusting to a
pH of 7.0 - 7.5. A specific adjustment of the pH of the
solution before the spray drying can also be worthwhile in
those cases (variants a and k) where, although amorphous
structures are obtained, the stability of the protein in the
amorphous structure is to be further improved or the
amorphous structure of the sprayed procducts 1s to be further
increased. Such an adjustment of the pH may also be necessary

for physiological reasons.

The skilled person is able, by suitable combination

of the variants mentioned, to increase significantly further
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the effects already achieved. The teaching of the patent
allows him to select a zwitterion with pelar or apclar
radical sc that the dried substance mixture has a raised
glass transition temperature and/or an amcrphous structure by
comparison with a substance mixture without a corresponding

addition.

The products obtained with the process according to
the invention are amorphous and microscopically homogeneous
powders in a particle size range from 0.0005 mm to 1 mm,
preferably from 0.001 mm te 0.1 mm. The process according to
the invention allows preferably spherical particles to be
obtained in a particle size range which is adjustable and can
be reproduced surprisingly well. The resulting products have
a glass transition temperature > 20°C, preferably > 40°C, and
a residual moisture content < 8% (g/g)., preferably
< 4% {g/g). The amorphous structure is furthermore retained
over storage times of at least 12 months. Compared with
lyvophilisates, the products have an apparent density which is
nigher by at least a factor of 1.15 (15%} than lyophilisates
and, compared with products from freeze or wvacuum drying,
have significantly lower crystalline contents for the same

formulation.

The amorphous products, which preferably contain
proteins as bioclogical materials, are produced according Lo
the invention by convection drying, in particular by spray
drying or spray granulation, by producing a solution or
suspension ¢f the bioclogical material and the substance
mixture, and carrying out the convection drying at an inlet
air temperature of 50 - 300°C, preferably < 20C°C, it having
emergeé that the relative moisture content in the stationary
phase must be adjusted toc < 70%, preferably < 40%, in order
to obtain a defined product moisture content of < £4%. The
process acceording te the invention thus permits the required
residual moisture content in the final products to be

adjusted intentionaily.
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It is pessible according to the invention for the
convection drying to take place by means of fluidized drying,
lift air drying or flight drying. Spray or fluidized bed
drving is particulerly preferably used according to the

invention.

In the spray drying, the material to be dried is
sprayed in a manner known per se as solutiom or suspension
through nozzles or by means of a rapidly rotating atomizer
disc to give a mist of droplets at the upper end of a wide
cylindrical container. The resulting mist of droplets is
mixed with hot air or an inert gas, which are passed around
the atomizing zone into the dryer. If a solution is atomized
under otherwise identical conditions by means of a two-
component nozzle or disc, although the particle size
distribution of the spray embedding is narrcower with disc
atomization than with nozzle atomization, it is shifted into

the coarser region.

Suitable atomizing devices are swirl pressure
nozzles, pneumatic nozzles (two-component/three-component
nozzles) or centrifugal atomizers. Although pneumatic nozzles
require the greatest energy consumption for atomization per
kg of liguid, these nozzles are particularly suitable because
of their flexibility, for example for achieving particular
particle size ranges or particular particle shapes. The
process can also be carried out by means of the use of a
three-component nozzle technique. It is possible thereby to

atomize two liquids simultaneously.
This makes two variants of the atomization possible:

Variant 1

The two liquids are fed separately and, shortly
before the atomization, mixed and then atomized. This wvariant
is preferably used when the mixtures of two components are

stable for only a short time in one liquid phase.

IFFOC0662896
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Variant 2

The two liquids are fed separately, atomized
separately and mixed before entering the nozzle orifice. This
variant can be used for two immiscible solutions or where the
stability of the components is ensured only in the solid

state.

It was possible to use these gpecific types of
atomization for the invention just as well as classical two-

component atomization.

A process according to the invention is optimal with
an inlet asir temperature in the range between 100°C and
180°C. Since there is also a risk of decomposition of the
spray embedding as the inlet air temperature increases,
higher temperatures > 200°C are normally not productive but
can certainly be considered for specific applicaticns. It is
surprising that the stability of the biclogical materials in
the formulations is wvery gocd although the hot air used
according to the invention for the drying preferably has a

temperature of > 100°C.

The spraying of the solution after the drying results
in preferentially spherical particles in an adjustabkle and
reproducible particle size range. Spherical shapes with
favourable flow properties and a particular particle size
range are precisely those particularly advantageous for many

types of pharmaceutical application.

The drying times with the process according to the

invention are not more than one minute.

It is also possible according to the invention to
produce granules by spraving the sclution of bioclogical
material and substance mixture onto a carrier with a particle

size range from 0.010 mm to 10 mm, preferably 0.1 to 1 mm.

It is thus possible with the process according to the

invention, by using the stated substance mixtures, to improve
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crucially the drying of carbohydrate-containing compositions.
The formulations according to the invention contain as main
component a carbohydrate, preferably sugar, and one or more
zwitterions with polar or apolar radicals or derivatives
thereof, with the glass transition temperature of the sugar

being distinctly increased by this zwitterion addition.

Formulations in which the main component are
zwitterions with polar or apolar radicals or derivatives
thereof can be converted intc stable amorphous forms by

addition of carbohydrates.

It is also possible as an alternative to the
carbchydrates to use zwitterions with polar or apolar
radicals or derivatives thereof or mixtures thereof. These
formulations can be composed of at least 2 zwitterions or
derivatives thereof with polar radicals, at least 2
zwitterions or derivatives thereof with apolar radicals or of

at least one zwitterion with polar and apolar radical.

Amorphous and dry formulations can also be obtained
by specific adjustment of the pH of the solution of
zwitterions with pelar or apelar radicals or derivatives

therecf, alone or in combination.

Substance mixtures which can be preferakbly employed
according to the invention consist of at least two substances
selected from sucrose, L-arginine, L-phenylalanine, L-

aspartic acid, L-isoleucine and derivatives therecf.

Besides the compositions indicated in the examples,
the following substance mixtures have also proved
particularly suitable as matrix for the formation of sprayed

products according to the invention:

Mixture (formula) 1:

Sucrose, L-arginine and L-phenylalanine,

IFF000662898
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Mixture {formula) 2:

L-Arginine, L-aspartic acid ané L-isoleucine,

Mixture (formula) 3:

L-Arginine and L-phenylalanine,

Mixture {(formula) 4:

L-Arginine, L-phenylalanine and L-aspartic acid.

The invention also relates to the use cof the
amorphous products produced according to the invention for
producing diagnostic or therapeutic compositions by further
processing them where appropriate with conventional ancillary

substances and excipients.
Example 1

The carbchydrate and the amino acid (AL} were
dissolved in water at RT. Adjustment of the pH may be
necessary depending orr the biological material used. This

solution is then spray dried.

It is evident from the following tabkle that, for
example, sucrose or fructese cannct be dried in econcmically
good yields because of the low glass transition temperature
{(1.1 and 1.5), whereas the solutions with AZ addition result
after the drying as fine-particle dry powders in gocod yields
{1.2 - 1.4 and 1.6). It is further evident from the table
that carbschydrates such as, for example, mannitol, which
after the drving rormally do not feorm amorphous structures
ané result in economically favcurable yields (1.7}, on
addition of zwittericns or derivatives thereof form an
amorphous structure and result in good yields as are
rniecessary for the stabilization of biological

materials {(1.8}.

IFFO00662899
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Carbohydrates with addition of zwitterions with polar/apolar

radicals
Example Carbo- Amino acid Residual Glass transition
hydrate ag,/ml water temperature °C
mg,/ml content Crystal structure
% State of aggregation
Sucrose L-Arginine
{1.1) 275 0 2.8 <2Q°C
X-ray amorphous
tacky mass
Sucrose L-Arginine
{1.2)" 100 5 2.4 >20°C
X-ray amcrphous
Powder
Sucrose L-Phenyl-
alanine
(1.3} 100 5 2.8 »200¢
X-ray amarphous
Powder
(1.4] 100 20 2.5 »>20°C
X-ray amorphous
Powder
Frug¢tose L-Phenyl-
alanine
(1.5) 275 0 2.3 <20°C
X-ray amorphous
tacky mass
(1.6} 100 5 4.0 »2Q°cC
X-ray amorphous
Powder
Mannitol L-Arginine/
L-phenyl-
alanire
(1.7} 55 o 0.4 -
crystalline powder
(1.8)7 100 10/ 2.5 >2Q°C
10 X-ray amocrphous
Powder

pH adjusted to 7.3 = 0.2
Example 2
The amine acid and the carbohydrate were dissclved in

water at RT and spray dried. It is evident from the following
table that the pure AA results in a crystalline crystal

IFFO00662800
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(2.1 and 2.4), but amorphous structures are

obtained on addition of carbohydrate (2.2, 2.3, 2.5}.

Zwitterions with polar/apolar radicals on addition of

carbovhydrates
Example Anino acid Carbo- Residual Glass
mng/ml hydrate water transition
ng/ml content temperature °C
% Crystal
structurs
State of
aggregation
L-Arginine Methyl -
hyvdroxy -
propyi-
celluliaose
2910
{2.1} 55 ] 10.2 -
crystalline
powder
(2.2} 20 4 7.2 >20°C
X-ray
amorphous
powder
L-Arginine Sucrose
{2.3; 20 4 £.4 >20°C
X-ray
amorphous
powder
L-Phenyl- Sucrose
alanine
{2.4; 55 ¢ 0.4 -
crystalline
powder
(2.9} 20 4 4.6 >20°C
X-ray
amorphous
powder

353

IFFO00662901




10

spray dried.
results in a crystalline structure (3.1-3.4),
structures are obtained on addition of a second Al

In Examples 3.9-3.11,
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Example 3

The aminc acids were dissolved in water at RT and

It is evident from the table that the pure AA
but amorphous
(3.5-3.8).

the Tg values of vacuum dryings are

indicated. The Tg values on vacuum drying of comparable

formulas are distinctly beiow the values in the process

according to the invention.

Zwitterions with polar/apo.ar radicals on further addition of

zwitterions with peclar/apclar radicals

Example

L-Arginine

Amine acid Amine acid Residual
ng/ml mg/ml water
content
%
L-Arginine
55 0 10.2
L-Tsoleucine
21.7 0 0.4
L-Phenyl-
alanine
55 ¢ 0.4
L-Aspartic
acid
6.7 0 0.3
L-Phenyl- L-Isoleucine
alanine
20 4 1.2

L-Phenyl -

Glass
transition
temperature
Crystal
structure
State of

°c

aggregation

crystalline

powder

crystalline

powder

crystalline

powder

crystalline

powder

>20°C

X-ray
amorphous

powder

354
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alanine
{3.61] 20 4 5.7 =20°C
X-ray
amorphous
powder
L-Arginine L-Aspartic
acid
(3.7} 4 20 5.5 »>20°C
X-ray
amorphous
powder
L-Arginine L-Aspartic
acid/I1-
Isoleucine
(3.8} 40 22 4.2 =20°C
10 X-ray
amorphous
powder
Vacuum drying
Example Aminoc acid Amino acid Residual Glass
mg/mnl omg/ml watar transition
content temperature °C
%
L-Arginine L.-Phenyl-
alanine
3.2 33.4 7.9 9.9 1.3
3.10 34.8 6.6 10.7 0.4
3.11 35.8 5.6 1C.0Q 1.3
Example 4

The amino acid was dissclved in water at RT and spray

dried. It is evident from the following table that an X-ray-

amorphous structure is formed by specific adjustment of the
pH (4.1 and 4.3},

obtained (4.2 and 4.4).

355

otherwise only a crystalline structure is
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Zwitterions with polar/apolar radicals

Exanmple Amino acid Amino acid Residual Glass
ng/ml mg/ml watexr transition
content temperature °C
% Crystal
strueture
State of
aggregation
L-Arginine
(4.1) 55 s 5.1 >20¢C
pH 7.2 X-ray
adjusted amorphous
with H;20, Powder
L-Arginine
14.2) 55 0 10.2 -
crystalline
powder
L-Aspartic
acid
(4.3} 8.3 0 0.5 >20¢C
pH 7.2 X-ray
adjusted amorphous
with NaCH Powder
L-Aspartic
acid
(4.4) 6.7 Q 0.3 -
crystalline
powder
Example 5

The carbohydrate,

the AA and other ancillary

substances were dissolved in water at RT,

+ 0.2 and spray dried.

The following table shows optimized actiwve drug

CA 02253154

adjusted to pH 7.3

formulas according to the process according to the invention
(5.2-5.6). A placebo formula (5.1)

No decomposition products were shown by any of the formulas
after the drying,
(HMW)
formulas 5.2-5.6.

weight

storage for 3 months

356

was used for comparison.

{shown by Example 5.3).

This value is not exceeded even after

it being possible toc detect high molecular
aggregates and EPO dimers not exceeding 0.2% in
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a formula not according to the invention

shows a very high content of high molecular weight (HMNW)

aggregates and EPO dimers even immedistely after the drying

{(5.7).
Example ERC Anino acids/ Rasidual Glass transition
u/ ancillary water temperature °C
Carbohydrate substance content Crystal
ng/rl ng/ml % structure
State of
aggregation
- L=Arginine/
Sucrose L-Fhenyl-
a.anine/
Tween 20
(5.1} - e/ 2.8 > 20°C
100 20/ X-ray amorphous
0.2 powder
EPD/sucrose I-Arginine/
L-phenyl-
alanine/
Tween 20
{5.2} F¢Cas 10/ 3.5 > 20°C
30 16/ ¥-ray amorphous
- powder
{(5.3) F010/ 10/ 2.4 > 20°C
50 107 X-ray amorphous
0.1 powder
EPD/ L-Arginine/
Sucrcse L-pheayl-
alanire/
Tween 20
{5.4; 14020/ 20/ 2.8 > 20°C
1090 20/ X-ray amorphous
0.2 powder
ERQ/ L-Arginine/
- L-aspartic
acid/
L-iso-
leucine/
Tween 20
(5.5} 5010/ 30/ 4.3 > 20°C
- 10/ X-ray amorphous
10/ powdex
2.1
EPD/ L-Arginine/
- L-aspartic
acid/
L-phenyl-
alanine/
Tween 20
{5.6} 5010/ 30/ 4.4 > 20°C
- 19/ ¥-ray amorphous
1074 powder
0.1
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Storage stability of Example 5.3 in refrigerator, at RT and
40°C for 3 months

HMW aggregates EPO dimers
Fridge RT 400°C Fridge RT {20-22°C) 40°C
(4-6°C) {20-22°C) (4-69C)
5.3
Initial <0.1% <0.1%
After 2 <0.1% <0.1% <0.1% <0.1% <0.1% <0.1%
menths
after 3 <Q.1% <0.1% <0,1l% <0.1% <0..% 0.1%
months

Content of HMW aggregates and EPO dimers in a formula not
according to the invention immediately after drying:

Example EPO Residual HMW EPO dimers
u/ water aggregates %
carbo- content %
hydrate %
ng/ml
EFO/
lactose
(5.7} 7010/ 3.4 9 2
50

Example 6

The following Examples 6 to 12 illustrate the effect
of the chosen conditions in the process according to the

invention on the final products. The following formulas 1 to

4 were investigated:

Mixture (formula) 1:

Sucrose, L-arginine and L-phenylalanine (5:1:1)

Mixture (formula) 2:
L-Arginine, L-aspartic acid and L-isoleucine (3:1:1)

IFFO00662906
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Mixture (formula) 3:

L-Arginine and L-phenylalanine (1:1)

Mixture (formula) 4:

L-Arginine, L-phenylalanine and L-aspartic acid (3:1:1)

Spray drving of substance mixtures 1 to 4:

Starting Compeosition of the scluticn
materials
Mixture 1 2 3 4
sucrose 50 mg/ml
L-Arginine 10 mg/ml 30 mg/ml 20 mg/ml 30 mg/ml
L-Phenyl- 10 mg/ml 20 mg/ml 10 mg/ml
alanine
L-Aspartic 10 mg/ml 10 mg/ml
acid
L- 10 mg/ml
Isoleucine
Example 7

Spray drying with different inlet air temperatures

The four mixtures were spray dried at three different
inlet air temperatures, namely at 100°C, 140°C and 180°C. A
very important parameter in the spray dryving is the rel.
meoisture content in the staticnary phase of the spray drying.
The stationary phase is regarded as being the drying section
where the process cof drying the sprayed particles i1s complete
and the maximum temperature stress on the dried sprayed
particles is reached. The relative molsture content in the
stationary phase determires the moisture content of the
product after the drying. The relative moisture content to be
chosen in this case depends on the composition of the
formulation. The relative moisture content in the stationary
phase for the four mixtures was chosen according to the
invention to be very low at less than 40% (specifically about
10% in this case). This established whether spray drying of

IFFO00662807
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mixtures 1 - 4 is still in fact possible. Spray drying cf the
four mixtures was possible satisfactorily under the

abovementicned conditions. In all cases. fine-powder spray
embeddings (> 90%) .

were no deposits on the tower cone and the pipelines, and

{SE} were obtained in good yield There

discharge of the products wag posgible satisfactorily despite

the low dust/air ratios {<< 50 g/Nm® (STP)}).

Relative moisture content 10%

Inlet air Rel. moisture Water Solid {from
tamperature content, vaporization 7% strength
stationary rate solution)
phase
o % Approx. g/n approx. g/h
60 i 100 7.5
100 20 600 45.2
140 10 2000 75.3
180 0 140G0 135.4
Example 8
Tests on the spray embedding products (SE)
a} pH, density, water content, osmolality
Mixture Inlet air SE water PE Density Csmolality
temperature content Iritial Initial Initial
sclution solution/ seluticn/
/ SE 5= SE
oc ¥ g/cm’ nosm/kg
Mixture 100 3.2 7.4/7.44 1.9025/ 2707272
1 1.023
Mixture 140 3.0 7.4/7.44 1.9025/ 270/270
1 1.022
HMixture 180 3.0 7.4/7.43 1.025/ 2707273
1 1.020
Mixture 100 3.5 T.4/7.44 1.017/7 2927270
2 1.022
Mixture 180 2.6 7.4/7.44 1.0L177 2927279
2 1.022
Mixture 10¢ 2.4 T.4/7.43 1.013/ 2167213
3 1.010

IFFO00662908

360



10

15

20

25

30

CA 02253154 1998-10-30

22
Mixture 180 2.7 7.4/77.43 1.013/7 216/21z2
3 1.011
Mixture 100 3.6 7.4/7.38 1.018/ 274/254
4 1,023
MIxture 180 2.7 7.4/7.37 1.018/ 274/254
4 1.023

The spray embeddings dissolved in water gave
identical values for the pH, the density and the osmolality
as for the initial solution. The water content of the spray
embeddings decreased slightly as the inlet air temperature
increased, although the rel. moisture content in the
stationary phase was kept constant. In particular, mixture 1
showed an almost constant water content at all inlet air

temperatures.

b) Crystal structure

Irrespective of the inlet air temperatures, all the
spray embeddings are X-ray amorphous by comparison with the

initial mixtures.

c) Electron micrographs

The electron micrographs of the spray embeddings from
mixture 1 show that the SE particles are in the form of
almost ideal complete spheres, with the surface changing from
a texture resembling a golf ball to a smooth appearance with
increasing inlet air temperature. To demonstrate that
complete spheres are present, the spray embeddings were
ground. The completely spherical shape can be deduced
unambigucocusly from the fragments. The mode of atomization,
nozzle or disc atomization, has nco effect whatsoever on the

shape of the SE particles.

d) Particle size distribution

Mixture 1 was used to demonstrate that the particle
size distribution remains approximately constant at different

spraying rates.

IFF0006629209
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Inlet air Rel. Spraving Particle Particle
temperature meisture rate size size
content, dl0/d50/ds0 RRSB-4’
stationary
phase
°C % c/h Hm um
100 10 640.0 0.8/3.7/8.7 5.7
140 10 1035.0 0.6/5.3/12.¢6 6.6
180 10 1455.0 0.7/4.0/11.9 6.3

It was also established that virtually

identical

particle size distributions are obtained with the same inlet

air temperature and approximately the same spraying rate.

Inlet air Rel. Spraying Particle Particle
temperature moisture rate size size
content, dl0/d5G/4d90 RRSB-4’
stationary
phase
°C % G/h m .
100 10 566.0 0.7/4.0/10.5 5.8
100 10 640.0 0.8/3.7/9.7 5.7
140 10 1067.5 0.8/4.0/11.56 6.2
140 10 1035.0 0.6/5.3/12.6 6.6
Example 9

Measurement of the glass transition temperature (Tg) by

differential scanning calorimetry {DSC)

To determine the glass transitions of the dried

samples, and the crystallization and melting peaks, a DSC 7
apparatus from Perkin—Elmer*(ﬁberlingen) with CCA 7 low-

temperature control with ligquid nitrogen (Messer, Griesheim)

and a TAC 7/DX signal transducer was used. The weights of the

samples were between 5 and 20 mg, weighed into aluminium

crucibles [(Perkin-Elmer) previously weighed using an

autobalance AD4 microbalance (Perkin-Elmer).

* Trademark

362
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were then tightly closed with a 1id {Cover,

using a universal closure press

24

Perkin-Elmer:}

(Perkin-Elmer), placed in the

measurement cell flushed with nitrogen and measured at a

heating rate of 10°C/min.

[5)]

The Tg of mixture 1 were determined by means of DSC.

With a water content < 4%,

advantagecously far above room temperature,

the respective Tg were

which means that

the mixtures are very suitable for stakilizing biclegical

10 material, in particular human proteins.

Inlet air SE water Tg
temperature content
°C % °C
100 3.2 57.6
140 3.0 58 .8
100G 3.8 57.0
140 7.5 28.2
Example 10

Differing rel. moisture content in the stationary state

It is shown with mixture 1 now far the rel. moisture

content of the stationary phase influences,

20 which are otherwise constant,

and thus the Tg.

363
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Inlet air Rel. Water Tg

temperature moisture content

content,
staticnary
phase
=C % % ec
140 4 1.5 67.7
140 10 3.0 58.8
140 25 5.9 31.7
140 33 6.5 28.1
140 36 7.5 28.2
Example 11

Effect of the initial concentration of the solution on the

spray embedding

An increase in the initial concentration of the
solution is possible in principle up to the solubility limits
determined by the ancillary substances and results in almost
the same physical properties of the spray embeddings as from
a 7% strength scolution. This is illustrated by the following

table based on mixture 1.

Inlet air Concen- Tg/water Particle Particle

temperature | tration of content pH size size
the d10/d50/d80 RRSB-d’

solution

°C % °C/% um pm

100 15 57.3/3.6/7.5 10.8/4.6/12.9 6.7

100 15 52.8/3.4/7.44 1 0.7/4.6/10.8 6.0

100 7 57.6/3.2/7.38 0.8/3.7/8.7 5.7

364
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Example 12

al Testing of various atomization units {two-compcocnent

nozzle, atomizer disc) using mixture 1

The use of different atomizaticon units has effects on

the particle size distributions of the spray embeddings.

Inlet air Atomi- Atomi- Particle Particle Gradient
tempera- zation zetion size size of the
ture unit pressure digs4dso/s RR3B-¢* line in
or speed aso the RRSB
of grid

rotation

°C um Bar/rpm Lum M 1
100 two-Comp . 3 bar 0.8/3.7/ 5.7 1.018
nozzle 5.7
140 two-comp . 3 bar 0.6/53.3/ 6.6 1.052
nozzle 12.6
180 two-comp. 3 bar 0.7/4.0/ £.3 0.994
nozzle 11.9
100 disc max. 1.7/11.9/ i5.3 1.238
23.3

Disc atomizaticn is unsuitable for pulmonary uses cof
the SE products, which require particle sizes < 10 um. In
addition, the flexibility of the two-component nozzle is
considerably greater than that of & disc for shifting
particle size ranges. A disadvantage is that on sterile
operaticn with two-component atomization it is necessary for
the atomization medium to bhe sterilized by filtraticn. The
other physical parameters of the SE procducts do not depend on
the mode of atomization, appearance included. Atomization
media which can be employed are the known media such as
compressed air cr inert gases such as, for example, noble

gases {neon, argon etc.) or carbon dioxide.

IFF000662913
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b) Different nozzle combinations

The specific nozzle combinations (three-component
neczzles) are used for feeding and atomizing two liguids

simultaneously.

The spray embeddings obtained with both wvariants of
the three-component nozzle had physical perameters agreeing
with those of the spray embeddings obtained from the two-
compenent atomization. Even the Tg and the X-ray-amorphous

form were identical.

Example 13

Reproducibility with identical/different batch sizes

The process is reproducible with identical cor
different batch cizes as shown by the example of mixture 1.
The SE products obtained in all cases have physical
parameters of the spray embeddings which are within very
narrow limits. It is thus possible to apply the results of
the trial batches directly to larger batches, and hence a

prcoccess ready for production is avallable.

Inlet air Batch Crystal Particle Particle DSC Tg/
tempeara- size structure size size water
ture d10,450/890 RRSB-4’ content
oC Items Hm Km °C/%
100 10C0 X-ray 0.8/3.7/ 5.7 57.6/3.2
amerpheous 9.7
140 10C0 X-ray 0.6/5.3/ 6.6 58.8/3.0
amorphous 12.6
180 10C0 X-ray 0.7/4.0/ 6.3 57.0/3.0
amorphous 11.9
140 2000 X-ray 0.8/4.0/ 6.2 58.8/2.8
amorphous 11.6
100 300 X-ray F.T774.07 5.8 57.0/3.2
amorphous 10.5

IFF000662914
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WE CLAIM:

1. A process for producing dry, amorphous products which, besides
biologically active material, contain a substance mixture for stabilization,
characterized in that a solution or suspension of biological material and the substance

mixture consisting of one, two or all of the following components (a), (b) and (c):

{a) a carbohydrate and at least one amino carboxylic acid or derivatives
thereof,

(b) at least two amino carboxylic acids or derivatives thereof,

(c) at least one amino carboxylic acid or a plurality of amino carboxylic

acids or derivatives thereof,

is produced and dried by means of convection drying with adjustment of a relative
moisture content of < 70% (g/g) in the stationary phase at an inlet air temperature of
50 - 300°C.

2. The process according to Claim 1, characterized in that the solution or
suspension prepared according to variant (c) is adjusted to a specific pH before the

convection drying,

3, The process according to any one of Claims 1 to 2, characterized in that
the substance mixture is employed of group (a) which comprises mono-, oligo-,
polysaccharides, arginine, aspartic acid, citrulline, glutamic acid, histidine, lysine,
acetylphenylalanine ethyl ester, alanine, cysteine, glycine, isoleucine, leucine,

methionine, phenylalanine, tryptophan, valine or derivatives thereof.

4, The process according to any one of Claims 1 to 2, characterized in that
the substance mixture is employed of group (b) which comprises arginine, aspartic
acid, citrulline, glutamic acid, histidine, lysine, acetylphenylalanine ethyl ester,
alanine, cysteine, glycine, isoleucine, leucine, methionine, phenylalanine, tryptophan,

valine or denvatives thereof,

367
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5. The process according to any one of Claims 1 to 2, characterized in that

the substance mixture 1s employed of group (<).

6. The process according to Claim 5, characterized in that the substance
mixture is employed of group (c) which comprises the salts of arginine, aspartic acid,
citrulline, glutamic acid, histidine, lysine, acetylphenylalanine ethyl ester, alanine,
cysteine, glycine, isoleucine, leucine, methionine, phenylalanine, tryptophan, valine

or derivatives thereof.

7. The process according to any one of Claims 1 to 6, characterized in that
one or more substances of the groups of proteins, peptides, glycoproteins,
lipoproteins, enzymes, coenzymes, antibodies, antibody fragments, virus constituents,
cells and cell constituents, vaccines, DNA, RNA, biological therapeutic and

diagnostic agents or derivatives thereof are employed as biological material.

8. The process according to any one of Claims 1 to 7, characterized in that
conventional ancillary substances from the groups of buffers, surfactants,

antjoxidants, isotonicizing agents and preservatives ar¢ added to the solution.

9. The process according to any one of Claims 1 to 8, characterized in that
the drying takes place by fluidized drying, lift air or flight drying.

10. The process according to any one of Claims 1 to 8, characterized in that
the drying takes place by spray or fluidized bed drying.

11. The process according to any one of Claims 1 to 10, wherein the

biologically active material comprises therapeutically active material.

12. The process according to any one of Claims 2 to 11, wherein the specific
pHisapHof7.0-7.5.

13. Amorphous, microscopically homogeneous products containing a
biologically active material and a substance mixture for stabilization, with a glass
transition temperature > 20°C and a residual moisture content < 8% (g/g) obtained by

the process a defined in any one of Claims 1 to 12.

368
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14. The amorphous products according to Claim 13, characterized in that they

have a glass transition temperature > 40°C and a residual moisture content < 4% (g/g).

15. The amorphous products according to Claim 13 or 14, characterized in that

they are in the form of powders in a particie size range of from 0.0005 mm to 1 mm.

16. The amorphous products according to Claim 15, wherein the particle size

range is from 0.001 to 0.1 mm.

17. A use of amorphous products of Claims 13 to 16 for producing diagnostic

or therapeutic compositions.

18. A use of substance mixtures consisting of one, two or all of the following

components (a}, (b) and (¢):

(a) a carbohydrate and at least one amino carboxylic acid or derivatives

thereof,
(b} at least two amino carboxylic acids or derivatives thereof,

(c) at least one amino carboxylic acid or a plurality of amino carboxylic

acids or derivatives thereof,

for stabilizing biologically active material by means of spray drying with adjustment
to a relative moisture content of < 70% in the stationary phase at an inlet air

temperature of 50 - 300°C.

19, The use of Claim 18, wherein the biologically active material is

therapeutically active material.

369
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SPRAY-DRIED POLYMER COMPOSITIONS AND METHODS

Field of the invention

This invention relates generally to processes for spray drying dispersions,
emuisions and microemulsions containing water-soiuble or water-swellable polymers to
obtain substantialty dry water-saluble or water-swellable polymer particles, compositions
of substantially dry water-soluble or water-swellabie polymer particles, and methods of
using said polymer particles in water-treating, mining, paper, bictechnological, food

processing, soll conditioning, solution thickening, and oil recovery applications.

Background of the Invention

High molecular weight, water-soluble and water-swellable polymers produced
from such monomers as acrylamide are commercially important materials. These
polymers find use as flocculants for mining operations to recover ore from slurries, water
treating to remove suspended impurities etc., in agriculture as soil conditioners, and also
in paper making to aid paper formation and in oil recovery induétries.

Water-soluble and water-swellable poiymers are generatly commercially available
in solution, dry, dispersion, water-in-oil emulsion, and water-in-oil microemulsion forms.
In many cases polymer solutions are convenient, but may be limited to low molecular
weight polymers and/or low solids levels because af the problem of handling viscous
solutions of nigh solids, high molecular weight polymers. At very high solids and/or
moiecular weights, the solutions form gels that can be comminuted to form fine polymer
gel particles that may be dissolved into water by the end-user. Although these
comminuted gels typically contain up to about 20% water, they are frequently calied
“dry” polymers to distinguish them from the other product forms. In many cases the dry
polymers exhibit long dissolution times and poor handling characteristics e.g. dusting.
Although some handling problems may be mitigated by agglomeration see e.g. EP 0 277
018 A2; U.S. Patent Nos. 3,279,924 3,275,449, 4,696,762; 5,171,781; both solutions
and gele of water-soluble and water-swellable polymers may also suffer from the lack of
a convenient method for post-reacting or functionalizing the polymer,

Another problem relates to blends of dry potymers, patticularly when blending dry
polymers having different particle sizes or particle size distributions. It is well known that
dry polymer pariicles tend to stratity on handling and storage, with the larger particles

1
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tending to settle towards the bottom of the container, and the smalier particles tending to
be concentrated towards the top. Stratification may be inconvenient because differences
in handling characteristics are encountered as a function of container depth. The
stratification problem may be exacerbated when two different dry polymers are blended
together, because the particle size distributions of the two products are generally not
identical. Stratification on storage may aifect blend product periormance as the top of
the container tends to become enfiched in the polymer having the smalier particle size.
For obvious reasons, changes in product performance as a function of storage depth are
to be avoided, and it is generally preferred that each polymer be of similar particle size,
see e.g. EP 479 616 A1 and U.S. Patent No. 5,213,693. However, when producing dry
polymer by spray-drying, changes in production e.g. changes in dryer size, dryer
temperature, bulk viscosity of the feed, atomizer type, etc. may affect particle size, and it
may be difficult ar impossible to achieve a desired particle size while simultaneously
maintaining some other production parameter, so blends of spray-dried polymers may be
adversely affected by stratification.

The advent of water-in-oil emulsion and water-in-oil microemulsion forms of
water-solubte and water-swellable polymers solved some of these problems, e.g. blends
of water-in-oil emulsions and water-in-oil microemulsions as disciosed in U.S. Patent
Nos. 5,914,366; 5,763,530; and 5,763,523 do not tend to stratify, and high
solids, high molecuiar weight, and relatively fast dissolution times may all be obtained
simultaneously. In addition, unique functionalized polymers may be produced that
cannot be practically manufactured by polymerization in solution. For instance, U.S.
Patent Nos. 4,956,399: 4,856,400; 5,037,881; and 5,132,023, teach that junctionalization
of a water-soluble polymer contained in a water-in-oil microemulsion can be carried out
to produce high molecular weight charged polymers with advantageous flocculation
performance. The use of microemulsions, as opposed to emulsions, in polymer
production provides improved polymer performance prapenies among other benetits.
Hydrolyzed polyacrylamides with uniquely high motecular weight are disclosed in U.S.
Patent No. 5,286,806. in U.S. Patent No. 4,767,540, very high molecular weight
hydroxamate-functionalized polyacrylamide is disclosed, and novel charged organic
polymer microbeads are disclosed in U.S. Patent Nos. 5,274,055 and 5,167,766. In
addition, methods for esterifying (meth)acrylic acid polymer and, optionally,
hydroxamating said polymers are disclosed in U.S. Patent -No. 5,847 056.

Despite the many benefits provided by emuision and microemulsion polymers,

2
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transporiation costs associated with such materials remain high and disposal of the oit
and emulsifier in the emuisions may pose environmental concemns as sécondary
pollution. Moreover, many emulsion and microemulsion polymers tend to exhibit stabiiity
problems, e.g. detrimental changes in polymer properties and/or performance as a
function of time. Although U.S. Patent Nos. 5,914,366, 5,763,530; 5,763,523 4,956,399,
4,956,400; 5,037,881; 5,132,023; 5,274,055; and 5,167,766 mention non-

soivent precipitation and stripping as methods of recovering dry polymer products from
water-swellable or water-soluble polymer microemulsions or microemulsion-containing
blends, these methods may produce a dry polymer with undesirable handling properties,
poor dissolution times, low bulk density, etc. Practically, non-solvent precipitation and
stripping may be inconvenient and expensive.

Water-solubie polymers may also be prepared in the form of suspensions or
dispersions of palymer beads or droplets in a non-aqueous liquid e.g. oil. The reverse
phase polymerization process described in U.S. 4,528,321 is said to form dispersions of
water-soluble polymers. Water-soluble poiymer dispersions, which may be
azeotropically dried, are disclosed in U.S. Patent No. 4,628,078. U.S. Patent 4,506,062
discloses a reverse phase suspension polvmerization process for the production of high
molecular weight, water-soluble polymers and also reports that dry polymer beads may
be obtained by azeotropic evaporation followed by filtration. However, a prablem '
remains in that azeotropic dislillation tends to be energy-intensive, and the filtering
process may be hazardous or inconvenient.

Although dry polymers may be obtained from vinyl-addition polymer-containing
water-in-cil emulsions, water-in-cil microemulsions or dispersions by such methods as
precipitation in a non-solvent, stripping, etc., these methods may also be impractica) for
economic and environmental reasons because of difficulties in recavering, purifying and
recycling the oil. Although the oil recovered from an emulsion or suspension
polymerization may occasionally be recycled without further purification, as disclosed in
U.S. 4,212,784 and JP 50-124979, in other cases e.g. S.LR. HI15 additional
purification steps are necessary. The level of impurities in the oit is an imponant
consideration, as cerain polymerizations e.g. chain-growth polymerizations, or
polymenzations used to make very high molecular weight polymers, are especially
sensitive to even trace amounts of polymerization-debiiitating substances. Particular
problems are aiso encountered where the polymer has been forined from monomers in
the presence of the oil or the oil has been heated or subjected to processing steps,
which may have a tendency to deposit polymerization-debilitating impurities in the oil.

3
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Spray-drying is the ransformation of feed from a fluid state to a dried particulate
form by spraying the feed into a hot drying medium, typically a hot gas. Spray-drying is
widely used to produce a diverse range of products e.g. instant coffee, dried eggs,
instant mitk, househoid detergents, pharmaceutical products, pigments, cosmetics,
starch, plastics, ceramics. etc. Typical spray-drying equipment, drying procedures, efc.
are described in detail in known references e.g. “Spray Drying Handbook," by K.
Master, 5th Ed., Longman Scieniific, 1991.

Aqueous solutions of water-soluble polymers may be spray dred as in U.S.
Patent Nos. 3,803,111 and 4,892,932. U.S. Patent Nos. 4,847,309 and 4,585,809
disclose processes for spray-drying acrylic polymer-containing ehuisions, U.S. Patent
No. 4,798,888 discloses a process for spray-drying a polysaccharide emulsion, U.S.
Patent No. 4,816,558 discloses a process for spray-drying an agueous dispersion of a
synthetic resin and U.S. Patent No. 4,112,215 discloses a process for spray-drying an
agueous dispersion of a copoiymer. U.S. Patent No. 5,025,004 discioses a process for
spray-drying an emuision of a water-insoluble polymer.

U.S. Patent No. 4,035,317 teaches that water-in-oil emulsions of water-soluble
vinyl-addition polymers may be spray dried. under certain conditions, to produce free-
flowing, non-dusting polymer paricles which rapidly dissolve in water. Powders of
polyacrylamide, acrylamide/acrylic acid copolymer, and acrylamide/dimethylaminopropyl
methacrylate copolymers are described therein. The size range of the spray-dried
products is such that none are smaller than about 325 mesh (about 40 microns), at least
about 50% are larger than about 120 mesh (about 122 microns), and substantially none
of the particles are larger than about 20 mesh (about 841 microns). These particles do
not clump when added to water and dissoive much faster than traditional dry or gel
particles of water-soluble polymers. When the spray-dried panicles are eilher larger or
smaller than this size range, hawever, they dissolve with difficulty. Although the
invention of U.S. 4,035,317 was a significant advance in the an, a difficulty nevertheless
remains with respect to certain polymers, in that the spray-drying methods of said patent
gives polymers whose properties are undesirably changed refative to the emulsion or
microemulsion form. Attempts to spray-dry Mannich polyacrylamides according to the
teachings in the art resulted in polymer powder exhibiting reduced flocculation
performance, compared to that of the corresponding polymers used in the microemuision
form. Furthermore, the viscosities of solutions of the spray-dried products tended to be
significantly lower than desired.

Accordingly, there exists a need for a method of recovering water-soluble and
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water-swellabie polymers from dispersions, water-in-oil emulsions or water-in-oil
microemulsions to produce rapidly dissolving water-soluble polymers without adversety
affecting polymer properties. It would also be advantageous 1o provide blends of two cr
more spray-dried dry polymers and methods for production thereot wherein 90% or
greater of the particies in the blend are each individually corﬁprised of two or more
polymers, so that the effect of stratification on the blend Is minimized. There also exists
a need for an economical method for producing substantially dry polymers having good
handling and dissolution properties. It would also be advantageous to provide methods
for spray-drying dispersions, water-in-cil emuisions and water-in-oil microemulsions
which eliminate or reduce undesirable product changes, and enable component
recycling or reuse.

A method has now been discovered for producing substantially dry waler-soluble
and water-swellable vinyl-addition polymers by spray-drying the corresponding polymer
dispersion, water-in-cil emuision, or water-in-oit microemulsion. Surprisingly, novel dry
polymer products are obtained whose properties and/or performance are not
detrimentally changed by the spray-drying process. Sumprisingly, substaniially dry
polymers preduced by methods of the instant invention tend to have improved stability
relative to the corresponding dispersion, water-in-oit emulsion, or water-in-oil
microemulsion polymers. Advaniageous blends of two or more spray-dried dry polymers
and methods ior production thereof are also provided, wherein 0% or more of the
particles in the blend are each individually comprised of two or more polymers.
Surprisingly, the dissolution and handling characteristics of the spray-dried polymer
particles of the instant invention are improved by agglomeration. Methods of using the
instant compositions of polymer patticles and agglomerates in water-treating, paper
making, mining, oil, and agricultural industries are disclosed. In further embodiments of
the invention, the oil phase of the water-in-oil emulsion or water-in-oil microemulsion is

“recovered, and purified in another embodiment, said oil phase being surprisingly

substantially free of polymerization-debilitating substances.
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Summary of the Invention

In one aspect Lhe present inventlon provides
polymer agg_omerates comprised of porcus polymer particles
having at least one opening in their walls, wherein said
agglomerates have a size in the range of about 120 to akout
1500 microns, wherein at least about 5% of said agglomerates
are larger than about 900 microns, and wherein said
agglomerates are comprised of a water-soluble vinyl-addition
pclymer, or a crosslinked water-insoluble vinyl-addition
polymer which would be water-soluble if nol <rosslinked,

(1) having pendant groups selected from the grcup consisting
of amide, tertiary aminomethyl, quaternized tertiary
aminomethyl, hydroxyl, glyoxal, sulfonate, sulfonate salt,
carboxylic acid, carbkoxylic acid salt, hydroxamic acid, and
hydroxamic acid salt, or (ii) containing recurring units
sclected from the group consisting of

dialkylamincalkyl (alk)acrylate,

dialxylaminoalkyl (alk)acrylate salts, and guaternized

dialxylaminoalkyl (alk)acrylate.

In another aspect, there is provided a polymer
composition comprised of (a) porous polymer particles having
at least one opening in tneir walls and (b} polymer
particles that do not have at least one opening in their
walis, wherein said (a) and (b) are comprised of a water-
soluble, acetone-insoluble, vinyl-addition polymer, or a
crosslinked water-inscluble viny_ -addition polymer which
would be water-soluble and acetone-inscluble if not
crosslinked, (i) having pendant groups selected froum the
group consisting of amide, tertiary aminomethyl, quaternized

tertiary aminomethyl, hydroxyl, g.yoxal, sulfonate,

ba
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sulZonate salt, carboxylic acid, carbexylic acid salt,
hydroxamic acid, and hydroxamic acid salt, or

{ii) containing recurring units selected from the group
consisting of dialkylaminoalkyi{alk)acrylate,
dialkylaminocalkyl {alk}acrylate szalts, and guaternized
diaikylamincalkyl {alk)acrylate, and wherein said {a} and (b}
have a size in the range of asbout 200 microns to abkout

1200 microns.

The present invention also provides a methed of
treating suspended solids, comprising {&a) intermixing the
polymer agglomerates or opolymer composition of the invention
te form an agqueous mixture, (b} intermixing said aqueous
mixture with suspended solids; and {c} separating resultant

concentrated solids from resultant aqueous liquid.

According to the instant invention, there is also
crovided a process for producing substantially dry water-

soluble or water-swellable winyl-addition pclymer particles
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comprising (a) spray-drying a \)inyl-addition polymer-containing dispersion, water-in-git
emulsion or water-in-oil microemuision into a gas stream with a residence time of about
8 to about 120 seconds and at an outlet temperature of about 70° C to less than 100° C
and (b} collecting resuitant polymer particles.

In another embodiment, there is provided a process for producing substantially dry
water-soluble or water-swellable vinyi-addition polymer agglomefates comprising (a)
spray-drying a vinyl-addition polymer-containing water-in-oil emulsion or water-in-ail
microemuision into a gas stream with a residence time of about 8 to about 120 seconds
and at an outlet temperature of about 70° C to abaut 100° C, (b} collecting resultant
polymer particles, and {(c) agglomerating said polymer paricles to form aggtomerates.

in another embaodiment, there is provided a process for producing substantially dry
water-soluble or water-sweliable polymer particles from a blend, comprising: {a) spray-
drying a blend comprised of, or made by intermixing (i) a first water-soiuble ar water-
swellable vinyi-addition paiymer-containing dispersion, water-in-oii emulsion or water-in-
oil microemulsion and (ii) a second water-scluble or water-swellable vinyl-addition
polymer-containing dispersion, waier-in-oil @mulsion or water-in-oil microemulsion, into a
gas stream with a residence time of about 8 to about 120 seconds and at an outlet
temperature of about 70° C to about 150° C and (b) collecting resultant polymer
particles.

In yet another embodiment, there is provided a process for producing substantially
dry water-soluble or water-swellable poiymer agglomerates from a biend, comprising: (A)
spray-drying a blend comprisea of, or made by intermixing, () a first water-soluble or
water-swellable vinyl-addition polymer-containing water-in-oil emulsion or water-in-oil
microemulsion and (ll) a second water-soluble or water-sweltable vinyl-addition polymer-
cantaining water-in-oil emulsion or water-in-oil microemulsion, into a gas stream with a
residence time of about 8 to about 120 seconds and at an cutlet temperature of about
70° C to about 150° C, (B) collecting resuitant polymer particles, and (C) agglomerating
resultant polymer particles.

in ancther embaodiment, there is provided a process for producing substantially dry
water-soluble or water-swellable polymer aggiomerates comprising (a) spray-drying a
vinyi-addition polymer-containing dispersion, water-in-cil emulsicn, or water-in-oil
microemulsion (b) collecting resultant polymer particies; and (c} agglomerating said
resuitant polymer particles.

In yet another embodiment, there’is provided a process for recovering oil from a

water-soluble vinyl-addition polymer-containing dispersion, water-in-oil emuision, or
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water-in-oil microemulsion spray-drying process, cumprising (a) condensing spray-dry
process-generated oil and water to obtain condensed oii and condensed water; and (b)
separating said condensed o from said condensed water, wherein said condensed oil is
substantially free of non-gaseous polymerization-debilitating substances.

In still another embodiment, there is provided a process for purifying spray-dry
process-generated oil, comprising (a) spray-drying a water-soluble vinyl-addition
polymer-containing dispersion, water-in-oil emulsion, or water-in-oil microemuision; (b}
recovering spray-dry process-generated ofl to obtain recovered oif; (¢) intermixing said
recovered oil with aguecus liquid to obtain puritied cil; and (d) separating purified ail
substantially free of non-gaseous polymerization-debilitating substances.

in a further embodiment, there is provided a process for purifying spray-dry process-
generated oil, comprising (a) spray-drying a water-soluble vinyl-addition polymer-
containing-containing water-in-oif emuision or microemuision into a gas stream with a
residence time of about B8 to about 120 seconds and at an cutiet temperature of about
70° C to about 120° C or at an outlet temperature of about 70° C to about 95° C; (b)
collecting resultant polymer particles; (¢} recovering spray-dry process-generated oil to
obtain recovered oil; {d) intermixing said recovered ofl with agueous liquid to obtain
purified o#; and (e} separating purified oil substantially free of non-gaseous
polymerization-dehilitating substances.

in a still further embodiment, there is provided substantially dry water-soluble or
water-swellable polymer particles comprised of a functionalized polymer, or a polymer
having pendant groups selected from the group consisting of amide, tertiary
aminomethyl, quatemized tertiary aminomethyl, hydroxyl, glyoxal, sulfonate, suifonate
salt, carboxylic acid, carboxylic acid salt, hydroxamic acid, hydroxamic acid salt,
diatkylaminoaikyl{alk)acrylate, dialkyiaminoaikyl(alkjacrylate saits, and guatemized
dialkylaminoalkyl(alk)acrylate, said pariicles having a buik density of about 0.4 grams
per cubic centimeter to about 1.0 grams per cubic centimeter, as well as substantially
dry water-soluble or water-swellable polymer agglomerates resulting from the
agglomeration of these particles, and a method of treating suspended salids, comprising
{a) dissolving, dispersing or intermixing substantially dry water-soluble or water-sweliable
polymer agglomerates with or in water to form a polymer solution, polymer dispersion, or
aqueous mixture, (b) intermixing said polymer solution, dispersion or agueous mixture
with suspended solids, and (¢) separating resultant concentrated seolids from resultant
aqueous liquid. )

Finally, there are provided substantially dry water-soluble or water-sweliabie polymer

7

IFF000661221
380



10

15

20

25

30

35

CA 02258751 1998-12-18%

WO 97/48732 PCT/US97/09788

paricles made by a process cdmprising (a) spray-drying a vinyl-addition polymer-
containing dispersion, water-in-oil emuision, or water-in-oil microernulsion into a gas
stream with a particuiar residence time, preferably in the range of about 8 to about 120
seconds, and at a particular outiet temperature in the range of about 70° C to less than
100° C and (b) collecting resultant polymer particles, said polymer particies having a
drying loss less than: (i) the drying loss of substantially dry water-soluble or water-
swellable polymer particles made by a process comprising (a) spray-drying said vinyl-
addition polymer-containing dispersion, water-in-oil emuision, or water-in-oil
microemulsion into a gas stream with a residence time of greater than about 120
seconds and at said particular outiet temperature and (b) collecting resultant polymer
particies; or (ii} the drying ioss of substantially dry water-soluble or water-swellabie
polymer particles made by a process comprising (a} spray-drying said vinyi-addition
polymer-containing dispersion, water-in-oil emuision, or water-in-oil microemulsion into a
gas stream with said particular residence time and at an outlet temperature of greater
than about 1C3°C and {b) collecting resultant polymer particles; or (iii) the drying joss of
substantially dry water-soluble or water-swellable polymer particles made by a process
camprising (a) spray-drying said vinyl-addition polymer-containing dispersion, water-in-oil
emulsion, or water-in-oil microemulsion intc a gas stream with a residence time of
greater than about 120 seconds and at an outlet temperature of greater than about 100°
C and (b) collecting resultant polymer particles, as well as substantially dry water-soluble
or water-swellable polymer agglomerates resulting from the aggiomeration of these
particles, and a method of treating suspended solids, comprising (a) dissolving,
dispersing or intermixing substantiaily dry water-soluble or water-sweliable polymer
aggliomerates with or in water to form a polymer sofution, polymer dispersion, or
aqueous mixture, (b) intermixing saic¢ polymer solution, dispersion or aqueous mixture
with suspended soiids, and (c) separating resultant concentrated soligs from resuitant

aqueous liquid

Detailed Description of the Preferred Embodiments

In accordance with the instant invention, vinyl-addition polymer-containing
dispersions, water-in-0il emulsions, and water-in-oil microemulsions are sprayed-dned by
a suitable means into a large chamber through which a hot gas is blown, thereby
removing most or ajl of the volatiles and enabling the recovery of the dried polymer.
Surprisingly, the means for spraying the dispersion, water-in-cil emulsion, or water-in-oil
microemulsion into the gas stream are not particularly critical and are nct limited to
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pressure nozzles having speciﬁéd orifice sizes; in fact, any known spray-drying
apparatus may be used. For instance, means that are well known in the art such rotary
atomizers, pressure nozzles, pneumatic nozzies, sonic nozzles, etc. can all be used to
spray-dry the dispersion, water-in-oil emuision, or water-in-oil microemuision into the gas
stream. The feed rate, feed viscosity, desired particle size of the spray-dried product,
droplet size of the dispersion, water-in-oil emuision, or water-in-oif microemulsion, etc.
are factors which are typically considered when selecting the spraying means. The size
and shape of the chamber, the number and type of spraying means, and other typical
operational parameters may be selected to accommodate dryer conditions using
common knowledge of those skilled in the art.

Although open cycle spray-dryers may be used, closed cycle spray-drying systems
are preferred. Gas flow may be cocurrent, counterclrrent or mixed flow, cocurrent flow
being preferred. The hot gas, or inlet gas. may be any gas that does not react or form
explosive mixtures with the feed and/or spray-dried polymer. Suitable gases used as
the inlet gas are gases known to thase skilled in the anr, including air, nitrogen, and
other gases which will not cause undesirable polymer degradation or contamination,
preterably gases containing about 20% or less oxygen, more preterably about 15% or
less oxygen. Most preferably, inert gases such as nitrogen, helium, etc. that contain
about 5% or less of oxygen shouid be used.

The dried polymer may be collected by various means such as a simple outlet,
classifying cone, bag filter, etc., or the polymer may be subjected 1o further stages of
drying, such as by fluid beds, or agglomeration. The means for collecting the dry
polymer product is not critical. The hot gas that remains after substantiaily ali ot the
polymer is removed from the feed generally contains volatiles such as oil, water, etc.
and may be vented tc the atmosphere or recovered, preferably recovered and most
preferably thereatter, recycled. The oil is generally recovered from a vinyl-addition
polymer-cantaining dispersicn, water-in-oil emuision, and water-in-oil microemulsion
spray-drying process by condensing spray-dry process-generated oil, preferably
cocondensing spray-dry process-generated oil and spray-dry process-generated water,
and separating condensed or recovered oil from condensed water. Said separating is
easily accomplished by simply draining off the lower layer, and/cr pumping off the upper
layer, as water and oit are essentially immiscible. The difference in boiling points
between water and oil may be such that the condenser may be operated at a
temperature so as to only condense the oil, reducing the energy costs associated with
condensing the vaporized water. However, it has been surprisingly discovered that
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cocondensation of both the water and oil may be beneficial, as the recovered or
cocondensed oil is generally substantially free of non-gaseous puolymerization-debilitating
substances. The volatiles are preferably condensed or cocondensead with a spray
condenser. Spray condensers are weil-known to those skilled in the art and function by
spraying a liquid into hot gas, causing the hot gas to cool and causing the volatile oil,
water, etc. contained in the hot gas tc condense. The spray condenser may utilize an
acueous liquid, preferably water, more preferably aqueous acid, most preferably
aqueous inorganic acid e.g. aqueous sulfuric acid. Polymerization-debilitating
substances are those that inhibit or retard polymerization, or act as chain-transfer
agents. Polymerzation-debilitating chain-transfer agents may have chain transfer
constants of about 10 or greater. Preferably, the condensed, cocondensed, or
recovered oil centains less than about 0.1% of such polymerization-debifitating
substances, more preferably less than about 0.05%, by weight based on total weight.

In some cases, recovered oii, which may be cocondensed or condensed oil, may
not be as free of impurities or pclymerization-debilitating substances as desired.
Recovered oil may be purified by intermixing said recovered oil with agueous liquid to
obtain purified oil and separating said purified oil from the resultant agueous liquid. Cil
purified in this manner is typically substantially free of non-gaseous polymerization-
debilitating substances, and is generally suitable for use in subseguent polymerizations.
Said aqueous liquid is preferably water, more preferably aqueous acid. Said acid is
preferably an inorganic acid, mare preferably sulfuric acid. In a preferred embodiment, a
vinyl-addition pclymer-containing water-in-oil emulsion or water-in-oil microemuision is
comprised of an oil recovered from a polymer-containing water-in-oil emulsion or water-
in-oil microemuision spray-drying process. Both purified oil and recovered oil may be
treated to remove gaseous polymerization-debilitating substances such as ammonia,
oxygen, mathylchlaride, dimethylamine, formaldehyde, etc. by known means such as by
sparging with an inert gas e.g. nitrogen, helium, etc.

One way to determine whether a treated, recovered, or purified oil is substantially
free of non-gaseous polymerization-debifitating substances is to use a patticular oil to
prepare a vinyl-addition polymer-containing dispersion, water-in-oil emulsion, or water-in-
oil microemuision which is subsequently spray-dried, and then to recover the condensed
or cocondensed oil and, optionally, to purify the recovered oil. If the resultant recovered
or purified oil is substantially free of non-gaseous polymernization-debilitating substances,
the molecular weight or solution viscosity of polyacrylamide prepared by polymerizing or
copolymerizing acrylamide in a water-in-oii emulsion or water-in-oif microemuision using
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said particular oil will generally be substantially the same as the malecular weight or
solution viscosity of polyacrylamide prepared by polymerizing acrylamide in a dispersion,
water-in-cil emulsion or water-in-oil microemulsion using said recovered or purified oil,
under otherwise substantially identical conditions.

In one embodiment of the instant invention, the level of formaldehyde in the
recovered ar punfied oil ocbtained by spray-drying a dispersion, water-in-oil emuision, or
water-in-oil microemuision, preterably a quaternized Mannich poly(alk)acryiamide
microemulsion, is typically less than ane hundred milligrams farmaldehyde per kilogram
of recovered or purified oil, preferably less than ten milligrams formalidehyde per
kilogram of recovered or purified oll, and most preferably less than one milligram
formaldehyde per kilogram of recovered or puritied oil. Formaldehyde may be
detrimental to certain types of polymerization processes, so that a very much reduced
tevel of formaldehyde in the recovered or purified oil is a substantiat advantage. It is
economically and envircnmentatly advantageous to recycle the oil for use in other
processes, inciuding the same or other polymerization processes. The lack of qif and
cerain residual chemical reagents from the post-reacticn step, in particular
tormaldehyde, in the polymer particles are slso substantial environmental advantages.

There are four interrelated aperating parameters in the instant spray-drying process:
gas inlet temperature, gas outlet temperature, product volatiies and residence time in the
dryer. The outlet temperature generally should be abeout 150°C or below, preferably
about 120°C ar below, more preferaoly less than 100°C, even more preferably about
95°C or below, most preferably about 20°C or below. The outlet temperature is
generally about 70°C or higher, preferably about 75°C or higher. Therefore, outlet
temperatures are generally about 70° C to about 150° C, preferably about 70° C to
about 120° C, more preterably about 70° C to less than 100°, even more preferably
about 70° C 10 about 95° C, most preferably about 75°C to about 90°C. Qutlet
temperatures bejow about 70°C may be suitable in certain instances, though generally
this is less preferred. For instance, at the cost of efficiency, spray drying could be
carrnied out at long residence times, high gas flow rates and low outlet temperatures.

Generally, the dryer should be operated at the iowest possible outlet temperature
consistent with obtaining a satisfactory product. To facilitate operating at the lowest
possible operating temperature, the vinyl-addition polymer-containing dispersion, water-
in-oil emulsion or water-in-oil microemulsion is preferably comprised of a volatile oil.
“Volatile”, for purposes of this invention, means that the boiling point or upper end of the
boiling point range of the il is about 200°C or below, preferably about 190°C or below,
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most preferably about 180°C or below. Although the use of an oil having a boiling poiﬁt
or upper end of the boiling point range of greater than 200°C may be acceptable in
some cases, the use of a volatile oil allows faor spray drying of the vinyl-addition polymer-
containing dispersion, water-in-oil emulsion or water-in-oil microemulsion to be carried
out at low outlet temperatures so that polymer degradation is avoided or substantially
reduced. Although in theory an oil with a very low bailing point, say room temperature
or below, would be most preferable to avoid product degradation, in practice oils with
fow boiling peints in this range may, under some circumstances, be unacceptable for
other reasons related to handiing and flammability. Thus, oils having a boiling point
within the range from about 70°C to 190°C, preferably from about 130°C to about 185°C,
most preferably from about 160°C to about 180°C are used. Suitable oils useful herein
include any organic hydrocarbor: liquids such as halogenated hydroecarbons, aliphatic
hydrocarbons, arcmatic hydrocarbons, mixtures of aromatic and aliphatic hydrocarbons,
etc. usually containing about 6 to about 12 carbon atoms. Preferred examples of
suitable hydracarbons include perchioroethylene, benzene, xyiene, toluene, mineral oil
fractions, kerosenes, naphthas, petroleum fractions and the like. A most preferred oil is
a material called lsopar*G manufactured by Exxon Chemical. Isopar G Is a mixture of
synthetic isoparaffinic hydrocarbons having a boiling point range of about 160°C to

about 177°C.

The intet temperature, the feed rate, and the compasition of the polymer emulsion
may all affect outlet temperatures. These parameters may be varied to provide a
desired outlet temperature. Feed rates are not critical, and generally will vary depending
on the size of the dryer and the gas tlow rate. Inlet gas terperature is less critical than
outlet gas temperature, and is generally about 140°C or above, preferably about 160°C
or above. The inlet gas temperature is preferably about 200°C or below and more
preferably about 180°C or beiow. Thus, preferred inlet gas temperature ranges from
about 140°C to about 200°C, more preferably from about 160°C to about 180°C. Proper
iniet gas temperatures lend to avoid product degradation on the high side and to avoid
inadequate drying on the low side.

Residence time is a nominal value obtained by dividing the volume of the dryer by
the volumetric gas flow. Residence time is generally at least about 8 seconds,
prefarably at least about 10 seconds. Residence time is generaily no more than about
120 seconds, preferably no more than about 90 seconds, more preferably no more than
about 60 seconds, and most preferably no more than about 30 seconds. Therefore, the
general range of residence time is about 8 to about 120 seconds, preferably about 10 to
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about 90 seconds, more preferably about 10 to about 80 seconds, and most preferably
about 10 to about 30 seconds. It is known to those skilled in the art that longer
residence times are to be expected when larger dryers are used or when the dryer is
run in a less efficient manner. For instance, at the cost of efficiency, longer residence
times would be expected at very low inlet temperatures and slow gas flow rates. As a
practical matter, the residence times useful in the present invention may vary from the
values described above, depending on the size and type of spray dryer used, the
efficiency at which it is operated, and other operational parametars. Thus, residence
times specified herein may be modified to accommodate dryer conditions using common
knowledge of those skilled in the art.

Any water-soluble or water-swellable vinyl-addition polymer-containing dispersion,
water-in-cil emulsion or water-in-oil microemulsion may be spray-dried by the processes
of the instant invention. For purposes of this invention, water-swellable polymers are
generallly those that have been crosslinked to a centain degree, preferably by forming the
polymer in the presence of certain amounts of crosslinking or branching agents.
Preferably, water-swellable polymers include microbeads of U.S. Patent Nos. 5.274.055
and 5,167,766. Water-soluble, branched polymers generally result when smaller
amounts of crossiinking agent are used to formulate the polymer, as in U.S. Patent
Nos. 6,147,176 and 5,961,840. Most preferably, the water-soluble
or waler-swellable vinyl-addition polymer-containing dispersion, water-in-oil emulsion or
water-in-oil microemulsion is as described in U. 8. Pal. Nos. 4,856,399, 4,956,400;
5,037,881, 5,132,023, 5,286,806, 4,767,540; 5,274,055, 5,167,766,

5,847,056, 6,147,176, and 5,961,840, The vinyl-addition

polymer content of the dispersion, water-in-oil emulsion or

water-in-oil microemulsion is generally about 10% or greater,

preferably greater than 15%, more preferably about 17% or greater, and most preterably
20% or greater, by weight based on total weight. _

Preterably, vinyl-addition polymer-containing dispersions, water-in-oil emulsions or
water-in-oil microemulsions are comprised of a polymer having pendant groups selected
from the group consisting of amide, tertiary aminomethyl, quatemized tertiary
aminomethyl, hydroxyl, glyoxal, sulfonate, sulfonate salt, carboxyiic acid, carboxylic acid
salt, hydroxamic actd, hydroxamic acid salt, dialkylaminoalkyl(alk)acrylale,
dialkylaminoalkyl(alk)acrylate salts, and quatemized dialkylaminoalkyi(aik)acrylate. Thus
the polymer may be Mannich poiy(alk)acrylamide, quatemized Mannich

poly(alkjacrylamide, hydroxamated polyacrylamide, esterified (meth)acrylic acid polymer,
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esterified (methjacrylic acid copolymer, and hydrolyzed polyacryiamide. Hydrolyzed
polyacrylamide may be formed by inadvertent hydrolysis during produétion, but is
preferably post-reacted e.g. deliberately reacted with acid or base to a degree of
hydrolysis of 5 mote% or more, preferably 10 mole% or more, based on total moles of
recurring units, most preferably as disclosed in U.S. Patent No. 5,286,806. The polymer
may contain recurring units selected from the group consisting of acrylamide,
dialkylaminoatkyl(alk)acrylate, dialkylaminoalkyl(alk)acrylate salts, quatemized
dialkylaminoalkyl(alk)acrylate, (meth)acrylic acid, and salts of {meth)acrylic acid.
Preferred polymers included (1) a polymer containing 10 mole % or more of recurring
units having pendant groups selected from the group consisting of carboxylic acid and
carboxylic acid salt and having a standard viscosity of at least about 8.0 cps, {2) a
poiymer containing 20 mole % or more of recurring uniis having pendant groups
selected from the group consisting of carboxylic acid and carboxylic acid salt and having
a standard viscosity of at least about 9.0 ¢ps, (3) a polymer containing at least about 1
mole % of tertiary aminomethyl graups, {4) an acrylamide polymer containing at least
about 1 mole% of quaternized tertiary aminomethyi groups, (5) an acrylamide polymer
containing at least about 1 mole% of hydroxamic acid or hydroxamic acid salt groups,
(6} an esterified polymer containing hydroxamic acid groups and carhoxylic acid groups
or salts thereof, and (7) an ionic, organic, polymer microbgad being less than about 750
nanometers in diameter if crosslinked and less than about 60 nanometers in diameter if
non-crosslinked and water-inscluble, the ionicity of the microbead being at least about

1%, preferably having 1 mole % or more of recurring units having pendant groups

' selected from the group consisting of carboxylic acid and carboxylic acid salt. Polymers

and copolymers of acrylamide are particularly preferred.

In a preferred embodiment, the vinyl-addition polymei-containing water-in-oil
emulsion or microemulsion is a Mannich poly(alk)acrylamide- or guatemized Mannich
poly(alk)acrylamide-containing water-in-oil emulsion or microemuilsion. Mannich
polyacrylamide and quatemary Mannich polyacrylamide water-in-oil microemulsions may
be heat treated prior to spray drying according to methods described in U.S. Patent

No. 5,627,260.

The instant invention is of particular value for preparing substantially dry,
functionalized or post-reacted poiymers. In many cases functionalized polymers are
those that may be or have been post-reacted, e.g. a chemical reaction has been
performed on the polymer after the formation of the polymer from the corresponding
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monomers, see e.g. U.S. Patent No. 4,956,400. The chemical reaction is generally
deliberate or purposeful, and polymers which are inadveriently or indiﬂerently reacted
e.g. slightly hydrolyzed during the course of production are not generally considered to
be functionalized. For example, Mannich poly(alkjacrylamides, quatemized Mannich
poly(alk)acrylamides, acid- or base- hydrolyzed polyacrylamides, hydroxamated
poly(alk)acrylamides, etc. are functionafized polymers that are difficult or impossible to
prepare in solution or gel form. Since the usual means of preparing dry polymers is via
a gel or solution polymerization as described above, dispersion, water-in-0il emulsion
and water-in-cil microemulsion may be the only practical method for the preparation of
functionalized or postreacted polymers.

The water-soluble or water-swellable vinyl-addition pelymer-containing dispersions,
water-in-gil emulsions or water-in-gil microemulsions of the instant invention are.
generally prepared by polymerization of the corresponding monomers, preferably as
described in U. 5. Pat. Nos. 4,956,399; 4,956,400; 5,037,881; 5,132,023; 5,286,806;
4,787,540; 5,274,055, 5,167,766; 5,847,058, 6,147,176;
and 5,961 ,B40. The monomers may be polymerized in a dispersion,
water-in-oil emulsion or water-in-oit microemulsion; water-in-oil emulsion or water-in-oil
microemuision are preferred. All dispersions, emulsions and microemulsions described
herein are inverse or water-in-oil. An emulsion, for purposes of this invention, is
generally defined as a composition comprising two liquids or phases which are insolubie
in each other along with a surfactant, surfactant mixture or emulsifier. A microemulsion,
for purposes of this invention, is generally defined as a thermodynamically stable
composition comprising two liquids or phases which are insoluble in each other along
with a surfactant, surfactant mixiure or emuisifier. Polymefic inverse microemulsions
which contain a continuous oil phase and a polymer-containing discontinuous phase
(usually aqueous) are prepared trom thermodynamically stable monomer
microemuisions. lnverse microemulsions have a narrow droplet size distribution and are
usually, but not always, optically transparent. The discontinuous polymer-containing
phase of a microemuision forms dropiets or micelles, which are usually aqueous and
usually have a volume average droplet diameter which is less than about 2500 A,
preferably less than about 2000 A, and most preferably iess than about 1000 A. Some

microemulsions may have a volume average droplet diameter as large as about 3000 A,

Water-in-oil emuisions are well-known in the art, see e.g. Vanderhoff U.S. Patent

No. 3,284,393, For the purposes of this invention, dispersions are compasitions
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compnised of polymer beads or dropiets that ara dispersed in a non-aqueous liquid e.g.
oil, generally with reduced surfactant levels, but generally including cther types of
stabifizers, as described in e.g. U.S. Patent Nos. 4,528,321; 4,628,078; and 4,506,062,

Homopotymers and copolymers of the monomers enumerated herein are fully
encompassed by the instant invention. Preferred nonionic monomers are water-soluble
monomers such as (meth)acrylamide, N-vinyl pyrrolidone, N,N-dialkyl{meth)acrylamide,
hydroxyalkyl(meth)acrylate, N-vinylformamide and the like. Small quantities e.g. about
10% or less, of other monomers having timited water solubility e.g. methyl acrylate,
styrene, methyl methacrylate, acryionitrile, vinyl acetate, etc. may also be used, provided
that the resulting polymer is water-sciuble or water-swellablz. Generally, water-swellable
potymers are crosslinked polymers, not polymers containing so many water-insoiuble
recurring units that they swell without dissolving in water. Acrylamide and
methacrylamide are especially preferred non-ionic monomers. Although, in some
instances, the polymer may contain 80% or even 100% nonionic monomer, preferably,
the polymer contains about 50% or less of nonionic monomer, preferably about 40% or
less, most preferably about 30% or less, by mole based on total males of polymer
repeat units. Water-swellable polymers ar water-soluble, branched polymers may be
produced by copolymerization with mutifunctional branching agents e.g.
methylenebisacrylamide.

Useful cationic monomers include salts and gquaternaries of
dialkylaminoalkyl(alk)acrylate and dialkylaminoalkyl(meth)acrylamide, and
diallyldialkylammonium halide. Preferred quaternizing agents are methyl chloride, ethyl
chloride, benzyl chioride, dimethylsuifate, and diethylsulfate. Preferred cationic
monomers include the methyl chlgride salt of dimethylaminoethyl{meth)acrylate, the
methyl chioride salt of dimethylaminopropyl(meth}acrylamide, and
diallyldimethylammonium chloride. Preferably, the polymer contains about 5% or more
of cationic monomer, preferably about 10% or more, most preferably about 30% or
more, by mole based on total moles of polymer repeat units.

Useful anionic monomers include {(meth)acrylic acid, fumaric acid, crotonic acig,
maleic acid, 2-acrylamido-2-methylpropanesulfonic acid, styrenesulfonic acid, and salts
thereof, Sodium and ammonium salts are preferred. Preferred anionic monamers
include sodium acrylate, potassium acrylate, ammonium acryiate, and the sodium salt of
2-acrylamido-2-methylpropanesulfonic acid. Generally, the polymers contain enough of
the salt form of the acid such that the polymer is water-soluble or water-swellable,
preferably greater than 50% of the acid monomers are in the salt form, more preferably
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60% or greater, by weight based on total weight. Preferably, the polymer contains apout
5% or more of anionic monomer, preferably about 50% or more, more preferably about
70% or more, most preferably about 75% or mare, by mole based on totat moles of
polymer repeat units.

The polymerization may be carried out in the presence of such conventionai
additives as are desired. For example, the polymerization may contain chelating agents
tc remove polymerization inhibiters, chain transfer agents, pH adjusters, initiators and
other conventional additives. Polymerization of the monomers may be carried out in any
manner known to those skilled in the art. Initiation may be effected with a vanety of
tharmal and redox free radicat initiators, including peroxides, e.g. t-butyl peroxide; azo
compounds, e.g. azobisisobutyronitrile; inorganic compounds, such as potassium
persuliate and redox couples, such as ferrous ammonium suifate/fammonium persulfate.
A preferred initiator is sodium bromate/sulfur dioxide. Initiator addition may be effected
any time prior to the actual polymerization per se. Poiymerization may also be effected
by photochemical irradiation processes, such as ultraviolet irradiation or by icnizing
irradiation from a cobalt 60 scurce.

Surfactants and/or dispersing agents are generally helpful and sometimes
necessary for the farmation and continueg stability of vinyl-addition polymer-containing
dispersions, water-in-oil emuisions and water-in-cil microemuisions. Where spray-drying
is contemplated, ongoing stability may not be required, and it may be advantageous to
reduce or eliminate the surfactants and/or dispersing agents. Vinyl-addition poiymer-
containing dispersions, water-in-oif emulsions and water-in-oil microemulsians may be
prepared using little or no surfactants and/or dispersing agent and spray-dried soon
thereafter, preferably during the period of continued stability. Preferably, the vinyl-
addition poiymer-containing dispersions, water-in-oil emulsions and water-in-oii
microemuisions contain aboul 2% or less of surfactant and/or dispersing agent, more
preferably about 1% or iess, by weight based on total weight. The spray-dried polymer
particles made by the processes of instant invention preferably contain 6% or less of
surfactant and/or dispersing agent, preterably 4% or less.

Substantially dry water-soluble or water-swellable polymer particies may be
produced from a blend by (a) spray-drying a blend comprised of, or made by intermixing,
(i) a first water-soluble or water-sweliable vinyl-addition polymer-containing cispersion,
water-in-oil emuision or water-in-oil microemulsion and {ii) a second_wates-soluble or
water-swellable vinyl-addition polymer-containing dispersion, walter-in-oil emulsion or
water-in-0il microemulsion, and (b} coltecting resultant polymer particles. Preferred
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btends of water-in-oil emutsions and water-in-oil microemulsions are disclosed in
U.S. Patent Nos. 5,914,366; 5,763,530; and 5,763,523.
Blending of water-in-oil emulsions and water-in-cil microemulsions may

~ advantageously pravide a product with improved performance by e.g. providing a
property such as charge or molecular weight that is diiferent from the individual
emulsions or micrcemulsions fram which the blend is derived. The different property
may result from averaging of the propetties of the blend components, or occasionally
synergistic resuils may be observed. For instance, when freating substrates that are
themselves blends or mixtures of various components, each of the blend components
may have a specific role in product performance. Accordingly, although two identical
water-in-oil emulsions and water-in-oil microemulsions could be blended, it it generally
preferred to blend emulsions or microemulsions that are different from each other e.g.
different performance, different charge, different viscosity, difierent molecular weight,
different physical form, different chemical identity, different aging characteristics, different
costs, etc.

Spray-drying of blends is advantageous because typically 90% or greater, preferably
95% or greater, most preferably substantially all, of the resultant spray-dried polymer °
paricles each individually contains two or more water-soluble or water-swellabte vinyl-
addition polymers, so that stratification etfects may be minimized. Spray-drying a blend
may be particularly advantageous when the first water-soluble or water-swetlable vinyl-
addition polymer-containing water-in-oil emulsion or water-in-oil microemulsion has a
viscosity that is different from the viscosity of the second water-solubfe or water-
swellable vinyl-addition polymer-containing water-in-oil emuision or water-in-oil
microemulsion. This is because viscosity generally impacts the particle size distribution
of the spray dried polymer particles, so that the partide size distribution of the particles
obtained from the first water-in-oit emulsion or water-in-oil microemulsion may be
different from the particle size distribution of the particles obtained from the second
water-in-oil emuision or watef-in-oil microemulsion. A dry blend of the twa different
polymers is thus likely 1o exhibit greater stratification than a dry blend obtained by spray-
drying & blend of the first and second wailer-in-oil emulsions or water-in-oil
microemuisions.

In another embodiment of the instant invention, the Mannich and guatemary
Mannich polymer particles have, in some cases, substantially reduced residual
contamination by certain chemical reagénts added during the functionalization step e.g.
formaldehyde, methyl chloride and amines. Typically, the residual level of methy!
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chloride in the polymer partic!es‘ is below 500 parts per million parts (ppm), based on the ~
total weight of the particles, and preferably below 100 ppm, same basis. Formaldehyde

is typically below 2000 ppm and preferably below 1000 ppm, same basis. Individual
residual amines, which may be present as their hydrochloride salts. are typically present

at below 20,000 ppm and preferably below 10,000 ppm. same basis.

With respect to the various spray-dried and agglomerated potymar products
described herein, the optimum standard viscaosity for a patticular palymer is very
dependent on the appiication e.g. flocculation of suspended solids, paper making, oil
recovery, mining, etc. For instance, for many applications, it is preferred that the
standard viscosity of the polymer particles be about 1.5 centipoise or greater, more
preferably about 2.0 centipoise or greater., most preferably about 2.5 centipoise or
greater. However, applications other than flocculation may require polymers with
standard viscosities higher or lower than those given above. One advantage of the
instant inventicn is that the standard viscosity of the polymer panticles produced
according to the processes described herein is generally within about 15% of the
standard viscosity of the correspending polymer dispersion, water-in-cil emulsion or
water-in-oil microemulsion. This indicates that the polymers are not substantially altered
by the spray-drying process.

Generally, the poiymers of the instant invention have a molecuiar weight of about
100,000 or greater, preferably greater than about 1,000,000; more preferably greater
than about 10,000,000, most preferably greater than about 20,000,000, The optimum
molecular weight or molecular weight range for a particular polymer is also very
dependent on the application e.g. flocculation of suspended solids, paper making, oil
recovery, mining, etc. For instance, for many flocculant applications, Mannich
polyacrylamide and quatemized derivatives thereof have a molecular weight greater than
about 100,000 and preferably greater than apout 1,000,000. However, applications
other than flocculation may require polymers with molecular weights higher or lower than
those given above. The water-sotuble polymers produced by the processes described
herein may contain small amounts of insoluble pelymer. Such small amounts of
insoluble polymer do not generally affect the performance of the polymer in, for instance,
the applications mentioned above. In some cases, water-swellable polymers are desired
for applications such as fluid thickening, papemaking, printing ink thickeners, etc.

When produced according to the spray drying processes disclosed herein, polymer
particles of the instant invention are generally about 10 microns or greater in diameter,
preferably about 40 microns or greater, more preferably about 100 microns or greater,

19

IFFO00661233
392



10

15

20

25

30

35

CA 02258751 1998-12-18

WO 97/48732 PCT/US97/09788

mast preterably about 200 microns or greater. [t is preferred that the polymer particles
be non-dusting. Dusting and flow problems are typically exacerbated when the poiymer
particles are smali, so larger polymer particles are generally desirable. However, very
large particles may dissolve more slowly. Therefore, it is generaliy desirabie for the
potymer particles to be about 1200 microns or less in diameter, preferably about 800
microns or less in diameter, more preferably about 600 microns or less, most preferably
about 400 microns ¢~ less. Generally, at least about 30% of the polymer particles range
in size from about 10 microns to about 1200 microns, preferably at least about 95%,
more prelerably at least about 98%. The size of the polymer particles can be varied
somewhat by altering the operational parameters e.g. spray configuration, emulsion
viscosity, feed rate, etc. Particles may be substantially spherical or non-spherical;
“diameter’ of a non-spherical paricle is the dimension along a major axis.

Althcugh in some cases the particles are hollow, porous structures having at least
one opening in their walls, it has been discovered that these features are not always
necessary in urder to obtain particles having desirable propenies e.g. fast dissolution
times. In many cases, the spray-drying parameters e.g. nozzle type, nozzle size, cutlet
temperature, etc. needed to produce particies that are hollow, porous structures having
at least one opening in their walls are inconvenient or uneconamical, and it is
advantageous to produce particles that lack some or all of these teatures.

The particles formed by the spray-drying processes of the instant invention may be
screened to remove an oversize or undersize fraction. Oversize particles may be
fragmented by e.g. grinding, whereas undersized particles are generally aggiomerated.
Sizes may be determined by methods known to those skilled in the art e.g. sieving,
screening, light scattering, microscopy, microscopic automated image analysis, etc.

Surprisingly, the bulk densities of the spray-dried polymer particles of the instant
invention are generally greater than the bulk densities of dry polymers prepared by
precipitation of the corresponding dispersion, water-in-oil emulsion or water-in-oil
microemulsion. Polymer particles having greater density may be advantageous because
they occupy a smaller volume, resulting in e.g. lower shipping and storage costs.
Whereas the densities of precipitated polymers are usually less than about 0.35 grams
per cubic centimeter (g/cc), the bulk densities of the spray-drned polymer particies of the
instant invention are generally about 0.35 g/cc or greater, preferably about 0.4 g/cc or
greater, more preferably about 0.45 g/cc or greater, most preterably about 0.50 g/cc or
greater. The bulk densities of the spray-dried polymer particles of the instant invention
are generally about 1.1 g/cc or less, preferably about 1.0 g/cc or less, more preferably
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about 0.95 g/ce or less, most préferably about 0.90 g/cc or less. Therefore, the bulk
densities of the spray-dried polymer particles of the instant invention generally range
from about 0.35 to about 1.1 g/cc, preferably about 0.4 to about 1.0 g/cc, more
preferably about 0.45 to about 0.95 gicc, most preferably about 0.50 to about 0.90 g/cc.

Under the conditions of drying set forth herein, the potymer particles produced by
the processes described herein are substantially dry. As used to describe the polymer
produced herein, “substantially dry” generally means that the polymer contains about
12% or less volatiles, preferably about 10% or less by weight, based on the weight ot
the spray dried polymer. The polymer generally contains about 2% or more volatiles,
preferably about 5% or more, by weight based on total weight, and most preferably
contains from about 8% to about 10% volatiles by weight, same basis. The volatiles are
measured by determining the weight loss on drying the polymer product at about 105°C
for about 30 minutes.

Substantially dry water-soluble or water-sweliable palymer particles of the instant
invention may be made by a process comprising (a) spray-drying a vinyl-addition
polymer-containing water-in-oil dispersion, emuision or water-in-git microemulsion into a
gas stream with a panricular resigence time, preferably in the range of about 8 to about
120 seconds, and at a particular outiet temperature in the range of about 70° C to less
than about 100° C and (b) collecting resultant polymer particles. These polymer
particles are encompassed within the instant invention when they have a drying loss less
than: (i) the drying foss of substantially dry water-soluble or water-sweilable polymer
particles made by a process comprising (a) spray-drying said vinyl-addition polymer-
containing dispersion, waier-in-git emulsion or water-in-oit microemuilsion inte a gas
stream with a residence lime of greater than about 120 seconds and at said particutar
outlet temperature and (b) collecting resultant polymer particles; or (i) the drying loss of
substantially dry water-solubie or water-sweilabie polymer particles made by a process
comprising (a) spray-drying said vinyl-addition polymer-containing dispersion, water-in-oi
emulsion or water-in-gil microemulsion into a gas stream with said particular residence
time and at an outlet temperature ot greater than about 100° C and (b) collecting
resultant polymer panicles; or (iii) the drying loss of substantiaily dry water-solubte or
water-swellable polymer paricles made by a process comprsing (a) spray-drying said
vinyl-addition polymer-containing dispersion, water-in-oil emuision or water-in-oil
microemnuision into a gas stream with a residence time of greater than about 120
seconds and at an outlet temperature of greater than about 100° C and (b} collecting
resultant polymer particles. As used herein, “drying loss” is the change in polymer
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viscosity resulting from spray-d'rying, and is not to be confused with "loss on drying,” or
LOD, which is a measure of volatiles as described in the Exampies. Drying loss may be
expressed as the viscosity before spray drying minus the viscosity after spray drying,
divided by the viscosity before spray drying, and expressed as a percentage by
multiplying by 100.

Additional materials such as flow control agents, dust control agents, pH adjusting
agents, surfactant, emulsifier, etc. and the like may be added to the emuision or
microemuision before or during the spray drying process, ar to the polymer particles
after the spray drying process, or both, to enhance the production, distribution,
packaging, handling, performance, etc. and the tike of the polymer paricles.

We have also discovered that mixing, in any order, an acid, base or buffer with the
substantiaily dry water-solubie polymer particles that are the product of the spray drying
processes described herein, may be advantageous. A buffer, for the purposes of this
invention, is a substance or blend of substances that, when dissolved in water, gives a
solution that resists changes in pH when small amounts of acid or base are added.
Preferably, a buffer contains an acid and a base. For example, any solution of a weak
acid plus a salt of that acid is a buffar solution. A base, for the purposes of this
invention, is a substance or blend of substances that, when dissolved in pure water,
gives a solution with a pH value greater than 7. An acid, for the purposes of this
invention, is a substance or blend of substances that, when dissolved in pure water,
gives a solution with a pH value less than 7. The addition of an acid, base or buffer to
the polymer particlas may enhance the flow properties of the dry polymer partictes and
adjusts the pH of the solution that the polymer particles are dissolved into so as to
enhance the rate of dissolution and performance of the polymer particles in the desired
application. Bases are preferred and buffers are most preferred. Acids, bases and
buffers useful in the instant invention may be solid or liquid, though it is especially
preferred to use an acid, base, or buffer that is substantially dry so as to avaid clumping.
Substantially dry, when used to describe the acid, base, or buffer for the purpeses of
this invention, means that the powdered acid, base, or buffer fiows freely., The acid,
base, or buffer may be hydrated as long as it flows ireely.

Any base known in the art may be used. Suitable powdered bases may inciude the
alkali and alkaline earth metal salts of carbonate, bicarbonate, citrate, phosphate and
acetate. Preferred bases may include sodium carbonate, sodium bicarbonate,
potassium carbonate, potassium bicarbonate, sodium acetate, potassium acetate,
sodium citrate, potassium citrate, sodium phosphale, potassium phosphate, etc. and the
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like. Sodium carbonate and sbdium bicarbonate are mare preferred, and sedium
bicarbonate is most preferred. The mixture of the base and the polymer particies is
such that the base may be incerporated into tha intenar of the particies, or may coat the
surtace of the particles, or may be distinct from the particles, or any combination thereof.

Any buffer known in the art may be used. Suitable buffers may comprise the alkali
and alkaline earth metal salts of carbonate, picarbonate, citrate, phosphate and acetate,
with the corresponding acid. The mixture of the buffer and the polymer particles is such
that the base may be incorporated into the interior of the particles, or may coat the
surface of the parnicles, or may be distinct from the particles, or any combination thereof.
The buifer system KH,PO, / Na,HPO, or hydrates therecf is most preferred.

Any acid known in the art may be used. Suitable acids may comprise inorganic
acids e.g. hydrochlioric acid, nitrous acid, nitric acid, cartonic acid, phosphoric acid,
phosphorus acid, sulfurous acid, and sulfuric acid, as well as organic acids e.g. acetic
acid, lactic acid, citric acid, formic acid, alkylsulfonic acids, etc. and the like. Acids such
as KH,PQ,, NAH,PO, and hydrates thereo! are preferred. In instances where a
guatemary Mannich polyacrylamide microemuilsion is heat treated by, for example,
adjusting the pH to about 3.6 to about 4 8 adding formaldehyde scavenger, adjusting the
water content 10 about 10-45 weight percent of polymer and heating the resultant
emulsion at from about 40°C to about 80°C for about 3 to about 20 hours, the acid is
preferably added in addition 1o and after the heal treating step.

It is preferred to add the acid, base or buffer directly to the polymer particles.
Alternatively, and less preferably, an acid, base or buffer may be dissolved in water or
oil to form a solution or slurry and added to the water-soluble or water-swellable vinyl-
addition polyrner-containing dispersion, water-in-oil emultsion or water-in-oil
microemulsion before spray drying. The solution or slurry of the acid, base or buifer may
be spray dried simultaneously or substantially simultaneously with the spray drying of
the water-in-oil emuision or water-in-oil microemulsion, or the acid, base, or bufter may
be added directly to the spray dryer while simultanecusly or substantially simultaneously
spray drying the water-in-cil emuision or water-in-oil microemulsion, to form polymer
particies which comprise the acid, base, or buffer. in this case, the acid, base, or buffer
need not be substantialiy dry. Another, aiso less preferred, way to add ¢ne or more
acids, bases, or buffers to the polymer is to add part of the acid, base, ar buffer befare
or during the spray dry process, and par of the acid, base, or buffer, or perhaps a
different acid, base, or buffer, 1o the resulting polymer particles. The butfer may be
formed when a base is added to an water-in-oil emuision or water-in-oil microemulsion
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or polymer particie which aiready contains the corresponding acid, or the buffer may be
formed when an acid is added to a water-in-oil emulsicn or water-in-oil microemulsion or
polymer particle that already contains the corresponding base.

The amount of acid, base or buffer tc be added to the water-soluble Mannich
acrylamide or quaternized Mannich acryiamide polymer paricles of the present invention
is preferably an amount sufficient to provide a solution pH of from about 5 to about 11,
preferably from abont 5.5 to about 9 and most preferably about 8 {o aboul 8, when the
parictes or particle compaositions are dissolved in water. Regardless of the manner in
which acid, base or buffer is added (i.e., whether added to the emulsion pricr to or
during spray drying or to the particles after spray drying) the amourt should be such that
the resulling solution containing dissolved polymer particles has a pH at least about 5,
preferably at least about 8§ and below about 11, preferably a pH below about 8.

it is understood that the pH of the resulting solution will depend on the pH of the
water before the polymer particies are added. For instance, in order to produce a
preferred pH .n the resuiting solution in the range of about 5§ to about 9, more base
should generaliy be present in the particies if the water is more acidic than if the water is
less acidic. It is likewise understocd that the preferred amount of base present in the
polymer particles may depend on the pH of the water into which the polymer particles
are to be dissoived. For example, for many waters of maderate acidity, the polymer
particles should contain about 0.1% to about 3.5%, based on total weight, of a preferred
base such as sodium bicarbonate. Generally, the polymer particles may coniain base in
an amount of at least about 0.05% by weight, preferably at least about 0.1% and
generaily up to about 10.0% preferably up to about 20.0% by weight based on total
particle weight. More preferably the amount of base ranges from about 0.65% to about
5.0%, based an total weight of particles. The aforesaid amounts also apply to acids.
Similar reasoning is understood concerning the optimum amount of acid; i.e. the
presence of more acid will be p4referred in the particles when the water is more basic
than when the water is less basic in order for the solution of the polymer to have the
desired pH. Routine experimentaticn by one skilled in the art may be used to determine
the appropriate amount of acid, base or puffer for a particular water.

Likewise, the amount of buffer will also depend on the pH of the water befare the
polymer particles are added. The amount of buffer present will tend to affect the ability
of the polymer solution 1o resist changes in pH. For instance, for a preferred buffer
system such as KH,PO, / Na,HPOD, = 12 H,0, the buffer should be at least about 0.1%,
by weight, and preferably at least about 5%, by weight, of the total weight of the

24

IFF000661238

397



CA 02258751 1998-12-18

WO 97/48732 PCT/US9TAO7RE

10

15

20

25

30

35

particies. Although it would seem preferable to use as much buffer as possible so as to
provide the palymer solution with the greatest ability to resist pH changes, it is also
preferable for the polymer particles to contain as mwuch polymer as possible. Thus, in
practice, the buffer shouid comprise less than 50%, by weight, of the polymer particles,
and preferably less than 30%, by weight, same basis. Therefore, the buffer should be
present in the polymer paricles at a level of at least about .05%, generally from about
0.1% to about 50%, by weight, and preferably about 5% to about 30%, by weight, based
an the total particle weight. The exact amount of buffer depends on the pH of the water
and how strongly the polymer solution needs to be able to resist changes in pH.

In addition to pH, another facter which tends !o influence the rate of dissolution of
the polymer particles and the performance of the polymer is the temperature of the
polymer solution or the solution into which the polymer particles are dissolved,
Theretore, the amount of acid, base, or buffer present in the polymer particles may vary
depending on the temperature of the water into which the peolymer is to be dissoived.
For instance, quatemized Mannich polyacrylamide tends to dissolve more readity at
higher temperatures, so that a lower pH, such as about 5, may be desirad to dissolve
the polymer when the temperature of the water is higher, such as about 35°C, whereas
a pH of about 8 may be preferred if the water temperature is very low, such as about
5°C. It is apparent, therefore, from the foregoing that less base, or more acid, might be
preferred at high temperatures than at low temperatures, and that the selection of buffer
will also depend on the temperature.

The particle size of the acid, base, or buffer is not pardicularly impartant, and may
be vared to optimize the flow properties of the mixture with the nolymer particles. For
instance, a preferred range of paricle sizes for sodium bicarbonate is from about 10 to
about 500 microns, more preferably about 50 to about 300 microns. The means for
adding and mixing the substantially dry base to the polymer paricles are likewise not
critical. Any mechanical mixing means known to those skilled in the an for mixing
granular solids is suitable.

It has also been discovered that agglomeration of the poiynier particies of the
instant invention may improve the flow properties and gissolution times of the polymers.
Agglomeration is a known process for increasing particle size and various methods for

agglomerating particies are known to those skilled in the art, e.g. “Successfully Use

Aggtomeration for Size Enlargement,” by Wolfgang Pletsch, Chemical Engineering
Progress, April 1996, pp. 29-45; “Speeding up Continuous Mixing Agglomeration with
Fast Agitation and Short Residence Times,” by Peter Koenig, Powder and Bulk
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Engineenng, February 1986, pp. 67-84. Known agglomeration méethods such as naturat
agglomeration, mechanical agglomeration, tumble or growth agglomeration, pressure
aggiomeration, binderless agglomeration, agglomeration with binders, etc., may be used
to aggiomerate the polymer particles of the instant invention. Agglomeration may
optionaily be followed by drying, e.g. fluid bed drying, to remove binder, e.g. water.
Pressure agglomeration is preferred, and mechanical agglomeration using a water
binder, followed by fiuid bed drying is most preferred.

The agglomerates formed by agglomerating the polymer particles of the instant
invention tend to have improved flow properties and faster dissoiution times when
compared to the unagglomerated polymer particles. Preferably, the agglomerates are
non-dusting, Flow properties may be measured by measuring flow times as described in
the Examples. Dissolution rates may be detemmined by measuring the increase in
viscosily of a potymer solution as a function of dissolution time, as described in the
Examples. Typically, about 90% of the agglomerates of the instant invention have an
agglomerate size of about 120 microns or greater, preferabiy about 160 microns or
greater, more preferably about 200 microns or greater, most preferably about 300
microns or greater. Generally, about 90% of the aggiomerates have an aggiomerate
size of about 1500 microns or less, preferably about 1200 microns or less, more
preferably about 1100 microns or less, most preferably about 1000 microns or less.
Thus, about 90%, preferably 95%, of the agglomerates have a size in the range of about
120 to about 1500 microns, preferably about 160 microns to about 1200 microns, mare
preferably about 200 microns to about 1100 microns, most preferably about 300 microns
to about 1000 microns Usually, at ieast about 5% of the agglomerates, preferably at
least about 10%, most preferably at least about 15%, are larger than about 900 microns.
The aggiomerates formed by agglomerating the spray-dried particles of the instant
invention may be screened to remove an oversize or undersize fraction. Preferably,
agglomerates larger than about 1200 microns and smaller than about 175 microns are
removed by e.g. screening. Oversize agglomerates are generally fragmented by e.g.
grinding, whereas undersized agglomerates are generally recycled into the
agglomerator.

The bulk density values of the aggiomerates of the instant invention tend to be
lower than the bulk density values of the spray-dried particles from which they are
formed. The bulk densities of the agglomerates of the instant invention are generally
about 0.35 g/cc or greater, preferably about 0.4 g/cc or greater.' more preferably about
0.45 g/cc or greater, most preferably about 0.50 g/cc or greater. The bulk densities of
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the agglomerates of the instant invention are generally about 1.0 gfcc or less, preferably -
about 0.95 g/cc or less, more preferably about 0.90 g/cc or less, most preferably about
0.85 g/cc or less. Therefore, the bulk densities of the agglomerates of the instant
invention generally range from about 0.35 to about 1.C glcc, preferably about 0.4 to
about 0.95 g/cc, more preferably about ¢.45 to about 0.90 g/cc, most preferably about
0.50 to about C.B5 g/cc.

in order to obtain agglemerates of a preferred size, it is preferred that the polymer
paricles themselves be of such a size that they are agglomerable. Agglomeration
obviously tends to multiply the average particle size, so that it is frequently easier to
cause large increases in paricle size than it is to cause small increases in particle size.
Therefare, to produce agglomerates of a preferred size cr size range, it is generaily
preferred to agglomerate paricles that are much smaller than the desired agglomerate
size, rather than particles that are only slightly smatiier. Agglomerable partictes are
generally those that may be conveniently aggiomerated to produce aggtomerates having
a preffered size. It is possible, but less preferred, to agglomerate larger particles to
produce aggiomerates that are larger than desired, then remove the oversize
agglomerates as described above.

The substantially dry polymer particles and agglomerates of the present invention
are generally comprised of the polymer that was contained in the dispersion, water-in-oil
emulsion, or water-in-oil microemulsion that was spray-dried, as discussed hereinabove.
Preferably, the substantially dry polymer particles and agglomerates of the present
invention are comprised of polymer having pendant groups setected from the group
consisting of amide, tertiary aminomethyl, quatemized tertiary aminomethyl, hydroxyt,
glyoxal, sulfonate, sulfonate salt. carboxylic acid, carboxyiic acid salt, hydroxamic acid,
hydroxamic acid sait, dialkylaminoatkyl{alk}acrylate, dialkylaminoalkyl(alk)acrylaie salts,
and quaternized dialkyiaminoaikyl(alk)acrylate. Polymers and copolymers of acrylamide
are prefarred.

In a preferred embodiment, substantially dry water-soluble or water-swellabie
polymer particles and aggicmerates are comprised of a polymer having 1 mole % or
more of recurring units having pendant groups selected from the group consisting of
tertiary aminomethyi, quatemized tertiary aminomethyl, glyoxal, hydroxamic acid, and
hydroxamic acid salt, based on total moles of recurring units. In another preferred
embodiment, substantially dry watsr-soluble polymer particles and agglomerates are
comprised of a polymer having 1 mole % or more of recurring units having pendant
groups selected from the group consisting of carboxytic acid and carboxylic acid sait,
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based on tolal moles of recurring units, said polymer having a standard viscosity of
about 7.0 cps or greater, and in another preferred embodiment, said polymer is further
comprised of recurring units having pendant alkyl ester groups, wherein said alkyl ester
groups contain from about 2 to about 12 carbon atoms. [n another preferred
embodiment, substantially dry water-soluble or water-swellable polymer paricles and
agglomerates are comprised of acrylamide, {meth)acryloxyethyltrimethylammonium
chloride, copolymers thereof, and, optionally, branching agent e.g.
methylenebisacrylamide, as described in U.S. Patenl Nos. 6,147,176 and
5,961,840,

In another preferred embodiment, substantially dry water-soluble polymer particles
and agglomerates are comprised of a polymer having 10 mole % or more of recurring
units having pendant groups selected from the group consisting of carboxylic acid and
carboxylic acid salt and wherein said polymer has a standard viscosity of at ieast about
8.0 cps, or (b} wherein said polymer contains 20 mole % or more of recurring units
having pendaiit groups selected from the group consisting of carboxylic acid and
carboxylic acid salt and wherein said polymer has a standard viscesity of at least about
9.0 cps.

In yet ancther preferred embodiment, substantially dry water-soluble polymer
particles and aggiomerates are comprised of an ionic, organic, polymer microbead being
less than about 750 nanometers in diameter if crossfinked and less than about 60
nanometers in diameter if non-crosslinked and water-insoluble, the ionicity of the
microbead being at least about 1%.

The substantially dry polymer particles and aggiomerates of the present invention
generally exhibit improved stability relative to the dispersion, water-in-oil emuision, or
water-in-oif microemuision from which they were derived. For instance, Table 7 shows
the change in standard viscosity as a function of time al 90°C for spray dried
quaternized Mannich polyacrylamide, compared toa quatgrnized Mannich
polyacrylamide microemulsion from which the spray dried polymer was derived. The
standard viscosity of the microemulsion polymer changed substantially as a function of
time, whereas the change in standard viscosity for the spray dried polymer was much
less. Table 8 shows data obtained in a similar manner, excepl that the dry polymer and
the microemulsion polymer were stored at ambient temperature. Once again, the
standard viscosity of the microemulsion polymer changed substantially as a function of
time, whereas the change in standard viscasity for the spray dried polymer was not

substantial. In both cases, at rcom temperature and at 30°C, it is quite surprising that
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the spray dried polymer shows greater stability, as measured by standard viscosity, than
the corresponding poiymer contained in the microemulsion.

Surpnsingly, the standard viscosities of the polymer particles and aggiomerates that
are the product of the process described herein are not substantially reduced by the
spray drying process of the invention. Generally, the standard viscosity values of the
polymer particles are not decreased by greater than agout 15 % of their initial value,
preferably not greater than about 10%, more preferably not greater than about 8%, most
preferably not greater than about 5%, as a resuit of the spray drying process, even
when the standard viscosity of the polymer in the polymer-cantaining water-in-oil
microemulsions is observed to decrease quickly at elevated temperatures as described
hereinabove. It is also surprising that the short residence times result in polymer
particles with low volatile levels. Moreover, the residual level of oil in the finely divided
polymer particles is typically very low, usually less than 1.0 % by weight, based an the
total weight of the particles, and preferabiy less than 0.2% by weight, same basis.

The free flowing, substantially dry, water-soluble polymer particies and
agglomerates that are the product of the invention described herein may be used in
many applications, such as, for example, solids/liquids separation; floccuiants for mining
operations to recover ore from siurries; flocculants for water treating to remove
suspended impurities etc.; in paper making as a flocculant and to aid paper formation
e.g. retention aids; in oil recovery industries e.g enhanced oil recovery, treatment of oily
wastewater, etc.; in agricuiture e.g. soil stabilization or soil conditioning; in
biotechnological applications e.g. treatment oif enzyme brotns; and in food processing
e.g. flocculation ot suspended food particles. The palymers of the present invention can
conveniently be employed e.g. as flocculants in the form of dilute agueous solutions.
These solutions can be prepared by intermixing, dispersing, and/or dissolving the
particles in or with water. Concentrating dispersions of suspended solids is carried out
by adding an effective amount of the dilute agueous solution to the suspension to
produce an effluent of desired characteristics. For instance, a preferred method of
treating suspended solids comprises (a) dissalving, dispersing, or intermixing
substantially dry water-soluble or water-swellable polymer particles or agglomerates in or
with watzr to form a polymer solution, polymer dispersion, or agueous mixture, (b}
intermixing said polymer sotution, dispersion or agueous mixture with suspended solids,
and (c) separating resultant concentrated solids from resultant aqueous liquid.

The polymer products of this inverition are useful in a wide range of golid-liquid
separations. These polymers may be used in the dewatering of biologically treated
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suspensions, such as sewage or other municipal and industriai sludges, the drainage ot
cellulosic suspensicn such as those found in paper preduction, e.g. paper waste, the
production of paper e.g. retention aids, and the settlement of various organic or
inorganic suspensions, i.e. refinery waste, food waste, etc. Likewise, enzyme broths
and suspended mineral solids may be treated similarly. The dose of polymer effective
for a particular application is generally found by routine experimentation in & manner
well-known to those skilled in the ant. Preferred doses range from about 0.1 parts of
polymer per million (ppm} to about 10,000 ppm, based on the weight of the solids
suspended in the substrate to be treated.

When the particles are produced in such a way that they are not water-soluble but
are instead water-swellable, they may be dispersed in water to form agqueous mixtures
comprised of dispersions of water-swellable polymers. Water-swellable polymers may
be useful for applications such as thickening paint, in papermaking e.g. as described in
U.S. Patent No. 5,274,055 and U.S. Patent No. 5,167,766, and as printing ink
thickeners,

The following examples are set forth for illustration purposes onily and are not to be

construed as iimits an the present invention.

Test Procedures

Standard viscosity is the viscosity of a 0.096% solution of water-solubie polymer
in 1 N sodium chloride at 25°C, at a pH of 8.0 for nonionic and anionic polymers and at
a pH of 7.0 for cationic polymers, except where noted. The viscosity was measured by
a Brookfield LVT viscometer with a UL adapter at 60 rpm. The polymer solution being
measured was made by preparing a 0.20% solution of pelymer in deionized water dusing
two hours and then diluting with the appropriate amounts of deionized water and sodium
chloride.

Volatiles content (% i0ss on drying; LOD) was determined using a Sartorius Model
MA30 Moisture Analyzer. The dry polymer sample was dried at a specified temperature
aither to a constant weight or for a specified time. A period of 30 minutes at 105°C
provided a reliable and reproducible indicator of product volatiles content. The results
are reported as weight percent volatiles based on the total weight.

Water analysis of the volatiles was performed by Karl Fisher titration. Residual oil
levels in the dry products were determined by sample extraction with supercritical carbon
dioxide and gas chromatography analysis of the extractant. Residual formaldehyde in

the recovered oil was determined by stirfing the recovered oil with water for thirty
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minutes, then analyzing the water extractant by ian chromatography.

The laboratory spray dryer used in the Examples below was obtained commercially.
The chamber of the laboratory spray dryer was 760 millimetars (mm) in diameter with a
860 mm verticle side and a 65 degree conical bottom. Nominal gas flow through the
dryer was about 180 cubic meters per hour. The emuision or microemuision feed was
fed at the center of the top of the chamber using a variable speed pump, through a two-
fluid nozzie using air for atomization. The outlet gas temperature was controlied by
varying the inlet gas temperature and feed rate. To provide an inert atmasphere, the
dryer was suppiied with nitrogen gas from a cryrogenic storage tank. The dried polymer
product was discharged through the bottom of the dryer cone to a cycicne where the dry
product was removed and coliected. Residence time in the dryer was generally about
10-15 seconds.

Some spray-drying Exampies were periormed with a commercial-scale 8.3 foot
diameter closed cycle spray daryer equipped with a direct contact spray condenser.

Spray-dried polymer particle products were agglomerated using a commercial
mechanical aggtomerator in conjunction with a 10.76 square foot fluid bed dryer. The
agglomerator had a vertical shaft and a flextble polymer housing, with a single shatft
ratar having 2 or 3 pin or paddle-type mixing elements that rolated at 1500 to 5200
revolutions per minute (rpm). It was equipped with mechanicaily driven rollers that
moved atong the tiexible polymer housing to prevent accumulation of material along the
walls. The spray-dned product and binder e.g. water were fed to the top of the
agglomerator; the spray-dried polymer by screw feeder, and the via spray nozzles. The
agglomerates formed by agglomerating the spray-dried polymer panicies dropped oul of
the bottom of the agglomerator and directly into a fiuid bed-dryer, where the
agglomerates were dried to the desired water content. Typical residence time in the
agglomerator was about two seconds,

The purpose of the funne! flow test is to identity the funnet at which polymer
panticies and agglomerates fail to flow, both uncompacted and compacted. The funnel
flow test is conducted using 5 funnels, numbered 1-5, respectively, having the following
outlet diameters: 14 mm, 12 mm, 8 mm, 5 mm, 3.5 mm. The procedure is followed by
starting with funnel 5 (outet 3.5 mm), blocking the outiet, filling the funnel with the
polymer to be tested, and unblocking the outlet to allow the polymer to flow. [f all of the
polymer passed \through the funnel, the polymer was given a score of +5. If the
polymer failed to flow from the funnel when the outlet was unblocked, the procedure was
repeated with funnel 4, funne! 3, etc. until flow was observed. The funnel number was
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recarded when tlow was not observed. The process was then repeated to determine the
flow of compacted polymer, by tapping the funnel about twenty times (or placed on a
suitable vibrating plate) to create compaction. For example, a polymer with a score of
+5, +5 flowed through the No. 5 funnel on both tests, whereas a polymer with a score of
+5, 3 flowed through the No. 5 funnel uncompacted, but would not flow through the No.
3 funnel when compacted,

The bulk densitv of polymer particles and agglomerates was detemined by adding
the particles or agglomerates to a suitable preweighed measuring container and
“tapping” or slightly agitating the container tc cause the panticles or agglomerates to
settle. The volume of the polymer was then read from the measuring coniainer, the
measuring container weighed, and the bulk density calculated in units of grams per
cubic centimeter {g/cc).

Dissolving times were determined by adding a 0.2 pars of polymer particles or
agglomerates to 99.8 parts of deionized water in a suitable vesse!l and stirring with a
magnetic stir oar. The bulk viscosity of the mixture was measured at requiar intervals
e.g. five or ten minutes, using a Brookfieid LVT viscometer with a UL adapter at 60 rpm,
until a maximum bulk viscosity was reached, e.g. until no further increase in butk
viscosity was observed. The time to achieve this maximum bulk viscosity was recorded
as the dissolving time and was generally no more than a few hours.

In the following Exampies, the guatemnized Mannich pclyacrylamide microemulsions
(Cat.PAM) were prepared as in U.S, Patent No. 4,956,399, except that Isopar G was
used as the oil. The hydrolyzed polyacrytamide emulsions were prepared as described
in U.S. Patent No. 5,286,806, except that Iscpar G was used as the oil. Highly
crossfinked acrylamide/acrylic acid emuision and microemuision copolymer microbeads
were prepared as described in U.S. Patent No. 5,274,055, except that Iscpar G was
used as the oil. Cationic emulsion copolymers of (meth)acryloxyethyitrimethylammonium
chloride and acrylamide, and anionic copolymers of acrylic acié and acrylamide, were
prepared by known methods e.g. Vanderhoff, U.S. Patert No. 3,284,393, and branched
cationic polymers were prepared as in U.S. Patent No. 6,147,176,
except that Isopar G was used as the oil in all cases. In all cases, the substitution of
Isopar G for the other oil was on a volume basis.

Polymer particle and agglomerate sizes were determined by commercially available

fight scattering instrumentation and by conventional s