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filed

You are hereby informed that on expiry of the nine-month time limit from the publication of the mention of
the grant of European patent No. 2865031 no notice of opposition had reached the files.
The entry in the Register of European Patents will be automatically generated by the electronic data
processing system.
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Molecular Rebar Design LLC

Transmission of the certificate for a European patent pursuant to Rule 74 EPC
The certificate for a European patent is herewith transmitted.

The European patent specification can be downloaded from the EPO publication server
hitps://data.epo.org/publication-server/ (see OJ EPO 2005, 126).

Note:

A corrected title page of the European patent specification will be published, if the bibliographic data have
been changed after completion of the technical preparations.
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Decision to grant a European patent pursuant to Article 97(1) EPC

Following examination of European patent application No. 13734912.2 a European patent with the title
and the supporting documents indicated in the communication pursuant to Rule 71(3) EPC (EPO Form
2004C) or in the information (EPO Form 2004W, cf. Notice from the EPO dated 8 June 2015, OJ EPO
2015, A52) dated 04.01.16 is hereby granted in respect of the designated Contracting States.

Patent No.
Date of filing
Priority claimed

Designated Contracting States
and Proprietor(s)

1 2865031
1 21.06.13
: 21.06.12/USP201261662393

22.06.12/USP201261663513

"ALATBEBGCHCY CZDEDKEEES FIFRGBGRHRHUIE IS IT LI

LT LU LV MC MK MT NL NO PL PT RO RS SE SI SK SM TR
Molecular Rebar Design LLC

13477 Fitzhugh Road

Austin, TX 78736/US

This decision will take effect on the date on which the European Patent Bulletin mentions the grant

(Art. 97(3) EPC).

The mention of the grant will be published in European Patent Bulletin 16/35 of 31.08.16.
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ANMERKUNG ZUR ENTSCHEIDUNG UBER DIE ERTEILUNG
EINES EUROPAISCHEN PATENTS (EPA Form 2006)

EPA Informationsbroschiire "Nationales Recht zum EPU"

Diese Broschire enthalt nitzliche Informationen zu den formalen Erfordernissen und den Handlungen, die vor den Patentbehérden der
Vertragsstaaten vorzunehmen sind, um Rechte in diesen Staaten zu erlangen. Da diese Handlungen einem standigen Wandel unterworfen
sind, sollte immer nur die neueste Ausgabe der Broschiire benutzt werden. Nachtragliche Informationen werden im Amtsblatt verdffentlicht.

Ubersetzung der européischen Patentschrift nach Artikel 65 (1) des Europiischen Patentiibereinkommens

Sie werden erneut darauf hingewiesen, dass bestimmte Vertragsstaaten nach Artikel 65 (1) EPU eine Ubersetzung der européischen
Patentschrift verlangen; hierauf wird in der Mitteilung gemafl Regel 71 (5) EPU verwiesen. Die Nichteinreichung dieser Ubersetzung kann
zur Folge haben, dass das Patent in dem betreffenden Staal/in den betreffenden Staaten als von Anfang an nicht eingetreten gilt. Weitere
Einzelheiten entnehmen Sie bitte der oben genannten Broschiire.

Zahlung von Jahresgebiihren fiir europaische Patente

MNach Artikel 141 EPU kénnen "nationale” Jahresgeblhren flr das européische Patent fir die Jahre erhoben werden, die an das Jahr
anschlieBen, in dem der Hinweis auf die Erteilung des europdischen Patents im "Europaischen Patentblatt” bekanntgemacht wird. Weitere
Einzelheiten entnehmen Sie bitte der oben genannten Broschare.

NOTE RELATING TO THE DECISION TO GRANT A
EURCPEAN PATENT (EPO Form 2006)

EPO Information Brochure "National law relating to the EPC"

This brochure provides useful information regarding formal requirements and the steps to be taken before the patent authorities of the
Contracting States in order to acquire rights in those states. Since the necessary steps are subject to change the latest edition of the
brochure should always be used. Subsequent information is published in the Official Journal.

Translation of the European patent application under Article 65(1) of the European Patent Convention

Your attention is again drawn to the requirements regarding translation of the European patent specification laid down by a number of
Contracting States under Article 65(1) EPC, to which reference is made in the communication under Rule 71(5) EPC. Failure to supply
such translation(s) may result in the patent being deemed to be void "ab initio" in the State(s) in question. For further details you are
recommended to consult the above-mentioned brochure.

Payment of renewal fees for European patents

Under Article 141 EPC "national” renewal fees in respect of a European patent may be imposed for the years which follow that in which the
mention of the grant of the European patent is published in the "European Patent Bulletin". For further details you are recommended to
consult the above-mentioned brochure.

REMARQUE RELATIVE A LA DECISION DE DELIVRANCE
D'UN BREVET EUROPEEN (OEB Form 2006)

Brochure d'information de I'OEB "Droit national relatif 4 la CBE"

Cette brochure fournit dutiles renseignements sur les conditions de forme requises et sur les actes a accomplir auprés des offices de
brevet des Etats contractants aux fins d'obtenir des droits dans les Etats contractants. Etant donné que les actes indispensables sont
susceptibles de modifications, il serait bon de toujours consulter la derniére édition de la brochure. Toute information ultérieure est publiée
au Journal Officiel.

Traduction du fascicule du brevet européen en vertu de I'article 65(1) de la Convention sur le brevet européen

Votre attention est de nouveau attirée sur I'obligation faite par certains Etats contractants, en vertu de l'article 65(1) CBE, de fournir une
traduction du fascicule du brevet européen, a laquelle il est fait référence dans la notification établie conformément a la régle 71(5) CBE. Si
la(les) traduction(s) n'est(ne sont) pas fournie(s), le brevet européen peut, dés l'origine, &tre réputé sans effet dans cet(ces) Etat(s). Pour
plus de détails, nous vous renvoyons a la brochure susmentionnée.

Paiement des taxes annuelles pour le brevet européen

Conformément a 'article 141 CBE des taxes annuelles "nationales” dues au titre du brevet européen peuvent étre percues pour les années
suivant celle au cours de laquelle la mention de la délivrance du brevet européen est publiée au "Bulletin européen des brevets. Pour plus
de détails, nous vous renvayons a la brochure susmentionnée.

EPA/EPOJ/OEB Form 2006R 07.15 137349122 (29.07.16)
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Acknowledgement of receipt

We hereby acknowledge receipt of the following subsequently filed document(s):

Submission number

Application number

Date of receipt

Receiving Office

Your reference

Applicant

Documents submitted

Submitted by

Method of submission

Date and time

receipt generated

Message Digest

4325893

EP13734912.2

09 May 2016

European Patent Office, The Hague

P103060EPQ0

All applicants as on file

package-data.xml

epf1038.pdf (2 p.)

CLMSTRAN-FR-1.pd\P103060EP00
FR claims.pdf (3 p.)

ep-sfd-request.xml

CLMSTRAN-DE-1.pdA\P103060EP00
De claims.pdf (3 p.)

CN=Richard Loef 35176

Online

09 May 2016, 12:39 (CEST)

55:C5:1E:77:ED:A3:C3:4D:90:DD:81:65:21:93:01:3B:A3:FD:ED:D0O

Correction by the EPO of errors in debit instructions filed by eOLF
Errors in debit instructions filed by eOLF that are caused by the editing of Form 1038E entries or the continued use of outdated
software (all forms) may be corrected automatically by the EPO, leaving the payment date unchanged (see decision T 152/82,

OJ EPO 1984, 301 and point 6.3 ff ADA, Supplement to OJ EPO 10/2007).

Acknowledgement of receipt - application number EP13734912.2
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REVENDICATIONS

1. Composition pour utilisation en tant que matériau liant, matériau
électrolytique ou matériau formant un film séparateur d’un dispositif de stockage ou
de collecte d’énergie, comprenant :
une pluralité de fibres discrétes en nanotubes de carbone, lesdites fibres présentant un
rapport longueur/diametre d’environ 10 a environ 500, et dans laquelle au moins une
fraction des fibres discrétes en nanotubes de carbone présente une extrémité ouverte,
caractéris€ée en ce que la fraction constituée des fibres en nanotubes de carbone a
extrémité ouverte comprend un électrolyte.

2. Composition selon la revendication 1, dans laquelle 1’électrolyte
comprend un polymeére ou un liquide.

3 Composition selon 1"une quelconque des revendications précédentes,
dans laquelle les fibres en nanotubes de carbone présentent une distribution
unimodale, bimodale ou multimodale des diamétres et/ou des longueurs.

4. Composition selon la revendication 3, dans laquelle de 40 % a 90 %
en nombre des nanotubes de carbone discrets présentent un rapport
longueur/diametre de 30 a 70.

5. Composition selon la revendication 3 ou la revendication 4, dans
laquelle de 1 % a 30 % en nombre des nanotubes de carbone présentent un rapport
longueur/diametre moyen de 80 a 140,

6. Composition selon la revendication 1, dans laquelle la fraction
constituée des nanotubes de carbone discrets qui présentent une extrémité ouverte est
un conducteur ionique.

T Composition selon la revendication 6, comprenant en outre des
structures inorganiques additionnelles comprenant des éléments des groupes deux a
quatorze du tableau périodique des éléments.

8. Composition de liant selon la revendication 6 comprenant en outre des
structures carbonées non fibreuses choisies dans le groupe constitué¢ du noir de
carbone, du graphite, du graphéne, du graphéne oxydé, des fulleréenes, et de leurs

mélanges.

Ci\Usershdalmulder\AppData\Local\Microsoft\Windows\ Temporary Imemet Files\Coment Outlook\WQQ422ZW\37508FR160419-TRADREV. doc - 4 mai 2016 - 1/3
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9. Composition selon la revendication 8, comprenant en outre au moins
une fraction constituée de nanotubes de carbone discrets intercalés entre des plaques
de graphéne et/ou de graphéne oxyde,

10.  Composition selon la revendication 1, dans laquelle les nanotubes de
carbone sont orientés.

11.  Composition selon la revendication 10, dans laquelle 1" orientation est
réalisée par un procédé de fabrication de feuille, de micro-couche, de micro-couche
présentant une orientation verticale du film, de film, de moulage, d’extrusion ou de
filage de fibres.

12.  Composition selon la revendication 10 ou la revendication 11, dans
laquelle I"orientation inclut des procédés de post fabrication, tels qu’un traitement sur
rame, une orientation uniaxiale, une orientation biaxiale et un thermoformage.

13.  Composition selon la revendication 1, comprenant en outre au moins
un polymere.

14.  Composition selon la revendication 13, dans laquelle le polymere est
choisi dans le groupe constitué des polymeres vinyliques, du poly(styréne-
butadiene), des copolymeres contenant du poly(styréne-butadiene) partiellement ou
entierement hydrogéné, des copolymeres de poly(styréne-butadiéne) fonctionnalisés
tels que le poly(styréne-butadiéne) carboxylé, du poly(styréne-isopréne), du
poly(acide méthacrylique), du poly(méthacrylate de méthyle), du poly(acide
acrylique), des poly(vinylalcools), des poly(vinylacétates), des polymeres fluorés, de
la polyvinylpyrrolidone, des polymeéres conducteurs, des polymeres provenant de
sources naturelles, des polyéthers, des polyesters, des polyuréthanes et des
polyamides ; des homopolymeres, des co- ou ter-polymeres greffés, séquencés ou
aléatoires, et de leurs mélanges.

15.  Composition selon la revendication 1, dans laquelle les nanotubes de
carbone sont en outre fonctionnalisés.

16.  Composition selon la revendication 1, comprenant en outre au moins
un auxiliaire de dispersion.

17. Composition selon la revendication 1, étant un matériau liant
présentant une impédance inférieure ou égale a environ un milliard d’ohm-m.

18.  Composition selon la revendication 1, étant un matériau électrolytique

ou un film séparateur présentant une résistance au transfert de charge inférieure ou

Ci\Usershdalmulder\AppData\Local\Microsoft'Windows\ Temporary Imemet Files\Coment Outlook\WQQ422ZW\37508FR160419-TRADREV. doc - 4 mai 2016 - 2/3



P103060EPOO
13734912.2
éeale a environ 10 millions d’ohm-m.
19.  Composition selon la revendication 1, étant une pate pour les

électrodes d’un accumulateur au plomb-acide comprenant :
des nanotubes de carbone discrets présentant une longueur moyenne d’environ 400 a
environ 1 400 nm ; et

de I"alcool polyvinylique.

C:\Users\dalmulder\AppDataiLocal\Microsoft\Windows\ Temparary Imemet Files\Coment. Outlook\WQOQ422ZW\37508FR160419-TRADREV. doc - 4 mai 2016 - 33
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Anspriiche

1. Zusammensetzung zur Verwendung als ein Bindematerial, ein
Elektrolytmaterial oder ein Trennfolienmaterial von einem Energiespeicher
oder einer Sammelvorrichtung, umfassend: mehrere diskrete
Kohlenstoffnanoréhren-Fasern, wobei die Fasern ein Aspektverhiltnis von
ungefdahr 10 bis ungefiahr 500 haben, und wobei mindestens ein Teil der
diskreten Kohlenstoffnanordhren-Fasern offene Enden hat, dadurch
gekennzeichnet, dass der Teil der Kohlenstoffnanoréhren-Fasern mit offenem

Ende einen Elektrolyten umfasst.

2. Zusammensetzung nach Anspruch 1, wobei der Elektrolyt ein

Polymer oder eine Flussigkeit umfasst.

3. Zusammensetzung nach einem der vorhergehenden Anspriche,
wobei die Kohlenstoffnanorohren-Fasern eine unimodale, bimodale oder

multimodale Verteilung von Durchmessern und/oder Lingen haben.

4, Zusammensetzung nach Anspruch 3, wobei 40 % bis 90 % nach
Anzahl der diskreten Kohlenstoffnanordhren ein Aspektverhiltnis von 30-70

haben.

5. Zusammensetzung nach Anspruch 3 oder Anspruch 4, wobei von 1 %
bis 30 % nach Anzahl von Kohlenstoffnanoréhren ein durchschnittliches

Aspektverhiltnis von 80-140 haben.

6. Zusammensetzung nach Anspruch 1, wobei der Teil von diskreten

Kohlenstoffnanoréhren, die offenendig sind, ionenleitend sind.
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7. Zusammensetzung nach Anspruch 6, ferner umfassend zusétzliche

anorganische Strukturen, umfassend Klemente der Gruppen zwei bis

einschlieBlich vierzehn des Periodensystems der Elemente.

8. Bindemittelzusammensetzung nach Anspruch 6, ferner umfassend
Nichtfaser-Kohlenstoffstrukturen, ausgewihlt aus der Gruppe, bestehend aus

RuB, Grafit, Graphen, oxidiertem Graphen, Fullerenen und Gemischen davon.

9. Zusammensetzung nach Anspruch 8, ferner umfassend mindestens
einen Teil diskreter Kohlenstoffnanorthren, eingefugt zwischen Graphen-

und/oder oxidierten Graphenplatten.

10. Zusammensetzung nach Anspruch 1, wobel die

Kohlenstoffnanoréhren orientiert sind.

11. Zusammensetzung nach Anspruch 10, wobei die Orientierung in
einem Fertigungsverfahren wie einer Platte, Mikroschicht, Mikroschicht mit
vertikaler Folienorientierung, Folie, Formung, Extrusion oder Faserspinnen

bewerkstelligt wird.

12. Zusammensetzung nach Anspruch 10 oder Anspruch 11, wobei
Orientierung  Nachbearbeitungsverfahren wie Spannen, uniaxiale

Orientierung, biaxiale Orientierung und Thermoformen umfasst.

13. Zusammensetzung nach Anspruch 1, ferner umfassend mindestens

ein Polymer.

14. Zusammensetzung nach Anspruch 13, wobei das Polymer
ausgewéhlt i1st aus der Gruppe, bestehend aus Vinylpolymeren, Poly(styrol-
butadien), teilweise oder vollstindig hydriertem Poly(styrol-butadien)

enthaltenden Kopolymeren, funktionalisierten Poly(styrol-butadien)-

10
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Kopolymeren wie carboxyliertem Poly(styrol-butadien), Poly(styrol-isopren),

Poly(methacrylsidure), Poly(methylmethacrylat), Poly(acrylsédure),
Poly(vinylalkoholen), Poly(vinylacetaten), fluorierten Polymeren,
Polyvinylpyrrolidon, leitenden Polymeren, aus natirlichen Quellen
stammenden Polymeren, Polyvethern, Polyestern, Polyurethanen und
Polyamiden; Homopolymeren, Pfropf-, Block- oder Zufalls-Co- oder

Terpolymeren und Gemischen davon.

15. Zusammensetzung nach Anspruch 1, waobel die

Kohlenstoffnanoréhren weiter funktionalisiert sind.

16. Zusammensetzung nach Anspruch 1, ferner umfassend mindestens

eine Dispergierhilfe.

17. Zusammensetzung nach Anspruch 1, die ein Bindematerial mit
einer Impedanz von weniger als oder gleich ungefihr einer Milliarde Ohm-m

ist.

18. Zusammensetzung nach Anspruch 1, die ein Elektrolytmaterial
oder Trennfolie mit einem Ladungsibertragungswiderstand von weniger als

oder gleich ungefiahr 10 Millionen Ohm-m ist.

19. Zusammensetzung nach Anspruch 1, die eine Elektrodenpaste fur
eine Bleisdurebatterie ist, umfassend:

diskrete Kohlenstoffnanoréhren mit einer durchschnittlichen Lénge
von ungefdhr 400 bis ungefdhr 1400 nm; und

Polyvinylalkohol.

11
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Europdisches
Patentamt

European
Patent Office

Cffice européen
des brevets

Representative:

V.0.

106850

P.O.

Box 87930

Carnegieplein 5
2508 DH Den Haag
Netherlands

Phone: +3170 4166711

Fax:

+31 70 4166799

E-mail: patent@vo.eu

Letter accompanying subsequently filed items

80298 Munich
Germany
Tel. +49(0)89 2399-0 | Fax -4465

P.O. Box 5818

NL-2280 HV Rijswijk

Netherlands

Tel. +31(0)70 340-2040 | Fax -3016

10958 Berlin
Germany
Tel. +49(0)30 25901-0 | Fax -840

The document(s) listed below is (are) subsequently filed documents pertaining to the following application:

Application number 137349122
Applicant's or representative's reference P103060EPOO
Description of document Original file name Assigned file name
1 | German translations of the claims P103060EPOO De claims.pdf CLMSTRAN-DE-1 pdf
2 |French translations of the claims P103060EPO0 FR claims.pdf CLMSTRAN-FR-1.pdf
Fees Factor applied Fee schedule Amount to be paid
15-1 007 Fee for grant and printing (not more than 35 pages) or 1 925.00 925.00
fee for grant including fee for publication
Total: EUR 925.00
Payment
1 Mode of payment Debit from deposit account
Currency: EUR
The European Patent Office is hereby authorised, to debit
from the deposit account with the EPO any fees and costs
indicated on the fees page.
Deposit account number: 28090002
Account holder: V.0.
2 Refund/Reimburserment
Reimbursement (if any) fo be made to EPO deposit account: 28090002
Account holder: V.0.
Annotations

Communication under Rule 71(3) EPC(V.O.; 04.05.2016)
1. Remark{Annotate)

| refer to the communication under Rule 71(3) EPC and enclose herewith the following documents :

P103060EP0O0

12




1. Translations of claims :

and

2. Payment in settlement of the granting and printing fees.

I herewith authorize the European Patent Office to deduct all necessary fees that are involved in this specific action from my deposit-account
No. 2809.0002

Signatures
Place: Den Haag
Date: 09 May 2016
Signed by: /C.M. Jansen/
Association: V.0.
Representative name: C.M. Jansen
Capacity: (Representative)
P103060EP00
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Europiisches European Patent Office

Patentamt Postbus 5818
European 2280 HV Rijswijk
0 Patent Office NETHERLANDS
Tel: +31 70 340 2040

Office européen

des brevets Fax: +31 70 340 3016

Annex to EPO Form 2004, Communication pursuant to Rule 71(3) EPC

Bibliographical data of European patent application No. 13 734 912.2

For the intended grant of the European patent, the bibliographical data are set out below, for information:

Title of invention: - BINDEMITTEL, ELEKTROLYTE UND TRENNFOLIEN FUR

ENERGIESPEICHER- UND SAMMELVORRICHTUNGEN MITTELS
DISKRETER KOHLENSTOFFNANOROHREN

- BINDERS, ELECTROLYTES AND SEPARATOR FILMS FOR ENERGY
STORAGE AND COLLECTION DEVICES USING DISCRETE CARBON
NANOTUBES )

- LIANTS, ELECTROLYTES ET FILMS SEPARATEURS POUR
DISPOSITIFS DE STOCKAGE ET DE COLLECTE D'ENERGIE
FAISANT APPEL A DES NANOTUBES DE CARBONE INDIVIDUELS

Classification: INV. HO1M2A6 HO1M4/14 HO1G9/02 HO1G11/38 HO1G11/52 HO1G11/54
HO1M10/056 H01G9/022 ADD. HO1M4/62

Date of filing: 21.06.2013

Priority claimed: US /21.06.2012 /USP201261662393

US /22.06.2012 /USP201261663513

Contracting States*

for which fees have

been paid: ALATBEBGCHCY CZDEDKEEESFIFRGBGRHRHUIEISITLILT LU
LV MC MK MT NL NO PL PT RO RS SE SI SK SM TR

Extension States*
for which fees have
been paid:

Validation States*
for which fees have

been paid:

Applicant(s)**: Molecular Rebar Design LLC
13477 Fitzhugh Road
Austin, TX 78736
us

Inventor(s): SWOGGER, Kurt W.

4211 Waters Edge Cove
Austin, TX 78731
us

BOSNYAK, Clive P.

12001 Settlers Trail
Dripping Springs, TX 78620
us

EPOQ Form 2056 (Sheetl) 14.07TRI
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European Patent Office

Europiisches
Patentamt Postbus 5818

Sustin 2280 HV Rijswikk
0 Patent Office NETHERLANDS
. Tel: +31 70 340 2040
ffi
el Fax: +31 70 340 3016

des brevets

MARINKOVIC, Milos
4700 East Riverside Drive,
Apt. 1121

San Antonio, TX 78741
us

) If the time limit for the payment of designation fees according to Rule 39(1) EPC has not yet
expired and the applicant has not withdrawn any designation, all Contracting
States/Extension States/Validation States are currently still deemed to be designated.

See also Rule 71a(3) EPC and, if applicable, the above Note to users of the automatic debiting
procedure.

“*)  Iftwo or more applicants have designated different Contracting States, this is indicated here.

EPQ Form 2056 (Sheet2) 14.07TRI
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Europiisches European Patent Office
Patentamt Postbus 5818
Eaveniin 2280 HV Rijswijk
o Patent Office NETHERLANDS
) 5 Tel: +31 70 340 2040
off
dusbreidts Fax: +31 70 340 3016

[T ] Formalities Officer
Name: Giel-Barragan Ramos
Tel: +31 70 340 - 3046
or call
V.0

+31 (0)70 340 45 00

P.0. Box 87930
2508 DH Den Haag

PAYS-BAS
| Application No. | Rel Date
‘ 13 734 912.2 - 1359 P103060EP0O0 04.01.2016

[ Applicant
‘ Molecular Rebar Design LLC

Communication under Rule 71(3) EPC
1. Intention to grant

You are informed that the examining division intends to grant a European patent on the basis of the above
application, with the text and drawings and the related bibliographic data as indicated below.

A copy of the relevant documents is enclosed.

1.1 In the text for the Contracting States:
AL AT BE BG CH CY CZ DE DK EE ES FI FR GB GRHR HU IE IS IT LI LT LU LV MC MK MT NL NO PL PT
RO RS SE SISKSM TR

Description, Pages
1-10, 12-26 as published

Claims, Numbers
1-19 filed with entry into the regional phase before the EPO

Drawings, Sheets
1M as published

With the following amendments to the above-mentioned documents proposed by the division
Description, Pages 17, 7%, 11*", 14* 17***

Delete Previous: 11, 27", 2g*+*
Claims, Numbers RN
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1.2
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2.2

Date 04.01.2016 Sheet 2 Application No.: 13 734 912.2

Comments

*: deleted [1], Art. 84 EPC

**: introduction of indication of prior-art, R. 42(1)b EPC

***: deleted [30] and [49], Art. 84 EPC, conformity of the description with the claims
***: deleted "spirit”, Art. 84 EPC

= Ant. 84 EPC, conformity of the description with the claims

¥ two parts from, R. 43(1) EPC

Bibliographic data

The title of the invention in the three official languages of the European Patent Office, the international patent
classification, the designated contracting states, the registered name(s) of the applicant(s) and the other
bibliographic data are shown on EPO Form 2056 (enclosed).

Invitation

You are invited, within a non-extendable period of four months of notification of this communication,

to EITHER approve the text communicated above and verify the bibliographic data (Rule 71(5) EPC)

(1) by filing a translation of the claim(s) in the other two official languages of the EPO

Fee code EUR
(2a) by paying the fee for grant including the fee
for publication: 007 915.00
minus any amount already paid (Rule 71a(5) EPC): 0.00
Total amount: 915.00
(3) by paying additional claims fees under Rule 71(4) EPC;
number of claims fees payable: 0 016 0.00
minus any amount already paid (Rule 71a(5) EPC): 0.00
Total amount: 0.00

Important: If the translations of the claims and fees have already been filed and paid respectively in reply to a
previous communication under Rule 71(3) EPC, e.g. in the case of resumption of examination after approval
(see Guidelines C-V, 6), agreement as to the text to be granted (Rule 71a(1) EPC) must be expressed
within the same time limit (e.g. by approving the text and verifying the bibliographic data, by confirming that
grant proceedings can go ahead with the documents on file andor by stating which translations of the claims
already on file are to be used).

Note 1: See "Important notes concerning fee payments” below.
Note 2: Any overpaid "minus” amounts will be refunded when the decision to grant (EPO Form
2006A) has been issued.

OR, in the case of disapproval, to request reasoned amendments or corrections to the text
communicated above or keep to the latest text submitted by you (Rule 71(6) EPC).
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Date 04.01.2016 Sheet 3 Application No.: 13 734 912.2

In this case the translations of the claims and fee payments mentioned under point 2.1 above are NOT due.

The terms "amendment(s)" and "correction(s)" refer only to amendments or corrections of the application
documents and not of other documents (e.g. bibliographic data, the designation of the inventor, etc.).

If filing amendments, you must identify them and indicate the basis for them in the application as filed. Failure
to meet either requirement may lead to a communication from the examining division requesting that you
correct this deficiency (Rule 137(4) EPC).

2.3 Bibliographic data

Where you request a change or correction of bibliographic data in response to the Rule 71(3) communication,
this will not cause the sending of a further communication under Rule 71(3) EPC. You will still have to pay the
fees and file translations in reply to the Rule 71(3) communication in the case of 2.1 above, unless you also file
a reasoned request for amendments or corrections in response to the Rule 71(3) communication (see case 2.2
above).

3. Loss of rights

If neither of the two possible actions above (see points 2.1 or 2.2) is performed in due time, the European
patent application will be deemed to be withdrawn (Rule 71(7) EPC).

4. Further procedure

4.1 Inthe case of point 2.1 above

4.1.1 The decision to grant the European patent will be issued, and the mention of the grant of the patent will be
published in the European Patent Bulletin, if the requirements concerning the translation of the claims and the
payment of all fees are fulfilled and there is agreement as to the text to be granted (Rule 71a(1) EPC).

Note on payment of the renewal fee:

If a renewal fee becomes due before the next possible date for publication of the mention of the grant of the
European patent, publication will be effected only after the renewal fee and any additional fee have been paid
(Rule 71a(4) EPC).

Under Article 86(2) EPC, the obligation to pay renewal fees to the European Patent Office terminates with the
payment of the renewal fee due in respect of the year in which the mention of the grant of the European patent
is published.

Note on payment of the designation fee(s):
If the designation fee(s) become(s) due after the communication under Rule 71(3) EPC, the mention of the
grant of the European patent will not be published until these fees have been paid (Rule 71a(3) EPC).

4.1.2 After publication, the European patent specification can be downloaded free of charge from the EPO
publication server https:/data.epo.orgpublication-server or ordered from the Vienna sub-office upon payment
of a fee (OJ EPO 2005, 126).

4.1.3 Filing of translations in the contracting states

As regards translation requirements prescribed by the contracting states under Article 65(1) EPC, please
consult the website of the European Patent Office

www.epo.org =*Law & practice =*Legal texts, National law relating to the EPC

www.epo.org =Law & practice =All Legal texts =London Agreement

In the case of a valid extension or validation
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Date 04.01.2016 Sheet 4 Application No.: 13 734 912.2

As regards translation requirements prescribed by the extension or validation states, please consult the
website of the European Patent Office
www.epo.org =Law & practice =*Legal texts, National law relating to the EPC

Failure to supply a prescribed translation in a contracting state, or in an extension or validation state
may result in the patent being deemed to be void ab initio in the state concerned (Art. 65(3) EPC).

4.2 In the case of 2.2 above

If the present communication under Rule 71(3) EPC is based on an auxiliary request and, within the time limit,
you maintain the main request or a higher ranking request which is not allowable, the application will be
refused (Art. 97(2) EPC).

If the examining division gives its consent to the requested amendments or corrections, it will issue a new
communication under Rule 71(3) EPC; otherwise, it shall resume the examination proceedings
(Rule 71(6) EPC).

5. Filing of a divisional application

Any divisional application relating to this European patent application must be filed directly with the European
Patent Office in Munich, The Hague or Berlin and will be in the language of the proceedings for the present
application, or if the latter was not in an official language of the EPO, the divisional application may be filed in
the language of the present application as filed (see Article 76(1) and Rule 36(2) EPC). Any such divisional
application must be filed while the present application is still pending (Rule 36(1) EPC; Guidelines A-1V, 1.1.1).

6. Important notes concerning fee payments
6.1 For all payments, please refer to the relevant fee code(s).
6.2 Automatic debiting procedure

The fee for grant, including the fee for publication, and any additional claims fees due under Rule 71(4) EPC
will be debited automatically on the date of filing of the translations of the claims, or on the last day of the
period of this communication. However, if the designation fee(s) become(s) due as set out in Rule 71a(3) EPC
and/or a renewal fee becomes due as set out in Rule 71a(4) EPC, these should be paid separately by another
permitted way of payment in order not to delay the publication of the mention of the grant. The same applies in
these circumstances to the payment of extension and validation fees. For further details see the Arrangements
for the automatic debiting procedure (AAD) and accompanying information from the EPO concerning the
automatic debiting procedure (Annexes A.1 and A.2 to the Arrangements for deposit accounts (ADA) in
Supplementary publication - OJ EPO 3/2015).

Note: If a waiver is expressed in response to a Rule 71(3) communication (see OJ EPO 2015, A52), the fee for
grant, including the fee for publication/printing, and any additional claims fees will not be debited automatically.
These fees must be paid separately by another means of payment allowed under the Rules relating to Fees.

6.3 Important information relating to fee amounts

Following any amendment to the Rules relating to Fees, the amount(s) mentioned in this communication may
be different from the amount(s) actually due on the date of payment. The latest version of the Schedule of
fees and expenses, published as a Supplement to the Official Journal of the EPQ, is also available on the EPO
website (www.epo.org) and can be found under www.epo.org/schedule-of-fees, which allows the viewing,
downloading and searching for individual fee amounts, both current and previous.

Please note that procedural fees are usually adjusted every two years, on even years, with effect from 1 April.
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Date 04.01.2016 Sheet 5 Application No.: 13 734 912.2

Examining Division:

Chairman: Riba Vilanova, Marta
2nd Examiner: Le Hervet, Morgan
1st Examiner: Crottaz, Olivier
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Giel-Barragan Ramos

For the Examining Division

Tel. No.: +31 70 340 - 3046 Branch at The Hague
Enclosures: Text intended for grant (29 pages)

EPO Form 2056
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IV.2. Patent classificatioh

The classification has been changed. It now is as follows:

Application No.:

13734 912.2

INV. HO1M2/16 HO1M4/14 H01G9/02 HO1G11/38 HO1G11/52 HO1G11/54
HO01M10/056 HO1G9/022 ADD. HO1M4/62

IV.3. Title of the invention

The title indicated on the published patent application remains unchanged. It reads as follows:

BINDEMITTEL, ELEKTROLYTE UND TRENNFOLIEN FUR ENERGIESPEICHER-

UND SAMMELVORRICHTUNGEN MITTELS DISKRETER

KOHLENSTOFFNANOROHREN

BINDERS, ELECTROLYTES AND SEPARATOR FILMS FOR ENERGY STORAGE
AND COLLECTION DEVICES USING DISCRETE CARBON NANOTUBES

LIANTS, ELECTROLYTES ET FILMS SEPARATEURS POUR DISPOSITIFS DE
STOCKAGE ET DE COLLECTE D'ENERGIE FAISANT APPEL A DES

‘NANOTUBES DE CARBONE INDIVIDUELS

IV.4. Documentation

Chairman

- Enclosure(s):

Riba Vilanova, Marta !

181 examlner

Le Hervet, Morghm
2nd examiner

EPQ Form 2035.4 (Sheet 1) 12.07TRI
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[Printed: 13/10/2015| A2PAMPHLET] , 13734912

WO 2013/192513 : PCT/US2013/047029

BINDERS, ELECTROLYTES AND SEPARATOR FILMS FOR ENERGY STORAGE AND
COLLECTION DEVICES USING DISCRETE CARBON NANOTUBES

2

\

STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH

2] Not applicable
BACKGROUND
3] Many energy storage devices like batteries, capacitors and photovoltaics can utilize a

binder.and/or an electrolyte and separator film to provide enhanced performances in
mechanical stabilization, improved electrical conduction of the powder used in cathodes or
electrodes and ion transport in the electro-or photoactive haterial and electrolyte.

[4] Lithium ion batteries are used extensively for portable electronic equipment and
batteries such as lithium ion and lead-acid are increasingly being used to provide electrical

back-up for wind and solar energy. The salts for theé cathode materials in lithium ion

22
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WO 2013/192513 - PCT/US2013/047029

batteries are generally known to have poor electrical conductivity and poor electrochemical

stability which results in poor cycling (charge/discharge) ability. Both cathode and anode
materials in many battery types such as lithium ion based batteries exhibit swelling  and

deswelling as the battery is charged and discharged. This spatial movement leads to further

separation of some of the particles and increased electrical resistance. The high internal

resistance of the batteries, particularly in large arrays of lithium ion batteries such as used in
electric vehicles, can result Iin excessive heat.generatioh leading to runaway chemical
reactions and fires due to the organic liquid electrolyte.

Lithium primary . batteries consist, for example, of lithium, poly(carbon
monofluoride) and lithium tetrafluoroborate together with a ‘solve‘nt such ‘as
gamma-butyrolactone as an electrolyte. These lithium primary batteries have excellent
storage lifetimes, but suffer from only being able to provide low current al;d the capacity is

about one tenth of what is theoretically possible. This is ascribed to the poor electrical

conductivity of the poly(carbon monofluoride). In some cases a portion manganese

dioxide is added to aid in the electrical conductivity and power of the lithium battery.

Attempts to overcome the deficiencies of poor adhesion to current collectors and to

prevent microcracking during expansion and contraction of rechargable batteries have

included deve.lopment of binders. Binders such as polyacrylic acid (PAA), for cathodes,
poly(st)'rene butadiene), cé:boxymethylcellulose (CMC), styrene-butadiene (‘SBR), for
anodes, and particularly polyvinylidene fluoride (PVDF) for cathodes and anodes, are used
in lithium based batteries to hold thé active material particles tégethef and to maintain
contact with the current collectors i.e., the aluminum (Al) or thé copper (Cu) foil. The PAA

and SBR are used -as aqueous suspensions or solutions and are considered more

27/12/2013
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WO 2013/192513 PCT/US2013/047029

environmentally benign than organic solvent based systems such as n-methyl 2 pyrrolidone
(NMP) with PVDF.

[7] A cathode electrode of a lithium ion batter& is typically made by mixing active
material powder, such as lithium iron phosphate, binder powder, i.e., high molecular weight
PVDF, sdlvent such as NMP if using PVDF, and additives such as carbon black, into a siurry
(paste) and pumping this slurry to a coating machine. An anode electrode for a lithium ion
battery is made similarly by typically mixing graphite, or other materials such as silicon, as
the active material, toge'ther with the binder, solvent and additives. The coating machines
spread the mixed slurry (paste) on both sides of the Al foil for the cathoae and Cu foil for the
anode. The coated foil ié subsequently calendared to make the electrode thickness more
uniform, followed by a slitting operation for proper electrode sizing and drying.

(8] For zinc-carbon batteries, the positive electrode can consist o’f a wet powder mix of
manganese dioxide, a powdefed carbon black and electrolyte sﬁ_ch as ammonium chloride
and water. The carbon black can add electrical conductivity to the mangénese dioxide
particles, but isvlmeeded at high weight percentages in the range about 10 to 50% by weight of
manganese dioxide. These high amounts of carbon black needed for improved electrical
conductivity, or reduced impedance of the battery, diminish the capacity per unit volume of
the battery as less manganese dioxide can be employed per unit volume of the positive paste
mix. Thus, in general, there i; a need to improve the impedance of a battery while
maximizing the amount of active material per unit volume.

(9] For a lead-acid battery the anode can be made from carbon particles together with a
binder to provide highér ‘speciﬁc capacity (capacity per unit weight). The anode of a

zinc-carbon battery is often a carbon rod typically made of compressed carbon particles,

| ' _ Z/12/2013
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graphite and a binder such as pitch. The carbon particle anodes tend to have poor mechanical
strength leading to fracture under conditions of vibration and mechanical shock.

(10] The characteristics of the binder material are important for both manufacturing and
performance of the battery. Some of these characteristics of relevance are electrical and
ionic conductivity, tensile strength and extensibility, adhesion to particles as well as the
foils, and swelling of electrolyte. Improvement of electrical and ionic conductivity is needed
for improved battery capacity and power. Materials such as lithium manganese oxide for
cathodes and silicon particles for anodes exhibit much lower practical specific capacity than
theoretically available. A higher electrical and ionic conductivity binder material would be
most beneficial to achieve specific capacities closer to their theoretical values. It is
desirable to improve the tensile and adhesive strength of binders so that less binder material
can be employed and also improve the battery cycling lifetime. Addition of conductive
particles, such as carbon blaék decreases the tensile strength and extensibility of binders.-
Controlled swelling of the binder in electrolyte is also important. If too much swelling
occurs, this separates the particles and significantly increases the inter-particle ohmic
resistance. Also, since the particles of the.anode or cathode are coated with binder, the layer
thickness of the binder can be as thin as 50 to 100 nanometers. This layer thickness
precludes uniform distributions of particles of sizes larger than the binder layer thickness.
For example, multiwall carbon nanotubes as usually made in a gas phase reactor consist of
bundles with diameters ranging from aboqt 50 to 500 microns in-diameter and would
therefor reside only at the interstitial spaces between the particles.

[11] Impurities, such as non-lithium salts, iron, and manganese to name a few, with the
binder can also be highly deleterious to battery performance. Typically, high purity of the

binder material, and other additives comprising the binder material such as carbon black to

: 57/12/2013
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improve electrical conductivity, is an important factor to minimize unwanted side reactioﬁs
in the electrochemical process. For example in alkaline-manganese dioxide battéries the
total iron in the manganese dioxide is less than 100 ppm to prevent hydrogen gassing at t'he
anode. Commercially available carbon nanotubes such as Baytubes® (Bayer'lAG) or
Graphistrength® (Arkema) can contain as much as ten percent or more by Weight of residual
metal catalysts and are not considered advantageous for batteries at these levels of impurity.

[12] For photovoltaics, lines of conductive paste ink, made from solvents, binders, metal
powder and glass frit, are screen-printed onto solar panel modules. The binders are usually
polymer based for improved printability, such as ETHOCEL™ (Dow Chemical Company).
During the burning off of the polymer and cooling the iines can crack due to shrinkage
forces and so increase impedance. It is highly desirable to have a more robust conductive
.paste ink to prevent cracking during heating and cooling.

[13] Efforts to improve the safety of lithium ion batteries have included using
non-flammable liquids such as ionic liquids, for example, ethyl-methyl-imidazolium
bis-(trifluoromethanesulfonyl)-imide (EMI-TFSI), and solid polymer, sometimes with
additional additives, for example, polyethylene oxide with titanium dioxide nanoparticles,
or inorganic solid electrolytes such as a ceramic or glass of the type glass ceramics,
Lil+x+yTiz—xAlein3—y012 (LTAP). The electrical conductivity values of organic liquid
electrf)lytes are in the general range of 102 to 10" S/em. Polymer electrolytes have electrical
conductivity values in the range of about 107 to 10™* S/cm, dependent on temperature;
whereas inorganic solid electrolytes generally have values in the range 10% t0 107 S/cm. At
room temperature most polymer electrolytes have electrical conductivity values around 107
S/cm.  The low ionic conductivities of polyxnér and inorganic solid electrolytes are

presently a limitation to their general use in energy storage and collection devices. Itis thus

3
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highly desirable to improve the conductivity of electrolytes, and particularly with polymer
and inorganic electrolytes because of their improved flammability characteristics relative to
organic liquids. Also, it is desirable to improve the mechanical strength of solid electrolytes
in battery applications requiring durability in high vibration or mechanical shock
environments, as well as in their ease of device fabrication.

[14] In alkaline batteries the electrolyte is typically potassium hydroxide. Alkaline
batteries are known to have significantly poorer capacity on high current discharge than low
current discharge. Electrolyte ion transport limitations as well as polarization of the zinc
anode are known reasons for this. An increase in the electrolyte ion transport is highly
desirable.

[15] Amongst new generation thin film photovoltaic technologies, dye sensitized solar
cells (DSSCs) possess one of the most promising potentials in terms of their
cost-performance rétio. One of the most serious drawbacks of the present DSSCs
technology is the use of liquid and corrosive electrolytes which strongly limit their
commercial development. An example of an electrolyte currently used for DSSCs is
potassium iodide/iodine. Replacement of the presently used electrolytes is desirable, but
candidate electrolytes have poor ion transport.

[16] Typical electrolytic capacitors are made of tantalum, aluminum, or ceramic with
electrolyte systems such as boric acid, sulfuric acid or solid electrolytes such as polypyrrole.
Improvements desired include higher rates of charge and discharge which is limited by ion
transport of the electrolyte.

[17] A separator film is often added in batteries or capacitors with liquid electrolytes to
perform the function of electrical insulation between the electrodes yet allowing ion

transport. Typically in lithium batteries the separator film is a porous polymer film, the

, 571272013
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polymer being, for example a polyethylene, polypropylene, or polyvinylidene fluoride.
Porosity, can be introduced, for example, by using a matt of spun fibers or by solvent and/or
film stretching techniques. In lead-acid batteries, where used the separat'orv-ﬁlm is
conventionally a glass fiber vmatt. The polymer separator film coxnpriéing discrete carbon
nanotubes of this invention can improve ion transport yet still providev‘the neceésary
electrical insulation between the elect;odes. |
Linsert @ >

[18] The present invention comprises imi)roved binders, electrolytes and separator films

for energy storage and collection devices like bétteries, capacitors and photovoltaics

comprising discrete carbon nanotubes, methods for their production and products obtained

therefrom.

\
\

: \
' !
i

(0

\' Document WO 2011/163129 discloses a composition for use as a binder

\ material, an electrolyte material or a separator film material of an energy E

\ storage or collection device, comprising: a plurality of discrete carbon ‘
nanotube fibres, said fibres having an aspect ratio of from about 10 to about |

500 where at least a portion of the discrete carbon nanotube fibres are open
ended.
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SUMMARY
{19] In one embodiment, the invention is a composition comprising a plurality of discrete

carbon nanotube fibers, said fibers having an. aspect ratio of from about 10 to about 500, and
wherein at least a portion of the discrete carbon nénétube fibers are open ended, wherein the
composition comprises a binder material, an ele;:tr.olﬂe material or a separator film of an
energy storage or collection device.

[20] In another embodiment, the composition comprises a plurality of discrete carbon
nanotube fibers have a portion of disérete carbon nanotubes that are open ended and ion
conducting. The composition can further comprise at least one polymer. The polymer is
selected from the group consisting of vinyl polymers, preferably- poly(styrene-butadiene),
partially or fully hydrogenated poly(styrene butadiene) containing copolymers,
functionalized poly(styrene butadiene) copolymers such as carboxylated poly(styrene
butadiene) and the like, poly(styrene-isoprene), poly(methacrylic acid), poly(acrylic acid),
poly(vinylalcohols), and poly(vinylacetates), ﬂuo;inated polymers, breferably
poly(vinylidine difluoride) and poly(vinylidene difluoride) copolymers, conductive
polymers,  preferably - poly(acetylene),  poly(phenylene), poly(pyﬁole), and
poly(acrylonitrile), ’polymers derived from natural sources, preferably alginates,
polysaccharides, lignosulfonates, and cellulosic based materials, polyethers, polyolefines, .
.polyesters, polyurethanes, and polyamides; homopolymers, graft, block or random co- or
ter-polymers, and mixtures thereof.

[21] In yet anotHer.Embodimcnt of this invention, _the plurality of discrete carbon
nanotube fibers are further functionalized, preferably the functional group comprises a
molecule of mass “greater than 50g/mole, and more pr;.aferably the functional group

comprises carboxylate, hydroxyl, ester, ether, or amide moieties, or mixtures thereof.
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[22] A further embodiment of this invention comprising a plurality of discrete carbon
nanotube fibers further comprising at least one dispersion aid’.

23] In a yet further embodiment of this invention, the plurality of carbon naﬁotubes
further comprise additional inorganic structures comprising of elements of the groups two
through fourteen of the Periodic Table of Elements.

[24] Another embodiment of this invention comprises a plurality of carbon wherein the
composition has a flexural strength of at least about ten percent higher than a comparative
composition made without the plurality of discrete carbon nanotubes.

[25] Yet another embodiment of this invention is a binder, electrolyte or separator film
composition comprising a plurality of discrete carbon nanotube fibers having a portion of
discrete carbon nanotubes that are open ended and ion conducting further comprfsing
non-fiber carbon structures. The non-fiber carbon structﬁres comprise components selected
from the group cons‘isting of carbon black, graphite, graphene, oxidized graphene, fullerenes
and mixtures thereof. Preferably the graphene or oxidized graphene have at least a portion of
discrete carbon nanotubes interspersed between the graphene or oxidized graphene platelets.

[26] A yet further embodiment of this invention is a composition comprising a plurality
of discrete carbon nanotube fibers where the binder materjal has an impedance of less than
or equal to about one billion (1 x 10%) 6hm-m and the electrolyte material has a charge
transfer resistance of less than or equal to about 10 million (1 x 107) ohm-m.

[27] Another embodiment of this invention comprises an electrolyte or separator film
composition comprising a plurality of discrete carbon nanotube fibers wherein the cafboﬁ :

| nanotubes are oriented. The orientation is accomplished by fabriéation techniques such as in

a sheet, micro-layer, micro-layer with vertical film orientation, film, molding, extrusion, or

‘ ' . 27/12/2013
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i

fiber spinning fabrication method. The orientation may also be made via post fabrication
methods, such as tentering, uniaxial orientation, biaxial orientation and thermoforming.

[28] A further embodiment of this invention is a composition comprising a plurality of
discrete carbon nanotubes wherein the portion of open ended tubes comprise electrolyte. For
an electrolyte comprising polymer, the polymer is preferred to comprise a molecular weight
of the polymer less than 10,000 daltons, such that the polymer can enter within the tube.
The electrolyte may contain liquids.

29] An additional embodiment of this invention comprises a composition including a
plurality of discrete carbon nanotube fibers, said fibers having. an aspect ratio of from about
10 to about 500, and .wherein at least a portion of the discrete carbon nanotube fibers are
open ended, preferably wherein 40% to 90% by number of the carbon nanotubes have an
aspect ratio of 30-70, and more preferably aspect ratio of 40-60, and 1% to 30% by number
of éspect ratio 8VO-140, most preferably an aspect ratio of 90 to 120. In statistics, a bimodal
distribution is a continuous probability distribution with two different modes. These appear
as distinct peaks (local maxima) in the probability density function. More ‘generally, a
multimodal distribution is a continuous probability distribution with two or more modes.
The discrete carbon nanotubes can have a unimodal, bimodal or multimodal distribution of
diameters and/or lengths. For example, the discrete carbon nanotubes can have a bimodal
distribution of diameters wherein one of the peak values of diameter is in the range 2 to 7
nanometers and the other peak value is in the range 10 to 40 nanometers. Likewise, the
lengths of the discrete carbon nanotubes can have a bimodal distribution such that one peak
has a maximum value in the range of 150 to 800 nanometers and the second peak has a
maximum value in the range 1000 to 3000 nanometers. That composition is useful in
binders and electrolytes of the invention.

‘ 10 — 12
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BRIEF DESCRIPTION OF FIGURES

[(31] The following drawings form part of the present specification and are included to
further demonstrate certain aspects of the present invention. The invention inay be better
understood by reference to one or more of thése drawings in combination with the detailed

description of specific embodiments_pres‘ent"ed herein.

(32] Figure 1 shows discrete carbon nanotubes of this invention with a bim(;dal length
distribution where the maximum of one peak is about 700 nanometers and the maximum of
the second peak is about 1600 nanometers. The lengths were determined by dep(_)sitioh of

the discrete carbon nanotubes on a silicon wafer and by using scanning electron microscopy.
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DETAILED DESCRIPTION
[33] . In the following description, certain details are set forth such as specific quantities,

sizes, etc., so as to provide a thorough understanding of the present embodimenté disclosed
herein. However, it will be evident to those of ordinary skill in the art that the present
disclosure may be practiced without such spc\eciﬁc details. In many cgses,_aetails conéeming
such considerations and the like have been omitted 1'na§much as such details are not -
necessary to obt‘ain a complete understanding of the present disclosure and are within the

skills of persons of ordinary skill in the relevant art.

[34] While most of the terms used herein will be recognizable to those of ordinary skill in’
the art, it should be understood, that when not explicitly defined, terms should be
interpreted as adopting a meaning presently accepted by those of ordinary skill in the art. In |
cases where the construction of a term would render it meaningless or essentially
meaningless, the definition should be taken from Webster's Dictionary, 3rd Edition, 2009.
Definitions and/or interpr.etations should not be incorporated from other patent applications,

patents, or publications, related or not, unless specifically stated in this specification.

[35] In the present invention, discrete oxidized carbon nanotubes, alternatively termed
exfoliated carbon nanotubes, are obtained from as-made bundled carbon nanotubes by
methods such as oxidation usiflg a combination of concentrated sulfuric and nitric acids and

~ sonication. The bundled carbon nanotubes can be made from any known means such as, for
example, chemical vapor depositioﬁ, laser ablation, and high pressure carbon monoxide
synthesis. The bundled carbon nanotubes can be present in a variety of forms including, for

example, soot, powder, fibers, and bucky paper. Furthermore, the bundled carbon nanotubes
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may be of any length, dianletgr, or chirality. Carbon nanotubes may be metallic,
semi-metallic, semi-conducting, or non-metallic based on their chirality and number of
walls. They may also include amounts of nitrogen within the carbon wall structure. The
discrete oxidized carbon nanotubes may include, for example, single-wall, double-wall
carbon nanotubes, or multi-wall carbon nanotubes and combinations thereof. The
diameters and lengths of the discrete carbon nanotubes can be determined by deposition of
the discrete carbon nanotubes from dilute solution on a silicon wafer and by using scanning
electron microscopy.

[36] One of ordinary skill in the art will recognize that many of the specific aspects of this
invention illustrated utilizing a particular type of carbon nanotube may be practiced
equivalently within the \spirit-and| scope of the disclosure utilizing other types of carbon

nanotubes.

[37] Functionalized carbon nanotubes of the present disclosure generally refer to the
chemical modification of any of the carbon nanotube types dgscribed hereinabove. Such
modifications can involve the nanotube ends, sidewalls, or both. Chemical rﬁodiﬁcatiohs
may include, but are not limited to covalent bonding, ionic bonding, chemisorption,
intercalation, surfactant interactions, polymer wrapping, cutting, solvation, -and

combinations thereof.

[38] Any of the aspects disclosed in this invention with discrete carbon nanotubes may
also be modified within thetspi-%andﬂscope of the disclosure to substitute other tubular
nanostructures, including, for example, inorganic or mineral nanotubes. Inorganic or
miner‘al nanotubes include, for example, silicon nanotubes, boron nitride nanotubes and

carbon nanotubes having heteroatom substitution in the nanotube structure, such as
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nitrogen. The nanotubes may include or be associated with organic or inorganic elements
or compounds from elements such as, for example, carbon, silicon, boron and nitrogen. The
inorganic elements can comprise of elements of the groups two through fourteen of the.
Periodic Table of Elements, singly or in combination. Association may be on the interior or
exterior of the inorganic or mineral nanotubes via Van der Waals, ionic or covalent bonding

to the nanotube surfaces.

[39] Dispersing agents to aid in the dispersion of discrete carbon nanotubes or other
components of this .invention are, for example, anionic, cationic or non-ionic surfactants,
such as sodium do&ecylsulfonate, cetyltrimethyl bromide or polyethers such as the Pluronic
made by BASF. They can -be physically or chemically attached to the discrete ;:arbon
nanotubes. In some cases the dispersing aid can also act as a binder. For example, with
lead-acid batteries polyvinylalcohol can be used to disperse discrete carbon nanotubes of
this invent_ion in water among the paste particles then on addition of sulfuric agid the
polyvinylalcohol is considered to deposit on the paste particle and act as a binder, The
polyvinylalcohol is preferred to have an average molecular weight less than about 100,000

daltons.

[40] In some embodiments, the present invention comprises a composition for use as a
binder material, an electrolyte material or a separator ﬁlm material of an energy storage or
collection device, comprising a plurality of discrete carbon nanotube fibers The nanotube
fibers may have an aspect ratio of from about 10 to about 500, and at least a portion of the
discrete carbon nanotube fibers may be open ended. The portion of discrete carbon

nanotubes that are open ended may be conducting.

15 .
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(41] In some embodiments of the present invention, the composition may further
comprise at least one polymer. The polymer may be selected from the group consisting of
vinyl polymers, such as poly(styrene-butadiene), partially or fully hydrogenated
poly(styrene butadiene) containing copolymers, functionalized poly(styrene butadiene)
copolymers such as carboxylated poly(styrene butadiene), poly(styrene-isoprene),
poly(methacrylic acid), poly(methylmethacrylate), poly(acrylic acid), poly(vinylalcohols),
poly(vinylacetates), fluorinated polymers, polyvinylpyrrolidone, conductive polymers,
polymers derived from natural sources, polyethers, polyesters, polyuret};anes, and
polyamides; homopolymers, graft, block or random co- or ter-polymers, and mixtures

thereof.

[42] In further embodiments, the composition of the present invention may corﬁprise
carbon nanotubes which are further functionalized. The composition of the present
invention may comprise additional inorganic structures comprising elements of the groups
two through fourteen of the Periodic Table of Elements. The composition of the present

invention may further comprise at least one dispersion aid.

[43] The composition of the present invention may further comprise an alcohol, such as
polyvinyl alcohol.
[44] In some embodiments, the present invention comprises a binder material further

cqmprise non-fiber carbon structures, for example carbon black, graphite, graphene,
oxidized graphene, fullerenes, and mixtures thereof. In some embodiments, at least a
portion of‘ discrete carbon nanotubes are interspersed between graphene and/or oxidized
graphene plates. In this embodiment, the binder material may have an impedance of less

than or equal to about one billion ohm-m.

16
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[45] In further embodiments, the composition of the present invention comprises an
electrolyte material or separator film. The composition may have a charge transfer

resistance of less than or equal to about 10 million ohm-m.

[46] In further embodiments, the carbon nanotubes of the present invention are oriented,
for example in a sheet, micro-layer, micro-layer with vertical film orileﬁtation, film,
molding, extrusion, or fiber spinning fabrication method.  Orientation may be
accomplished using post fabrication methods, such as tentering, uniaxial orientation, biaxial

orientation and thermoforming.
[47] In some embodiments of the present invention, a portion of open ended tubes

comprise electrolyte. The electrolyte may compfise a polymer or a liquid.

[48] In further embodiments of the invention, 40% to 90% by number of the discrete
carbon nanotubes have an aspect ratio of 30-70. In other embodiments, 1% to 30% by

number of carbon nanotubes have an average aspect ratio 80-140.

[49] Hnsome-embodiments—the—present—invention—eomprises—an—ele

lead-acid battery comprising discrete carbon nanotubes haviagan average length from about

400 to ébout 1400 nm. The elee

polyinyiaCohely

[50] The present invention also comprises a method for making a composition for use as a

ode paste may further comprise an alcohol, for example

binder material, an electrolyte material or a separator film material for an energy storage or
collection device. The method comprises the steps of a) adding carbon nanotubes to a liquid,
solvent or po]ymer melt b) vigorous mixing such as with a sonicator or high shear mixer for a
period of time; and c) obtionally adding further materials, such as PVDF, and inorganic

fillers such as carbon black and continued mixing until a homogenous dispersion is

17
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obtained. The mixture can then be further fabricated into shapes by such methods as film
extrusion, fiber extrusion, solvent casting, and thermoforming. The method may further
comprise adding a polymer, a dispersion aid, additional inorganic structures, or an alcohol,

such a polyvinyl alcohol.

Electrolytes

[51] The term e’lectrolyte is defined as a solution able to carry an electric éurrent. An ionic
salt is dissolved in a medium which allows ion transport. Ion transport is defined as the
movement of ions through the electrolyte. The ions are preferably a single type of ion, but
canbea mixture.of types of ions. The medium can be solid, liquid or semi-solid, for example
ge[atinous. For example, in a lead-acid battery the electrolyte medium is preferred to be
liquid ;)r gelatinous. For a lithium based battery the electrolyte medium is preferred to be
g€latinous and more preferably a solid at use temperature to prevent high concentrations of

. flammable organic liquids which could escape on battery failure by 'shorting or penetrétic;n.
The electrolyte has to be sufficiently noﬁ—electrical]y conductive to.prevent poor storage

stability or shorting.

[521 A separator film is often added in batteries with liquid electrolytes to perform the
function of electrical insulation betwe‘en the electrodes yet allowing ion transport. Typically
in lithium batteries the separator film is a porous polymer film, the polymer being, for
example a polyethylene, polypropylene, or polyvinylidene fluoride. Porosity can be
introduced, for example, by using a matt of spun fibers or by solvent and/or film stretching

techniques. In lead-acid batteries, where used the separator film is conventionally a glass

18
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fiber matt. The separator film comprising discrete carbon nanotubes of this invention can
improve ion transport yet still provide the necessary electrical resistivity. The degree of
electrical conductivity can be controlled by the amount of discrete carbon nanotubes within
the binder or separator film medium. In a binder it may be advantageous to use higher levels
of discrete carbon nanotubes, for example in the range 10 to 50% by weight -of the binder
medium, for the optimum balance of low electrical resistivity, for example, less than 1x10’
ohm-m, with strength, than for the electrolyte medium or separator film where it may be
advantageous to use less than 10% weight of discrete carbon nanotubes to maintain
electrical resistivity greater than about 1 x10" ohm-m. The use of discrete carbon
nanotubes to improve the strength and ease of battery assembly of the thin electrolyte or

separator films is also considered valuable.

(53] The flexural strength or resistance to cracking ?of the solid electrolytes can be
determined by flexural bending of a film or sheet of the solid electrolyte on a thin aluminum
or copper film in a 3-point bending fixture and an Instron Tensile Testing machine. The
test is analogous to standard test procedures given'in ASTM D-790. The resistance to
deformation and stress to crack the solid electrolyte through the solid electrolyte film

thickness is recorded. Units are in MPa.

[54] Jonic salts can be added to a polymeric medium such as polyethylene oxide to
produce electrolytes. For example, for lithium ion batteries ionic salts, such as lithium
perchlorate, lithium tetrafluoroborate, lithium trifluoromethanesulfate, lithium
bistrifluoromethanesulfonimide, lithium bisoxalatoborate can be added to the polymer, by
solvent or to the polymer melt. Solvents can be those that are retained as an electrolyte

medium, for example, ethylene carbonate, propylene carbonate, or solvents which are then
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removed by drying such as acetonitrile.

[55] The electrolyte or separator film containing polymeric material may have a
polymer, or a combination of polymers that are dissimilar by molecular weight and or by
type. For example, in an electrolyte containing polyethylene oxide a portion of the
polyethylene oxide can be of molecular weight above about 200,000 daltons and 'a portion
less than about 10,000 daltons. As another example, the polyethylene oxide can be partially
replaced by another polymer, such as polyvinylidene fluoride, polyvinylpyrrolidohe, or

~ polymethylmethacrylate.

Procedure for impedance and swelling evaluation of binder materials

[56] | Each dried sample film is obtained using a 22mm diameter punch. Films are also
obtained saturated with neat electrolyte (a 50/50 composition of ethylene carbonate a{ld
propylene carbonate) and electrolyte and 50% by weight of lithium perchlorate by
immersing the films for 1-20 days at room temperature. The films are evaluated for swelling
by weight increase and tested for impedancevusing an LCR meter, (Agilent 4263B) at 25
degrees centigrade and under about 70 psi, (0.483 MPa) pressure at 1 Khz. The units of

~ impedance are usually given as ohm-meter.

[57] The flexural strength or resistance to cracking of the pastes can be determined by
flexural bending of the paste on a thin aluminum or copper film in a 3-point bending fixture
and an Instron Tensile Testing machine. The test is analogous to standard test procedures
given in ASTM D-790. The stress to crack the paste through the paste thickness is recorded.

Units are in MPa.

20

_ 27/12/2013

40



. [Printed: 13/10/2015 [A2PAMPHLET] 13734912

WO 2013/192513 PCT/US2013/047029

- 58] The adhesive strength of the pastes can be determined by using lap shear strength
procedures and the Instron Tensile Testing Machine. The test is analogous to EN 1465.
The specimen consists of two rigid substrates, for example aluminum sheets or copper
sheets, bonded together by the paste in a lapped joint. This causes the two ends of the
specimen to be offset from the vertical load line of the test. The paste is placed between two
strip of material, The stress to failure on pulling the lapped specimen is recorded. Units are
in MPa.

Procedure for charge transfer resistance evaluation of electrolyte materials

[59] Electrolyte films are placed between two electrodes the resistance and reactance
determined at frequencies of 100 Hz, 120 Hz, 1 KHz, 10 KHz and 100 KHz using an LCR
meter, (Agilent 4263B) at 25 degrees centigrade and a 2volt dc bias with a sinusoidal test
level of 20mv. A Nyquist plot is contructed of tile reai and imaginary components of the

impedance from which the charge transfer resistance is obtained.
EXAMPLES 1-3

Compositions consisting of discrete carbon nanotubes in poly(vinylidene fluoride) for
binders and separator films.

[60] General procedure. A dispersion of discrete carbon nanotubes in
n-methyl-2-pyrrolidone (NMPj is first made by adding carbon nanotubes of about 2%
weight of oxidized moieties and average aspect ratio about 60 to NMP under vigorous
stirring. Following addition, sonication is applied for about 15 minutes to exfoliate the
carbon nanotubes. An amount of PVDF is sl(l)wly added to the system over a period of 30

minutes to obtain the desired weight fraction of carbon nanotube to PVDF. Vigorous stirring
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and sonication is continued until a homogenous dispersion was dbtained. A unifbrm black
colored film of PVDF is obtained by removing the NMP in vacuo to constant weight.

[61] Examples 1-3 are dried PVDF films containing discrete carbon nanotubes in the
weight percentaé,e 2.5,7.5 and 10%, respectively, and are shown in Table 1.

[62] Control 1 is made in a similar manner as Example 1 except that no discrete carbon
nanotubes are added. The resultant dried film is a pale yellow. The impedance
measurements of the dry films and films swollen for 20 days in a mixture of ethylene
carbonate and propylene carbonate 50/50 and 50% by weight of lithium perchlorate are
provided in Table 1.

[63] The results shown in Table 1 demonstrate that Examples 1-3 with discrete oxidized
carbon nanotubes of this invention in PVDF gave significantly lower values of impedance
than the control 1 of PVDF film alone. Furthermore, inélusion of carbon nanotubes of this -
invention in PVDF demonstrate higher mass uptake of the LiClO4 solvent mixture which
enables improved ion transport. These improved properties on addition of discrete carbon .
nanotubes. of this invention should lead to much enhanced performance as a binder or

separator film.

Table 1.

PVDF % wt Carbon | % mass Volume Volume resistivity
nanotubes uptake in .resistivity swollen with
ECO/PCO Dry ECO/PCO & LiCIO,,
_ and LiClO, Ohm-m ohm-m
Control1 |0 6 1.579x10% | 3.035x10"
Example 1 2.5 7 1.315x10" | 1.403x10"
Example2 |7.5 9 3.326x10" | 1.239x10°
Example3 | 10 14 1.216x10° 3.694x10°
22
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EXAMPLES 4 AND 5

Binder composition of discrete carbon nanotubes (w/w) in SBR Latex

[64] A polyether (BASF, Pluronic F-127) as a dispersing aid for the discrete carbon
nanotubes is dissolved in water cleaned by reverse osmosis at a weight ratio of 1.5 to 1 of the
polyeﬂxer to dry oxidized carbon nanotubes, then oxidized carbon nanotubes afe added at a
concentration of 1.5 weight/volume carbon nanotubes to water and sonicated for a period of
30 minutes to disperse the oxidized carbon nanotubes. SBR latex (Dow Chemical

| Company, grade CP 615 NA, 50% solidé content) is added directly to the exfoli'ated carbon
nanotubes at the desired carbon nanotube to SBR weight ratio and stirred vigorously until
homogenous. A black film is obtained on drying the mixture in air, followed by drying in

vacuo until constant weight of the film is obtained.

[65] Example 4 is made with five weight percent of discrete carbon nanotubes to dry

SBR.

[66] Example 5 is made with seven point five weight percent of discrete carbon

nanotubes to dry SBR.

[67] . Control 2 is made as example 4 and 5 except no discrete carbon nanotubes are added.

The film is clear.

[68] The impedance measurements of the dry films and films swollen for 2 days in a
mixture of ethylene carbonate, ECO, and propylene carbonate, PCO, 50/50 and 50% by

weight of lithium perchlorate are provided in table 2. The results demonstrate inclusion of
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discrete carbon nanotubes of this invention with SBR provide a significant reduction in

impedance.
Table 2.

SBR % weight % mass Volume
carbon uptake* | resistivity
nanotubes | ECO/PCO | Ohm-m
o LiClo,

Control 2 0 -3 ~9.99x10"

Example 4 5 2 4.241x10™

Example 5 75 2 1.073x10"

*2 day swell | '

EXAMPLE 6

Formation of a solid electrolyte contained (iiscrete carbon nanotubes wherein fhe tubes

are further functionalized with polyethylene o;&ide. |
[69] Oxidized carbon nanotube fibers are made by first sonicating the carbon nanotube
fiber bundles (CNano, grade 9000) ‘at 1% w/v in a mixture of concentrated sulfuric
acid/nitric acid for 2 hours or more at about 30 °C. After filtering and washing with water the
pH of the final washing is about 4.The oxidized carbon nanotube fibers are dried in vacuo
for 4 hours at about 80 °C. The resultant oxidized tubes generally contain about 1.5-6% by
weight of oxygenated species as determined by thermogravimetric analysis in nitrogen
between 200 and 600 °C and at least a portion of the tubes are open ended as determined by
secondary electron microscopy. The residual ash after burning the oxidized carbon
nanotubes in air to 800 °C is about 0.5 to 2% w/w. Monohydroxy poly(ethylene glycol),
"PEG-MH, of molecular weight about 1900 daltons (Sigma Aldridge) is added in excess to

the dried oxidized nanotubes together with a small amount of sulfuric acid as a catalyst and
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the mixture heated to 100 °C while sonicating for about 1 hour. After cooling and addition of
water the functionalized carbon nanotubes are filtered followed by washings to remove
excess PEG-MH and sulfuric acid. The functionalized carbon nanotubes are dried in vacuo
at 40°C overnight. 0.5% w/w of the carbon nanotubes reacted with E;EG-MH are added to
PEG-MH, heated to 60°C and sonicated for 30 minutes. A uhiform black liquid is obtained
which on examination while in the liquid state by optical microscopy up to 150X |
magnification vrevealed no discernible aggregates of carbon nanotubes, i.e. the tubes are
discrete and dispersed On cooling, the PEG-MH with discrete carbon nanotubes the
PEG-MH is obser\_led to crystallize and carbon nanotubes are observed to be between crystal
lamellae, i.e., in the amorphous regions of the solid polymer. This is considered very

advantageous as ions are recognized to travel preferentially in the amorphous regions.

EXAMPLES 7-15

Solid electrolyte compositions with discrete carbon nanotubes

[70] Discrete carbon nanotubes of oxidation about 2% and an average aspect ratio of 60,
with a portion of the carbon nanotubes being open-ended are dried in vacuo at 80 °C for four
hours. Compdsitions are made up as detailed in table 3 by first making solutions of the
components using acetonitrile (Sigma Aldridge, 99.8% anhydrous) as a solvent; a 1% w/v
solution of the discrete carbon nanotubes, a 2.5% w/v of polyethylene_: oxide, PEO, (Alfa
Aesar) consisting of a ratio of two PEO’s, one of molecular weight 300,000 daltons and the
other molecular weight 4000 daltons in the weight ratio 1:0.23, respectively, and 5% w/v
solution of lithium trifluoromethanesulfate (Aldrich). The dried discrete carbon nanotubes
are first sonicated in acetonitrile for 30 minutes using a sonicator bath. The solutions are

made to the various compositions (parts per hundred of PEO) given in Table 3, then
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sonicated for 30 minutes: at around 30 °C in a sonicator bath (Ultrasoriics). The mixtures
are then transferred to a glass dish and the acetonitrile evaporated for 4 hours to give films.
The films are dried in vacuo at 50 °C for 2 hours followed by compression molded at 120 °C
for 3 minutes and 20 tons platen pressure between polyethylene terephthalate ,sheets, cooled
to room temperature and stored in a dessicator before testjng.

[71] The results in Table 3 show that significant improvements are gained in the
conductivity of the solid electrolyte films with addition of discrete carbon nanotubes of this
invention compared to the cohtro]s. The electrolyte films made with discrete carbon
nanotubes are also seen to have higher strength than the controls as judged by their ability to

be handled without tearing.

Table 3.
LiCF3S0; PEO Discrete Carbon | Conductivity at 10
phr phr nanotubes phr KHz, 25 °C, S/cm
Control 3 15 100 0.0 3.89x10°
Control 4 20 . 100 0.0. 1.49x107
Control § 30 100 0.0 4.90x10°
Example 7 15 100 15 - 6.21x10™
Example 8 20 100 1.5 5.74x10"
Example 9 30 100 - 15 - 4.32x10*
Example 10 15 100 2.0 ' 1.27x10"
Example 11 20 100 2.0 227x10°
Example 12 30 100 20 . 2.67x10*
Example 13 15 100 3.0 3.62x10"
Example 14 20 100 3.0 1.11x10"
Example 15 30 100 3.0 . 2.89x10™
26
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Claims

1. A composition for use as a binder material, an electrolyte material or a

separator film material of an energy storage or collection device, comprising:

a plurality of discrete carbon nanotube fibers, said fibers having an aspect ratio

of from about 10 to about 500, and wherein at least a portion of the discrete

carbon nanotube fibers are open ended, fwherert the portion of open ended + ‘-&“&fi‘v\fﬁ?@j
carbon nanotube fibers comprise electrolyte. ' |

2. The composition of claim 1, wherein the electrolyte comprises a polymer

. or a liquid.
3. The composition of any one of the preceding claims, wherein the carbon

nanotube fibers have a unimodal, bimodal, or multimodal distribution of
diameters and/or lengths. | N
4. The composition of claim 3, wherein 40% to 90% by number of the
discrete carbon nanoﬁubes have an aspect ratio of 30-70.

5. The cdmposition of claim 3 or claim 4, wherein from 1% to 30% by
number of carbon nanotubes have an average aspect ratio 80-140.

6. The composition of claim 1, wherein the portion of discrete carbon
nanotubes that are open ended are ion conducting.

7. The composition of claim 6, further comprising additional inorganic
structures comprising elements of the groups two through fourteen of the
Periodic Table of Elements.

8. The binder composition of claim 6 further comprising non-fiber carbon
structufes selected ffom the group consisting of carbon black, graphite,
graphene, oxidized graphene, fullerenes, and mixtures thereof.

9. The composition of claim 8, further comprising at least a portion of
discrete carbon nanotubes‘interspersed between graphene and/or oxidized
graphene plates.

10. The composition of claim 1, wherein the carbon nanotubes are oriented.
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11. The composition of claim 10, wherein the orientation is accomplished in

a sheet, micro-layer, micro-layer with vertical film oriéntation, film, molding,

extrusion, or fiber spinning fabrication method.

12.  The composition of claim 10 or claim 11, wherein orientation includes

post fabrication methods, such as tentering, uniaxial orientation, biaxial
orientation and thermoforming.

13. The composition of claim 1, further comprising at least one polymer.

14. The composition of claim 13, wherein the polymer is selected from the

group consisting of vinyl polymers, poly(styrene-butadiene), partially or fully

hydrogenated poly(styrene butadiene) containing copolymers, functionalized

poly(styrene butadiene) copolymers such as carboxylated poly(styrene
butadiene), poly(styrene-isoprene), poly(methacrylic acid),

poly(methylmethacrylate), poly(acrylic acid), poly(vinylalcohols),

poly(vinylacetates), fluorinated polymers, polyvinylpyrrolidone, conductive

polymers, polymers derived from natural sources, polyethers, polyesters,
polyurethanes, and polyamides; homopolymers, graft, block or random co-

ter-polymers, and mixtures thereof.

or

15. The composition of claim 1, wherein the carbon nanotubes are further

functionalized.

16. The composition of claim 1, further comprising at least one dispersion

aid.
17.  The composition of claim 1, being a binder material having an

impedance of less than or equal to about one billion ohm-m.

18. The composition of claim 1, being a electrolyte material or separator film

having a charge transfer resistance of less than or equal to about 10 million

ohm-m.
19. The composition of claim 1, being an electrode paste for a lead-acid

battery comprising:

discrete carbon nanotubes having an average length from about 400 to about

1400 nm; and

48
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entries concerning the representative have been amended as follows:

V.0.

P.O. Box 87930
2508 DH Den Haag
NL

The amendment will be recorded in the Register of European Patents.

For the Examining Division
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Putents & Trademarks
European Patent Office Veresnigds Dmc:ibureaux N.V.
- amegieplein 5
D-80298 Munchen P.O. ;%:';7930
Germany 2508 DH The Hague
The Natheriande
Attn. Mrs. Claudia Weber Talaphons +31 70 416 67 11
Telafax +31 70 416 67 59
fax +49 89 2399 4465 NL_EP_PCT_patants@vo.eu
WWW.Vo.8u
Your ref. ' The Hague,
Our ref. RvE/E100EPEP 29 September 2016
Re.: Registration of the Association and change of address

Please exclusively use the registration of our Association V.0. No. 106850 solely for all our
cases.

All correspondence is to be headed to :

V.0

P.O. Box 87930
2608 DH Den Haag
the Netherlands

The professional representative,

C.M. Jansen

Received atthe EPO on Sep 29, 2015 10:59:41. Page 1 of 1
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European Patent Office
g 80295 MUNICH
European GERMANY
Patent Office

Office européen
des brevets

Questions about this communication ?
Contact Customer Services at www.epo.orgfcontact

TR R T

Jansen, Cornelis Marinus

Johan de Wittlaan 7
2517 JR Den Haag

PAYS-BAS
Date
01.04.15
Reference Application No./Patent No.
P103060EP0Q0 13734912.2 - 1359 / 2865031
Applicant/Proprietor
Molecular Rebar Design LLC

Communication of European publication number and information on the application of
Article 67(3) EPC

The provisional protection under Article 67(1) and (2) EPC in the individual Contracting States becomes
effective only when the conditions referred to in Article 67(3) EPC have been fulfilled (for further details,

see information brochure of the European Patent Office "National Law relating to the EPC" and additional
information in the Official Journal of the European Patent Office).

Pursuant to Article 153(3) EPC the publication under Article 21 PCT of an international application for

which the European Patent Office is a designated or elected Office takes the place of the publication of a
European patent application.

The bibliographic data of the above-mentioned Euro-PCT application will be published on 29.04.15 in
Section |.1 of the European Patent Bulletin. The European publication number is 2865031.

In all future communications to the European Patent Office, please quote the application number plus
Directorate number.

For the Examining Division
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European Patent Office
Patentamt 80298 MUNICH
0) sl GERMANY
Patent Office

Office européen
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Questions about this communication ?

Contact Customer Services at www.epo.orgfcontact

Jansen, Cornelis Marinus

Johan de Wittlaan 7
2517 JR Den Haag

PAYS-BAS
Date
26.03.15
Reference Application No./Patent No.
P103060EP0Q0 13734912.2 - 1359
Applicant/Proprietor
Molecular Rebar Design LLC

Communication pursuant to Rule 19(1) EPC

returned by the postal services.

The communication issued pursuant to Rule 19(3) EPC, sent to the inventor designated below, has been
You are requested to indicate the correct address of the inventor (R. 19(1) EPC).

Inventor : MARINKOVIC, Milos

4700 East Riverside Drive Apt. 1121
US / San Antonio, TX 78741

Receiving Section
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Patentamt 80298 MUNICH
0’ European GERMANY

Patent Office
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AR 0T

MARINKOVIC, Milos

4700 East Riverside Drive Apt. 1121
San Antonio, TX 78741
ETATS-UNIS D'AMERIQUE

Questions about this communication ?
Contact Customer Services at www.epo.org/contact

Date
13.02.15

[ Feference - Application No /Patent No.
137349122 - 1359

Applicant/Proprietor
Molecular Rebar Design LLC

Notification of the data mentioned in Rule 19(3) EPC

In the above-identified patent application you are designated as inventor/co-inventor.
Pursuant to Rule 19(3) EPC the following data are notified herewith:

DATE OF FILING :21.06.13

PRIORITY :US/21.06.12/ USP201261662393
1 US/22.06.12/ USP201261663513

TITLE : BINDERS, ELECTROLYTES AND SEPARATOR FILMS FOR
ENERGY STORAGE AND COLLECTION DEVICES USING
DISCRETE CARBON NANOTUBES

DESIGNATED STATES : AL AT BE BG CH CY CZ DE DK EE ES FI FR GB GR HR HU |[E

IS IT LILT LU LV MC MK MT NL NO PL PT RO RS SE SI 8K 8M
TR
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European Patent Office
g 80295 MUNICH
European GERMANY
Patent Office

Office européen
des brevets

Questions about this communication ?
Contact Customer Services at www.epo.orgfcontact

TR R T

Jansen, Cornelis Marinus

Johan de Wittlaan 7
2517 JR Den Haag

PAYS-BAS
Date
03.03.15
Reference Application No./Patent No.
P103060EP0Q0 13734912.2 - 1359
Applicant/Proprietor
Molecular Rebar Design LLC

Communication pursuant to Rules 161(1) and 162 EPC
1. Comments on the written opinion and amendment of the application (R. 161(1) EPC)
The above-mentioned international (Euro-PCT) application has entered the European phase.

The EPO as International Searching Authority and, where a demand under Article 31 PCT was filed, also
as International Preliminary Examining Authority has drawn up a written opinion on this application or the
EPO as Supplementary International Searching Authority has issued explanations pursuant to Rule
45bis.7(e) PCT to the supplementary international search report.

In accordance with Rule 161(1) EPC, you may comment on the written opinion or on the explanations to
the supplementary international search report within a non-extendable period of six months after
notification of the present communication.

Under Articles 28, 41 PCT and Rules 52, 78 PCT the application may be amended before a desighated or
elected Office, and in accordance with Rule 137(2) EPC the applicant may amend the description, claims
and drawings of his own volition together with any comments, corrections or amendments made in
response to the communication under Rule 161(1) EPC.

Whether or not you have already done so, you now have a further opportunity to file amended claims or
other application documents within the above-mentioned period.

Please note that under Rule 137(2) and (3) EPC as in force from 1 April 2010, you may amend the
description, claims and drawings of your own volition in response to this communication, if the
international search report has been drawn up on or after 1 April 2010 or the EPO has issued a
supplementary international search report. In these cases no further amendments may be made
without the consent of the Examining Division. This may be in particular relevant if you have
already filed comments/amendments with respect to a written opinion of the International
Searching Authority or an international preliminary examination report, or to any explanations
pursuant to Rule 45bis.7(e) PCT to the supplementary international search report, which however
do not address the deficiencies noted therein and you choose not to react to the present
communication.

If filing amendments, you must identify them and indicate the basis for them in the application as filed.
Failure to meet either requirement may lead to a communication from the Examining Division requesting
that you correct this deficiency (R. 137(4) EPC).

The claims applicable on expiry of this period, i.e. those filed on entry into the European phase or in
response to the present communication, will form the basis for the calculation of any claims fee to be paid
(see p. 2).

Registered letter -2

EPO Form 1226BB  07.14 (NFS) EUCL (23/02/15)
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2. Claims fees under Rule 162 EPC

If the application documents on which the European grant procedure is to be based comprise more than

fifteen claims, a claims fee shall be payable for the sixteenth and each subsequent claim within the period
provided for in Rule 159(1) EPC.

B Based on the application documents currently on file, all necessary claims fees have already been
paid (or the documents do not comprise more than 15 claims).

[0 Al necessary fees will be debited automatically according to the automatic debit order.

O The claims fees due for the claims ............ to ............ were not paid within the above-mentioned
period.

Any outstanding claims fee, either based on the current set of claims or on any amended claims to be filed

pursuant to Rule 161 EPC (see page 1), may still be validly paid within a non-exiendable period of six
months after notification of this communication (R. 162(2) EPC).

If a payment is made for only some of the claims, you must indicate for which claims it is intended. If a
claims fee is not paid in due time, the claim concerned is deemed to be abandoned (R. 162(4) EPC).

If claims fees have already been paid, but on expiry of the above-mentioned period there is a new set of
claims containing fewer fee-incurring claims than before, the claims fees in excess of those due under
Rule 162(2), second sentence EPC will be refunded (R. 162(3) EPC).

The claims fee is currently

EUR 235 for the 16th and each subsequent claim up to the limit of 50
EUR 580 for the 51st and each subsequent claim

Note to users of the automatic debiting procedure
Unless the EPO receives prior instructions to the contrary, the fees for all claims incurring fees will be
debited on the last day of the period for payment. For further details see the Arrangements for the

automatic debiting procedure, Annex A.1 to the ADA, Point 6.1(d), Supplementary publication 4 - OJ EPO
2014,

Important information concerning fee amounts

Following any amendment to the Rules relating to Fees, the amount(s) mentioned in this communication
may be different from the amount(s) actually due on the date of payment. The latest version of the
Schedule of fees and expenses, published as a Supplement to the Official Journal of the EPO, is also
available on the EPO website (www.epo.org) and can be found under www.epo.org/schedule-of-fees,
which allows the viewing, downloading and searching for individual fee amounts, both current and
previous.

Please note that procedural fees are usually adjusted every two years, on even years, with effect from 1
April.

Payments by cheque delivered or sent direct to the EPO are no longer accepted as from 1 April 2008 (see
OJ EPO 2007, 626).

For the Examining Division
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E
Patentamt 80298 MUNICH
0) Yiropeas GERMANY
Patent Office
Office européen

des brevets

Questions about this communication ?
Contact Customer Services at www.epo.orgfcontact
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SWOGGER, Kurt W.

4211 Waters Edge Cove
Austin, TX 78731
ETATS-UNIS D'AMERIQUE

Date
13.02.15

Reference

Application No./Patent No.
13734912.2 - 1359

Applicant/Proprietor

Molecular Rebar Design LLC

Notification of the data mentioned in Rule 19(3) EPC

In the above-identified patent application you are designated as inventor/co-inventor.
Pursuant to Rule 19(3) EPC the following data are notified herewith:

DATE OF FILING :21.06.13

PRICRITY 1 US/21.06.12/ USP201261662393
1 US/22.06.12/ USP201261663513

TITLE : BINDERS, ELECTROLYTES AND SEPARATOR FILMS FOR

ENERGY STORAGE AND COLLECTION DEVICES USING
DISCRETE CARBON NANOTUBES
DESIGNATED STATES :ALATBEBGCHCY CZDEDKEE ES FI FR GB GRHR HU IE

ISITLILT LU LV MC MK MT NL NO PL PT RO RS SE SI SK SM
TR
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Questions about this communication ?
Contact Customer Services at www.epo.orgfcontact
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BOSNYAK, Clive P.
12001 Settlers Trail
Dripping Springs, TX 78620
ETATS-UNIS D'AMERIQUE

Date
13.02.15

Reference

Application No./Patent No.
13734912.2 - 1359

Applicant/Proprietor

Molecular Rebar Design LLC

Notification of the data mentioned in Rule 19(3) EPC

In the above-identified patent application you are designated as inventor/co-inventor.
Pursuant to Rule 19(3) EPC the following data are notified herewith:

DATE OF FILING :21.06.13

PRICRITY 1 US/21.06.12/ USP201261662393
1 US/22.06.12/ USP201261663513

TITLE : BINDERS, ELECTROLYTES AND SEPARATOR FILMS FOR

ENERGY STORAGE AND COLLECTION DEVICES USING
DISCRETE CARBON NANOTUBES
DESIGNATED STATES :ALATBEBGCHCY CZDEDKEE ES FI FR GB GRHR HU IE

ISITLILT LU LV MC MK MT NL NO PL PT RO RS SE SI SK SM
TR
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E
Patentamt 80298 MUNICH
0) Yiropeas GERMANY
Patent Office
Office européen

des brevets

Questions about this communication ?
Contact Customer Services at www.epo.orgfcontact

MARINKOVIC, Milos

4700 East Riverside Drive Apt. 1121
San Antonio, TX 78741
ETATS-UNIS D'AMERIQUE

Date
13.02.15

Reference

Application No./Patent No.
13734912.2 - 1359

Applicant/Proprietor

Molecular Rebar Design LLC

Notification of the data mentioned in Rule 19(3) EPC

In the above-identified patent application you are designated as inventor/co-inventor.
Pursuant to Rule 19(3) EPC the following data are notified herewith:

DATE OF FILING :21.06.13

PRICRITY 1 US/21.06.12/ USP201261662393
1 US/22.06.12/ USP201261663513

TITLE : BINDERS, ELECTROLYTES AND SEPARATOR FILMS FOR

ENERGY STORAGE AND COLLECTION DEVICES USING
DISCRETE CARBON NANOTUBES
DESIGNATED STATES :ALATBEBGCHCY CZDEDKEE ES FI FR GB GRHR HU IE

ISITLILT LU LV MC MK MT NL NO PL PT RO RS SE SI SK SM
TR
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Europiisches
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European
Patent Office
Office européen

des brevets

Acknowledgement of receipt

We hereby acknowledge receipt of the form for entry into the European phase (EPO as designated or elected Office) as follows:

Submission number

PCT application number

EP application number

Date of receipt

Receiving Office

Your reference

Applicant

Country

Documents submitted

Submitted by

Method of submission

Date and time
receipt generated

Message Digest

3258089

PCT/US2013/047029

137349122

20 January 2015

European Patent Office, The Hague

P103060EP00

package-data.xmil

application-body.xml

AMSPECEPO-1.pdf\P103060EP00
Claims to be filed 2182792.pdf (3 p.)

ep-euro-pct.xml

epf1200.pdf (5 p.)

CN=Masja Kemper 37695

Online

20 January 2015, 16:09 (CET)

15:25:9F .FB:0A:00:AC:F5:23:4B:32:94:98:F5:A9:90:4C:68:86:TA

Correction by the EPO of errors in debit instructions filed by eOLF
Errors in debit instructions filed by eOLF that are caused by the editing of Form 1038E entries or the continued use of ocutdated
software (all forms) may be corrected automatically by the EPO, leaving the payment date unchanged (see decision T 152/82,

Acknowledgement of receipt - application number PCT/US2013/047029 Page 1 of 2
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0J EPO 1984, 301 and point 6.3 ff ADA, Supplement to OJ EPO 10/2007).

/European Patent Office/

Acknowledgement of receipt - application number PCT/US2013/047029 Page 2 of 2
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Claims

1. A composition for use as a binder material, an electrolyte material or a
separator film material of an energy storage or collection device, comprising:

a plurality of discrete carbon nanotube fibers, said fibers having an aspect ratio
of from about 10 to about 500, and wherein at least a portion of the discrete
carbon nanotube fibers are open ended, wherein the portion of open ended

carbon nanotube fibers comprise electrolyte.

o The composition of claim 1, wherein the electrolyte comprises a polymer
or a liquid.
3. The composition of any one of the preceding claims, wherein the carbon

nanotube fibers have a unimodal, bimodal, or multimodal distribution of
diameters and/or lengths.

4, The composition of claim 3, wherein 40% to 90% by number of the
discrete carbon nanotubes have an aspect ratio of 30-70.

5. The composition of claim 3 or claim 4, wherein from 1% to 30% by
number of carbon nanotubes have an average aspect ratio 80-140.

6. The composition of claim 1, wherein the portion of discrete carbon
nanotubes that are open ended are ion conducting.

T The composition of claim 6, further comprising additional inorganic
structures comprising elements of the groups two through fourteen of the
Periodic Table of Elements.

8. The binder composition of claim 6 further comprising non-fiber carbon
structures selected from the group consisting of carbon black, graphite,
graphene, oxidized graphene, fullerenes, and mixtures thereof,

9. The composition of claim 8, further comprising at least a portion of
discrete carbon nanotubes interspersed between graphene and/or oxidized
graphene plates.

10.  The composition of claim 1, wherein the carbon nanotubes are oriented.
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11.  The composition of claim 10, wherein the orientation is accomplished in
a sheet, micro-layer, micro-layer with vertical film orientation, film, molding,
extrusion, or fiber spinning fabrication method.

12.  The composition of claim 10 or claim 11, wherein orientation includes
post fabrication methods, such as tentering, uniaxial orientation, biaxial
orientation and thermoforming.

13.  The composition of claim 1, further comprising at least one polymer.
14.  The composition of claim 13, wherein the polymer is selected from the
group consisting of vinyl polymers, poly(styrene-butadiene), partially or fully
hydrogenated poly(styrene butadiene) containing copolymers, functionalized
poly(styrene butadiene) copolymers such as carboxylated poly(styrene
butadiene), poly(styrene-isoprene), poly(methacrylic acid),
poly(methylmethacrylate), poly(acrylic acid), poly(vinylalcohols),
poly(vinylacetates), fluorinated polymers, polyvinylpyrrolidone, conductive
polymers, polymers derived from natural sources, polyethers, polyesters,
polyurethanes, and polyamides; homopolymers, graft, block or random co- or
ter-polymers, and mixtures thereof.

15.  The composition of claim 1, wherein the carbon nanotubes are further
functionalized.

16.  The composition of claim 1, further comprising at least one dispersion
aid.

17.  The composition of claim 1, being a binder material having an
impedance of less than or equal to about one billion ohm-m.

18.  The composition of claim 1, being a electrolyte material or separator film
having a charge transfer resistance of less than or equal to about 10 million
ohm-m.

19.  The composition of claim 1, being an electrode paste for a lead-acid
battery comprising:

discrete carbon nanotubes having an average length from about 400 to about

1400 nm; and
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Europdisches
Patentamt

into the European phase

Eurcpean
Patent Office

.0.) Office européen (EEnlgré

To the European Patent Office

as designated or elected Office)

European application number EP13734912.2

PCT application number PCT/US2013/047029
PCT publication number W02013192513
Applicant's or representative's reference P103060EPOO
International Filing Date 21.06.2013
International Searching Authority (ISA) EP

International Preliminary Examining Authority (IPEA) ER

1. Applicant
Indications concerning the applicant(s) are contained in the international
publication or were recorded by the International Bureau after the international
publication.
Changes which have not yet been recorded by the International Bureau are set
out here:

B
]

. Representative
Representative 1

This is the representative who will be listed in the European Patent Register and
to whom notifications will be sent.

Name:
Company:

Address of place of business:

Telephone:
Fax:

E-mail:

JANSEN, Ir. C.M.
V.0.

Johan de Wittlaan 7
2517 JR Den Haag,
Netherlands
+3170 4166711
+3170 4166799

patent@vo.eu

3. Authorisation
Representative 1
An individual authorisation is attached.

A general authorisation has been registered under No:
A general authorisation has been filed, but not yet registered.

The authorisation filed with the EPO as PCT receiving Office expressly includes
the European phase.

. Request for examination

Examination of the application under Art. 94 EPC is hereby requested. The
examination fee is being (has been, will be) paid.

Request for examination in an admissible non-EPO language:

The applicant waives his right to be asked under Rule 70(2) EPC whether he
wishes to proceed further with the application.

The/Each applicant hereby declares that he is an entity or a patural person under
Rule 6{4) EPC.

. Copies
Additional copies of the documents cited in the supplementary European search
report are requested.

Number of additional sets of copies

O 000X [ Ododd

. Documents intended for proceedings before the EPO
Number of claims on entry into the European phase:

6.1 Proceedings before the EPO as designated Office (PCT 1) are to be based on
the following documents:

the application documents published by the International Bureau (with all claims,

P103060EP00
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description and drawings), where applicable with amended claims under Art. 19
PCT

unless replaced by the amendments attached.

Where necessary, clarifications should be attached as 'Other decuments’

6.2 Proceedings before the EPO as elected Office (PCT 1l) are to be based on the
following documents:

the documents on which the international preliminary examination report is based,
including any annexes

unless replaced by the amendments attached.

Where necessary, clarifications should be attached as ‘Other documents’

If the EPO as International Preliminary Examining Authority has been supplied

with test reports, these may be used as the basis of proceedings before the EPO.
6.3 A copy of the results of the search carried out by the authority with which the
previous application(s) whose priority is claimed was (were) filed is attached (R.
141(1) EPC).
6.4 The applicant waives his right to the communication under Rules 161(1) or (2)
and 162 EPC.

[]

X O

7. Translations
Translations in one of the official languages of the EPO (English, French, German)
are attached as crossed below:
* In proceedings before the EPO as designated or elected Office (PCT | + Ii):
Translation of the international application (description, claims, any text in the

drawings) as originally filed, of the abstract as published and of any indication
under Rule 13bis.3 and 13bis.4 PCT regarding biological material

Translation of the priority application(s) (to be filed only at the EPO's request,
Rule 53(3) EPC)

Itis hereby declared that the international application as originally filed is a
complete translation of the previous application (Rule 53(3) EPC)

* [n addition, in proceedings before the EPO as designated Office (PCT /)
Translation of amended claims and any statement under Art. 19 PCT, if the
claims as amended are to form the basis for the proceedings before the EPO
(see Section 6).

* In addition, in proceedings before the EFO as elected Office (PCT /):
Translation of annexes to the international preliminary examination report

O b d o/ gdiX

[]

8. Biological material

The invention uses and/or relates to biological material deposited under Rule 31
EPC.

The particulars referred to in Rule 31(1)(c) EPC (if not yet known, the depositary
institution and the identification reference(s)) [number, symbols, etc.] of the
depositor) are given in the international publication or in the translation submitted
in Section 7 on:

page(s) / line(s)
The receipt(s) of deposit issued by the depositary institution
is (are) enclosed.

will be filed later.

Waiver of the right to an undertaking from the requester pursuant to Rule 33(2)
EPC attached.

0O

9. Nucleotide and amino acid sequences
The international application discloses nucleotide and/or amino acid sequences.

9.1 The sequence listing was filed under Rule 5.2(a) PCT, or furnished to the
EPO as ISA under Rule 13ter.1(a) PCT, or is otherwise available to the EPO, in
computer-readable format in accordance with WIPO ST.25.

9.2

The sequence listing is attached in computer-readable format in accordance with
WIPO Standard ST.25

The sequence listing is attached in PDF format.

The sequence listing does not include matter which goes beyond the content of

P103060EP00
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the application as filed.

10. Designation of contracting states
All the contracting states party to the EPC at the time of filing of the international

patent application and designated in the international application are deemed to
be designated (see Article 79(1) EPC).

11. Extension/Validation

This application is deemed to be a request to extend the effects of the European
patent application and the European patent granted in respect of it to all
non-contracting states to the EPC designated in the international application with
which extension or validation agreements were in force on the date on which the
application was filed. However, the request is deemed withdrawn if the extension
fee or the validation fee, whichever is applicable, is not paid within the prescribed
time limit.

11.1 It is intended to pay the extension fee(s) for the following state(s):

11.2 It is intended to pay the validation fee(s) for the following state(s):
Not applicable

Note: Under the automatic debiting procedure, extension and/or validation fees
will be debited only for states indicated here unless the EPO is instructed
otherwise before expiry of the period for payment.

12. List of enclosed documents

Description of document Original file name

Assigned file name

P103060EPO0 Claims to be filed
2182792 pdf

1 |Combined Amendments

AMSPECEPO-1.pdf

13. Mode of payment: Debit from deposit account
Currency

The European Patent Office is hereby authorised, to debit from the deposit
account with the EPO any fees and costs indicated on the fees page.

Deposit account number

Account holder

X
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Int. pat. appln. no. PCT/US2013/047029
Our letter of August 20, 2014 EPQ - DG 2
22. 08, 2014
Claims
1. A composition for use as a binder material, an electrolyte material or a
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separator film material of an energy storage or collection device, comprising:

a plurality of discrete carbon nanotube fibers, said fibers having an aspect ratio
of from about 10 to about 500, and wherein at least a portion of the discrete
carbon nanotube fibers are open ended, wherein the portion of open ended

carbon nanotube fibers comprise electrolyte.

2. The composition of claim 1, wherein the electrolyte comprises a polymer
or a liquid.
3. The composition of any one of the preceding claims, wherein the carbon

nanotube fibers have a unimodal, bimodal, or multimodal distribution of
diameters and/or lengths.

4, The composition of claim 3, wherein 40% to 90% by number of the
discrete carbon nanotubes have an aspect ratio of 30-70.

5. The composition of claim 3 or claim 4, wherein from 1% to 30% by
number of carbon nanotubes have an average aspect ratio 80-140.

6. The composition of claim 1, wherein the portion of discrete carbon
nanotubes that are open ended are ion conducting.

7. The composition of claim 6, further comprising additional inorganic
structures comprising elements of the groups two through fourteen of the
Periodic Table of Elements.

8. The binder composition of claim 6 further comprising non-fiber carbon
structures selected from the group consisting of carbon black, graphite,
graphene, oxidized graphene, fullerenes, and mixtures thereof.

9. The composition of claim 8, further comprising at least a portion of
discrete carbon nanotubes interspersed between graphene and/or oxidized
graphene plates.

10. The composition of claim 1, wherein the carbon nanotubes are oriented.
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11. The composition of claim 1.0, wherein the orientation is accomplished in
a sheet, micro-layer, micro-layer with vertical film orientation, film, molding,
extrusion, or fiber spinning fabrication method.

12.  The composition of claim 10 or claim 11, wherein orientation includes
post fabrication methods, such as tentering, uniaxial orientation, biaxial
orientation and thermoforming.

13. The composition of claim 1, further comprising at least one polymer.
14. The composition of claim 13, wherein the polymer is selected from the
group consisting of vinyl polymers, poly(styrene-butadiene), partially or fully
hydrogenated poly(styrene butadiene) containing copolymers, functionalized
poly(styrene butadiene) copolymers such as carboxylated poly(styrene
butadiene), poly(styrene-isoprene), poly(methacrylic acid),
poly(methylmethacrylate), poly(acrylic acid), poly(vinylalcohols),
poly(vinylacetates), fluorinated polymers, polyvinylpyrrolidone, conductive
polymers, polymers derived from natural sources, polyethers, polyesters,
polyurethanes, and polyamides; homopolymers, graft, block or random co- or
ter-polymers, and mixtures thereof.

15. The composition of claim 1, wherein the carbon nanotubes are further
functionalized.

16. The composition of claim 1, further comprising at least one dispersion
aid.

17. The composition of claim 1, being a binder material having an
impedance of less than or equal to about one billion ochm-m.

18. The composition of claim 1, being a electrolyte material or separator film
having a charge transfer resistance of less than or equal to about 10 million
ohm-m.

19. The composition of claim 1, being an electrode paste for a lead-acid
battery comprising:

discrete carbon nanotubes having an average length from about 400 to about

1400 nm; and
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polyvinyl alcohol.
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PATENT COOPERATION TREATY

PCT

INTERNATIONAL PRELIMINARY REPORT ON PATENTABILITY
(Chapter |l of the Patent Cooperation Treaty)

(PCT Article 36 and Rule 70)

Applicant’s or agent's file reference

P103060PC00 FOR FURTHER ACTION See Form PCTIPEA416
International appl-ication No. International filing date (day/monthiear) I Priority date {day/monthiear)
PCTAS2013/047029 21.06.2013 21.06.2012

International Patent Classification (IPC) or national classification and IPC .

INV. HO1M2A1 6

Applicant

Molecular Rebar Design, LLC

1.  This report is the international preliminary examination report, established by this International Preliminary Examining
Authority under Article 35 and transmitted to the applicant according to Article 36.

2. This REPORT consists of a total of 5 sheets, including this cover sheet.

3.  This report is also accompanied by ANNEXES, comprising:
a. [ (sent to the applicant and to the International Bureau) a total of 4 sheets, as follows:

] sheets of the description, claims and/or drawings which have been amended and/or sheets containing
rectifications authorized by this Authority, unless those sheets were superseded or cancelled, and any
accompanying letters (see Rules 46.5, 66.8, 70.16, 91.2, and Section 607 of the Administrative
Instructions).

[J sheets containing rectifications, where the decision was made by this Authority not to take them into account
because they were not authorized by or notified to this Authority at the time when this Authority began to
draw up this report, and any accompanying letters (Rules 66.4bis, 70.2(e), 70.16 and 91.2).

L] superseded sheets and any accompanying letters, where this Authority either considers that the
superseding sheets contain an amendment that goes beyond the disclosure in the international application
as filed, or the superseding sheets were not accompanied by a letter indicating the basis for the
amendments in the application as filed, as indicated in item 4 of Box No. | and the Supplemental Box (see
Rule 70.16(b)).

b. O (sent lo the International Bureau only) a total of (indicate type and number of electronic carrier(s)) , containing a
sequence listing, in electronic form only, as indicated in the Supplemental Box Relating to Sequence Listing (see
paragraph 3bis of Annex C of the Administrative Instructions).

4.  This report contains indications relating to the following items:

& Box No. | Basis of the report
[0 Box No. Il Priority
[J Box No. Il Non-establishment of opinion with regard to novelty, inventive step and industrial applicability
[0 Box No. IV Lack of unity of invention
[d Box No.V  Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial
applicability; citations and explanations supporting such statement
[J Box No. VI  Certain documents cited
[0 Box No. VIl Certain defects in the international application
[J Box No. VIl Certain observations on the international application
Date of submission of the demand Date of completion of this report
17.04.2014 11.09.2014
Nan:le_and mailing ._:-tddress of_ the international Authorized officer .
preliminary examining authority: f@e" "‘v‘p
——  European Patent Office P.B. 5818 Patentlaan 2 o %
@ NL-2280 HV Rijswijk - Pays Bas Crottaz, Olivier H ‘:0)) 3
Tel. +31 70 340 - 2040 % £
— == Fax:+31 70340 - 3016 Telephone No. +31 70 340-8994 ot
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INTERNATIONAL PRELIMINARY REPORT International application No.
ON PATENTABILITY PCT/JS2013047029

Box No.| Basis of the report

1. With regard to the language, this report is based on
& the international application in the language in which it was filed

O atranslation of the international application into , which is the language
of a translation furnished for the purposes of:

[ international search (under Rules 12.3(a) and 23.1(b))
O publication of the international application (under Rule 12.4(a))
[J international preliminary examination (under Rules 55.2(a) and/or 55.3(a) and (b})

2. With regard to the elements” of the international application, this report is based on (replacement sheets which
have been furnished to the receiving Office in response to an invitation under Article 14 are referred to in this
report as "originally filed" and are not annexed o this report):

Description, Pages
1-28 as originally filed

Claims, Numbers
1-19 filed with the letter of 20-08-2014

Drawings, Sheets
11 as originally filed

LJ asequence listing - see Supplemental Box Relating to Sequence Listing.

3. O The amendments have resulted in the cancellation of:
[ the description, pages
O the claims, Nos.
O the drawings, sheetsfigs
O the sequence listing (specify):
L1 any table(s) related to sequence listing (specify):

4. 0 This report has been established as if (some of) the amendments annexed to this report and listed below
had not been made, since either they are considered to go beyond the disclosure as filed, or they were not
accompanied by a letter indicating the basis for the amendments in the application as filed, as indicated in the
Supplemental Box (Rules 70.2(c) and (c-bis)):

O the description, pages

O the claims, Nos.

O the drawings, sheetsfigs

[ the sequence listing (specify):

5. O This report has been established:

U taking into account the rectification of an obvious mistake authorized by or notified to this Authority
under Rule 91 (Rules 66.1(d-bis) and 70.2(e)).

O without taking into account the rectification of an obvious mistake authorized by or notified to this
Authority under Rule 81(Rules 66.4bis and 70.2(e)).
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6. B With regard to top-up searches (Rules 66.1 ter and 70.2(f)):

B A top-up search was carried out by this Authority on 29.08.2014 (all discovered documents are
listed in the Supplemental Box Relating to Top-up Search).

O No top-up search was carried out by this Authority.

7. O Supplementary international search report(s) from Authority(ies) has/have been received and taken into
account in establishing this report (Rule 45bis.8(b) and (c)).

Box No.V  Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial
applicability; citations and explanations supporting such statement

1. Statement

Novelty (N) Yes: Claims 1-19
No: Claims

Inventive step (IS) Yes: Claims 1-19
No: Claims

Industrial applicability (I1A) Yes: Claims 1-19
No: Claims

2. Citations and explanations (Rule 70.7):

see separate sheet
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Re ltem V

Reasoned statement with regard to novelty, inventive step or industrial
applicability; citations and explanations supporting such statement

21

Reference is made to the following document:

D1 WO 2011/163129 A2 (DESIGNED NANOTUBES LLC [US];
BOSNYAK CLIVE P [US]; SWOGGER KURT W [US]) 29
December 2011 (2011-12-29)

Novelty (Art. 33(1,2) PCT) and Inventive step (Art. 33(1,3) PCT

D1 is regarded as being the prior art closest to the subject-matter of claim 1,
and discloses (the references in parentheses applying to this document) a
composition suitable for use as a binder material, an electrolyte material or a
separator film material of an energy storage or collection device, comprising:
a plurality of discrete carbon nanotube fibers, said fibers having an aspect
ratio of from about 10 to about 500 (cf. [7] and [64]), and wherein at least a
portion of the discrete carbon nanotube fibers are open ended (cf. [8]).

The subject-matter of claim 1 therefore differs from this known composition in
that the portions of open ended carbon nanotubes fibers comprise electrolyte.

The subject-matter of claim 1 is therefore new (Article 33(2) PCT).

The technical effect of this difference is to allow an higher uptake of
electrolyte, which enables improved ion transport.

The problem to be solved by the present invention may be regarded as to
provide a composition allowing the production of binder, electrolyte or
separator having improved performance.

The solution to this problem proposed in claim 1 of the present application is
considered as involving an inventive step (Article 33(3) PCT) because none of
the available prior art suggest that modifying the composition of D1 by

Form PCT/Separate Sheet/40% (Sheet 1) (EPO-April 2005)

79



INTERNATIONAL PRELIMINARY International application No.
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(SEPARATE SHEET) PCT/US2013/047029

providing the portions of open ended carbon nanotubes fibers with electrolyte
will allow to provide binder, electrolyte or separator having improved
performance and this is not common knowledge.

2.2 Claims 2-19 are dependent on claim 1 and as such also meet the
requirements of the PCT with respect to novelty and inventive step.

Form PCT/Separate Sheet/40% (Sheet 2) (EPO-April 2005)
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Confirmation Copy

By facsimile

European Patent Office
D-80298 Munich
Germany

Your ref. PCT/US2013/047029
Our ref. MAS/P103060PC00

~,.VO.

Patents & Trademarks

EPO -DG 2
21 08. 201

Vereenigde Octrooibureaux N.V. -
Johan de Wittlaan 7

P.O. Box 87930
2508 DH The Hague
The Netherlands

Telephone +31 70 416 67 11
Telefax +31 70 416 67 99

H.Marsman@vo.eu
WWW.vo.eu

The Hague,
August 20, 2014

Re: International Patent Application No. PCT/US2013/047029

Molecular Rebar Design, LLC

In response to your written opinion dated July 9, 2014, I enclose a set of amended

claims.

In this set of claims, pending claim 20 is deleted.

It is requested that the IPRP is based on the attached set of claims, which does not

seem to have any formal or material objections.

Should you — unexpectedly — have some formal or material objections to the attached

19 claims, it is requested that you contact me so that we can deal with these objections

in a telephonic interview.

The professional rgpresentative,

Encl.: amended claims
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European Patent Office
g 80295 MUNICH
European GERMANY
Patent Office

Office européen
des brevets

Questions about this communication ?
Contact Customer Services at www.epo.orgfcontact

TR R T

DUNSTAN, Amy, Ulfers
Jackson Walker L.L.P.

901 Main Street, Suite 6000
Dallas, TX 75202
ETATS-UNIS D'AMERIQUE

Date
31.10.14

Reference Application No./Patent No.
13734912.2 - 1359 PCT/US2013047029

Applicant/Proprietor
Molecular Rebar Design LLC

Entry into the European phase before the European Patent Office

The following information describes the procedural steps required for entry into the European phase
before the European Patent Office (EPO). You are advised to read it carefully because failure to take the

necessary action in due time can lead to a loss of rights.

1. The above mentioned international patent application has been given the European application
No. 13734912.2.

. Applicants without a residence or their principal place of business in an EPC Contracting State
may themselves initiate European processing of their international applications, provided they do so
before expiry of the 31st month from the priority date.

During the European phase before the EPO as designated or elected Office, however, such applicants
must be represented by a professional representative (Art. 133(2) and Art. 134(1) and (8) EPC).

Where, at the expiry of the time period laid down in Rule 163(5) EPC, the requirements of Article
133(2) EPC have not been complied with, the European patent application will be refused, pursuant to
Rule 163(6) EPC.

Please note that a professional representative authorised to act before the EPO and who acted for the
applicant during the international phase does not automatically become the representative for the
European phase. Applicants are therefore strongly advised to appoint in good time any representative
they wish to initiate the European phase for them; otherwise the EPO has to send all communications
directly to the applicant.

. Applicants with a residence or their principal place of business in an EPC Contracting State are
not obliged to appoint for the European phase a professional representative authorised to act before
the EPO. However, in view of the complexity of the procedure it is recommended that they do so.

. Applicants and professional representatives are also strongly advised to initiate the European phase
using EPO Form 1200. It is available free of charge from the EPO or via the EPO website at
www.epo.org. Similarly, it can be or generated with the Online Filing software, obtainable free of
charge from the EPO (www.epoline.org) The use of the form is not compulsory.
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5. Where the EPO acts as designated or elected Office (Art. 22(1) and (3) and 39(1) PCT), to enter the
European phase before the EPO, the following acts must be performed by the applicant within
31 months from the date of filing of the international application or (where applicable) the earliest
priority date:

a) Supply a translation of the international application into an EPOQ official language, if the
International Bureau did not publish the application in such language (Art. 22(1) PCT and
R. 159(1)(a) EPC),;

b) Specify the application documents, as originally filed or as amended, on which the European
grant procedure is to be based (R. 159(1)(b) EPC);

¢) Pay the filing fee and, where applicable, the additional fee for a European patent application
comprising more than 35 pages (R. 159(1)(c) EPC, Art. 2, items 1, 1a Rules relating to Fees);

d) Pay the search fee where a supplementary European search report has to be drawn up
(R. 159(1)(e) EPC);

e) Pay the designation fee if the time limit laid down in Rule 39(1) EPC (i.e. six months after
publication of the international search report) has expired before the 31-month period pursuant
to Rule 159(1) EPC (R. 159(1)(d) EPC);

f)  File the written request for examination and pay the examination fee if the time limit laid down
in Rule 70(1) EPGC has expired before the 31-month period pursuant to Rule 159(1) EPC
(R. 159(1)(f) EPC);

g) Pay the renewal fee in respect of the third year, if the fee has fallen due (see Rule 51(1) EPC)
before expiry of the 31-month period pursuant to Rule 159(1) EPC (R. 159(1)(g) EPC);

h)  File, where applicable, the certificate of exhibition referred to in Article 55(2) and Rule 25 EPC
(R. 159(1)(h) EPC);

i)  Pay the claims fees for the sixteenth and each subsequent claim when the application
documents on which the European grant procedure is to be based comprise more than fifteen
claims (R. 162(1) EPC). For applications entering the European phase on or after 1 April 2009,
a higher amount is payable for the 51st and each subsequent claim (Decision of the
Administrative Council of 14 December 2007 amending the Rules relating to Fees, OJ EPO
2008, 10).

If either the translation of the international application or the request for examination is not filed in time,
or if the filing fee, the additional fee, the search fee, the designation fee or the examination fee is not
paid in due time, the application shall be deemed to be withdrawn (R. 160(1) EPC).

6. Payment of fees

An up-to-date guidance for the payment of fees, expenses and prices and a list of the euro accounts of
the European Patent Organisation are published in each issue of the Official Journal of the EPO. The
guidance includes inter alia a reference to the latest version of the Schedule of fees and expenses
where the amounts of fees are set out.

The Schedule of fees and expenses, published as a Supplementary publication to the Official Journal
of the EPO, is also available on the EPO website (www.epo.org) and can be found under
www.epo.org/schedule-of-fees, which allows the viewing, downloading and searching for individual
fee amounts, both current and previous.

Applicants should always check the fee amounts applying at the time of payment.
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Payments can be validly made by any person. Permissible methods of payment are laid down in Article
5 Rules relating to Fees. Please note that payment cannot be made by cheque sent to the EPO.

For information on the calculation of the additional fee for applications comprising more than 35 pages,
see Nofice from the European Patent Office dated 26 January 2009 concerning the 2009 fee structure
(OJ EPO 2009, 118), Notice supplementing the notice from the European Patent Office dated 26
January 2009 concerning the 2009 fee structure (OJ EPO 2009, 338) and Guidelines for Examination
in the EPO, April 2010, A-ll, 13.2.

For an overview of search and examination fees, see Notice from the European Patent Office dated 10
February 2014 (OJ EPO 2014, A31). Fee information is also published on the EPO website under
www.epo.org/fees.

7. Restoration of priority right

Where the international application contains a priority claim to an earlier application and it has been
filed within two months from the expiration of the 12-month priority period, a request for restoration
before the EPO as designated Office (R. 49fer.2 PCT) applies under the following circumstances:

a) No request for restoration filed before the receiving Office (RO) during the international phase
(R. 26bis.3 PCT)

b) Negative decision by the RO irrespective of the criterion applied (due care/ unintentionality)

¢) Positive decision by the RO based on the unintentionality criterion.

For a request to be admissible, it must be filed and the requisite fee must be paid (R. 49fer.2(b)(iii) and
R. 49ter.2(d) PCT) within one month from the applicable time limit under Article 22 PCT for entering the
regional phase (R. 48fer.2(b)(i) PCT). The request for restoration also needs to state the reasons for
the failure to file the international application within the pricrity period (Rule 49ter.2(b)(ii) PCT).

8. If the applicant had appointed a representative during the application's international phase, the present
Form will be sent to the representative, asking him to inform the applicant accordingly.
All subsequent communications will be sent to the applicant, or - if the EPO is informed of his
appointment in time - to the applicant's European representative.

9. For more details about time limits and procedural acts before the EPO as designated or elected Office,
see the EPO brochure "How to get an European patent”, Guide for applicants - Part 2, PCT procedure
before the EPO - "Euro-PCT" (EPO PCT Guide). This brochure, the list of professional representatives
before the EPO, Form 1200 and details of the latest fees are available on the Internet under
http://www.epo.org.

10. Programme for accelerated prosecution of European patent applications - "PACE"

Applicants wishing to accelerate proceedings before the EPO as designated or elected Office may
request accelerated search and/or examination under the PACE programme (Notice from the
European Patent Office dated 4 May 2010 concerning the programme for accelerated prosecution of
European patent applications - "PACE", OJ EPO 2010, 352). To be as effective as possible, this
should preferably be requested immediately on entry into the European phase.
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By facsimile

European Patent Office
D-80298 Munich
Germany

Your ref. PCT/US2013/047029
Our ref. MAS/P103060PC00

408REPLY’
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EPO = DG 2 Patents & Trademarks
22. 08. 201

GO

-Vereenigde Octrogibureaux N.V. -
Johan de Wittlaan 7

P.O. Box 87930

2508 DH The Hague

The Netherlands

Telephone +31 70 416 67 11
Telefax +31 70 416 67 99

H.Marsman@vo.eu
WWW.VO0.eu

The Hague,
August 20, 2014

Re: International Patent Application No. PCT/US2013/047029
Molecular Rebar Design, LLC

In response to your written opinion dated July 9, 2014, 1 enclose a set of amended

claims.

In this set of claims, pending claim 20 is deleted.

It is requested that the IPRP is based on the attached set of claims, which does not

seem to have any formal or material objections.

Should you — unexpectedly — have some formal or material objections to the attached

10 19 claims, it is requested that you contact me so that we can deal with these objections

in a telephonic interview.

an

Encl.: amended claims

EK

22-08-2014
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Int. pat. appln. no. PCT/US2013/047029 _
Our letter of August 20, 2014 : EP Q cad DG 2
22 08 2014
Claims
1. A composition for use as a binder material, an electrolyte material or a

10
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separator film material of an energy storage or collection device, comprising:

a plurality of discrete carbon nanotube fibers, said fibers having an aspect ratio
of from about 10 to about 500, and wherein at least a portion of the discrete
carbon nanotube fibers are open ended, wherein the portion of open ended

carbon nanotube fibers comprise electrolyte.

2. The composition of claim 1, wherein the electrolyte comprises a polymer
or a liquid.
3. The composition of any one of the preceding claims, wherein the carbon

nanotube fibers have a unimodal, bimodal, or multimodal distribution of
diameters and/or lengths.

4. The composition of claim 3, wherein 40% to 90% by number of the
discrete carbon nanotubes have an aspect ratio of 30-70.

5, The composition of claim 3 or claim 4, wherein from 1% to 30% by
number of carbon nanotubes have an average aspect ratio 80-140.

6. The composition of claim 1, wherein the portioxi of discrete carbon
nanotubes that are open ended are ion conducting.

7. The composition of claim 6, further cdmprising additional inorganic -
structures comprising elements of the groups two through fourteen of the
Periodic Table of Elements.

- 8. The binder composition of claim 6 further comprising non-fiber carbon

structures selected from the group consisting of carbon black, graphite,
graphene, oxidized graphene, fullerenes, and mixtures thereof.

9. The composition of claim 8, further comprising at least a portion of
discrete carbon nanotubes interspersed between graphene and/or oxidized
graphene plates.

10. The composition of claim 1, wherein the carbon nanotubes are oriented.

AMENDED SHEET 22-08-2014
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Ill. The composition of claim 1I0, wherein the orientation is accomplished in
a sheet, micro-layer, micro-layer with vertical film orientation, film, molding,
extrusion, or fiber spinning fabrication method.
12. The composition of claim 10 or claim 11, wherein orientation includes
5 post fabrication methods, such as tentering, uniaxial orientation, biaxial
orientation and thermoforming.
13.  The composition of claim 1, further comprising at least one polymer.
14. The composition of claim 13, wherein the polymer is selected from the
group consisting of vinyl polymers, poly(styrene-butadiene), partially or fully
10 hydrogenated poly(styrene butadiene) containing copolymers, functionalized
poly(styrene butadiene) copolymers such as carboxylated poly(styrene
butadiene), poly(styrene-isoprene), poly(methacrylic acid),
poly(methylmethacrylate), poly(acrylic acid), poly(vinylalcohols),
poly(vinylacetates), fluorinated polymers, polyvinylpyrrolidone, conductive
15 polymers, polymers derived from natural sources, polyethers, polyesters,
polyurethane.s, and polyamides; homopolymers, graft, Block or random co- or
ter-polymers, and mixtures thereof.
15. The composition of claim 1, wherein the carbon nanotubes are further
functionalized.
20 16. The composition of claim 1, further comprising at least one dispersion
aid.
17.  The composition of claim 1, being a binder material having an
impedance of less than or equal to about one billion chm-m.
18.  The composition of claim 1, being a electrolyte material or separator film
25 having a charge transfer resistance of less than or equal to about 10 million
ohm-m.
19. The composition of claim 1, being an electrode paste for a lead-acid
battery cdmprising:
discrete carbon nanotubes having an average length from about 400 to about
30 1400 nm; and

S
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(PCT Article 36 and Rule 70)
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P103060PC00 FOR FURTHER ACTION See Form PCTIPEA416
International appl-ication No. International filing date (day/monthiear) I Priority date {day/monthiear)
PCTAS2013/047029 21.06.2013 21.06.2012

International Patent Classification (IPC) or national classification and IPC .
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Applicant

Molecular Rebar Design, LLC

1.  This report is the international preliminary examination report, established by this International Preliminary Examining
Authority under Article 35 and transmitted to the applicant according to Article 36.

2. This REPORT consists of a total of 5 sheets, including this cover sheet.

3.  This report is also accompanied by ANNEXES, comprising:
a. [ (sent to the applicant and to the International Bureau) a total of 4 sheets, as follows:

] sheets of the description, claims and/or drawings which have been amended and/or sheets containing
rectifications authorized by this Authority, unless those sheets were superseded or cancelled, and any
accompanying letters (see Rules 46.5, 66.8, 70.16, 91.2, and Section 607 of the Administrative
Instructions).
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draw up this report, and any accompanying letters (Rules 66.4bis, 70.2(e), 70.16 and 91.2).

L] superseded sheets and any accompanying letters, where this Authority either considers that the
superseding sheets contain an amendment that goes beyond the disclosure in the international application
as filed, or the superseding sheets were not accompanied by a letter indicating the basis for the
amendments in the application as filed, as indicated in item 4 of Box No. | and the Supplemental Box (see
Rule 70.16(b)).

b. O (sent lo the International Bureau only) a total of (indicate type and number of electronic carrier(s)) , containing a
sequence listing, in electronic form only, as indicated in the Supplemental Box Relating to Sequence Listing (see
paragraph 3bis of Annex C of the Administrative Instructions).

4.  This report contains indications relating to the following items:

& Box No. | Basis of the report
[0 Box No. Il Priority
[J Box No. Il Non-establishment of opinion with regard to novelty, inventive step and industrial applicability
[0 Box No. IV Lack of unity of invention
[d Box No.V  Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial
applicability; citations and explanations supporting such statement
[J Box No. VI  Certain documents cited
[0 Box No. VIl Certain defects in the international application
[J Box No. VIl Certain observations on the international application
Date of submission of the demand Date of completion of this report
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Nan:le_and mailing ._:-tddress of_ the international Authorized officer .
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——  European Patent Office P.B. 5818 Patentlaan 2 o %
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Re ltem V

Reasoned statement with regard to novelty, inventive step or industrial
applicability; citations and explanations supporting such statement

21

Reference is made to the following document:

D1 WO 2011/163129 A2 (DESIGNED NANOTUBES LLC [US];
BOSNYAK CLIVE P [US]; SWOGGER KURT W [US]) 29
December 2011 (2011-12-29)

Novelty (Art. 33(1,2) PCT) and Inventive step (Art. 33(1,3) PCT

D1 is regarded as being the prior art closest to the subject-matter of claim 1,
and discloses (the references in parentheses applying to this document) a
composition suitable for use as a binder material, an electrolyte material or a
separator film material of an energy storage or collection device, comprising:
a plurality of discrete carbon nanotube fibers, said fibers having an aspect
ratio of from about 10 to about 500 (cf. [7] and [64]), and wherein at least a
portion of the discrete carbon nanotube fibers are open ended (cf. [8]).

The subject-matter of claim 1 therefore differs from this known composition in
that the portions of open ended carbon nanotubes fibers comprise electrolyte.

The subject-matter of claim 1 is therefore new (Article 33(2) PCT).

The technical effect of this difference is to allow an higher uptake of
electrolyte, which enables improved ion transport.

The problem to be solved by the present invention may be regarded as to
provide a composition allowing the production of binder, electrolyte or
separator having improved performance.

The solution to this problem proposed in claim 1 of the present application is
considered as involving an inventive step (Article 33(3) PCT) because none of
the available prior art suggest that modifying the composition of D1 by

Form PCT/Separate Sheet/40% (Sheet 1) (EPO-April 2005)
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providing the portions of open ended carbon nanotubes fibers with electrolyte
will allow to provide binder, electrolyte or separator having improved
performance and this is not common knowledge.

2.2 Claims 2-19 are dependent on claim 1 and as such also meet the
requirements of the PCT with respect to novelty and inventive step.
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INTERNATIONAL PRELIMINARY REPORT International application No.
ON PATENTABILITY PCT/JS2013047029

Box No.| Basis of the report

1. With regard to the language, this report is based on
& the international application in the language in which it was filed

O atranslation of the international application into , which is the language
of a translation furnished for the purposes of:

[ international search (under Rules 12.3(a) and 23.1(b))
O publication of the international application (under Rule 12.4(a))
[J international preliminary examination (under Rules 55.2(a) and/or 55.3(a) and (b})

2. With regard to the elements” of the international application, this report is based on (replacement sheets which
have been furnished to the receiving Office in response to an invitation under Article 14 are referred to in this
report as "originally filed" and are not annexed o this report):

Description, Pages
1-28 as originally filed

Claims, Numbers
1-19 filed with the letter of 20-08-2014

Drawings, Sheets
11 as originally filed

LJ asequence listing - see Supplemental Box Relating to Sequence Listing.

3. O The amendments have resulted in the cancellation of:
[ the description, pages
O the claims, Nos.
O the drawings, sheetsfigs
O the sequence listing (specify):
L1 any table(s) related to sequence listing (specify):

4. 0 This report has been established as if (some of) the amendments annexed to this report and listed below
had not been made, since either they are considered to go beyond the disclosure as filed, or they were not
accompanied by a letter indicating the basis for the amendments in the application as filed, as indicated in the
Supplemental Box (Rules 70.2(c) and (c-bis)):

O the description, pages

O the claims, Nos.

O the drawings, sheetsfigs

[ the sequence listing (specify):

5. O This report has been established:

U taking into account the rectification of an obvious mistake authorized by or notified to this Authority
under Rule 91 (Rules 66.1(d-bis) and 70.2(e)).

O without taking into account the rectification of an obvious mistake authorized by or notified to this
Authority under Rule 81(Rules 66.4bis and 70.2(e)).

Form PCTAPEA/409 (EPO) (1 April 2014)
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6. B With regard to top-up searches (Rules 66.1 ter and 70.2(f)):

B A top-up search was carried out by this Authority on 29.08.2014 (all discovered documents are
listed in the Supplemental Box Relating to Top-up Search).

O No top-up search was carried out by this Authority.

7. O Supplementary international search report(s) from Authority(ies) has/have been received and taken into
account in establishing this report (Rule 45bis.8(b) and (c)).

Box No.V  Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial
applicability; citations and explanations supporting such statement

1. Statement

Novelty (N) Yes: Claims 1-19
No: Claims

Inventive step (IS) Yes: Claims 1-19
No: Claims

Industrial applicability (I1A) Yes: Claims 1-19
No: Claims

2. Citations and explanations (Rule 70.7):

see separate sheet

Form PCTAPEA/409 (EPO) (1 April 2014)
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International application No: PCTAUS2013/047029

This International Preliminary Examining Authority transmits herewith the following documents:

1. 0O demand (Rule 61.1(a)).

2. M copy of the international preliminary examination report and its annexes (Rule 71.1).

3. O other documents (specify):

Name and mailing address of the international Authorized Officer
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Johan de Wittlaan 7

NL-2517 JR Den Haag NOTIFICATION OF TRANSMITTAL OF
PAYS-BAS THE INTERNATIONAL PRELIMINARY

REPORT ON PATENTABILITY
(PCT Rule 71.1)

Date of mailing

(day/monthiyear) 11.09.2014
Applicant's or agent's file reference
P103060PC0O0 IMPORTANT NOTIFICATION
International application No. " International filing date (day/monthiyear) i Priority date (day/monthiear)
PCTAUS2013/047029 21.06.2013 21.06.2012
Applicant )

Molecular Rebar Design, LLC

1. The applicant is hereby notified that this International Preliminary Examining Authority transmits herewith the
international preliminary report on patentability and its annexes, if any, established on the international
application.

2. A copy of the report and its annexes, if any, is being transmitted to the International Bureau for
communication to all the elected Offices.

3. Where required by any of the elected Offices, the International Bureau will prepare an English translation of
the report (but not of any annexes) and will transmit such translation to those Offices.

4. REMINDER

The applicant must enter the national phase before each elected Office by performing certain acts (filing
translations and paying national fees) within 30 months from the priority date (or later in some Offices)
(Article 39(1)) (see also the reminder sent by the International Bureau with Form PCT/AB/301).

Where a translation of the international application must be furnished to an elected Office, that translation
must contain a translation of any annexes to the international preliminary report on patentability. It is the
applicant's responsibility to prepare and furnish such translation directly to each elected Office concerned.

For further details on the applicable time limits and requirements of the elected Offices, see Volume Il of the
PCT Applicant's Guide.

The applicant's attention is drawn to Article 33(5), which provides that the criteria of novelty, inventive step
and industrial applicability described in Article 33(2) to (4) merely serve the purposes of international
preliminary examination and that "any Contracting State may apply additional or different criteria for the
purposes of deciding whether, in that State, the claimed inventions is patentable or not" (see also Article
27(5)). Such additional criteria may relate, for example, to exemptions from patentability, requirements for
enabling disclosure, clarity and support for the claims.

Name and mailing address of the international Authorized Officer o
preliminary examining authority: Ty
—_— Giel-Barragan R d 5
European Patent Office P.B. 5818 Patentlaan 2 iel-Barragan Hamos & T
NL-2280 HV Rijswijk - Pays Bas H a I
Tel. +31 70 340 - 2040 Tel. +31 70 340-3046 % g
Fax: +31 70 340 - 3016 B
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Int. pat. appln. no. PCT/US2013/047029
Our letter of August 20, 2014 EPQ - DG 2
22. 08, 2014
Claims
1. A composition for use as a binder material, an electrolyte material or a

10

15

20

25

separator film material of an energy storage or collection device, comprising:

a plurality of discrete carbon nanotube fibers, said fibers having an aspect ratio
of from about 10 to about 500, and wherein at least a portion of the discrete
carbon nanotube fibers are open ended, wherein the portion of open ended

carbon nanotube fibers comprise electrolyte.

2. The composition of claim 1, wherein the electrolyte comprises a polymer
or a liquid.
3. The composition of any one of the preceding claims, wherein the carbon

nanotube fibers have a unimodal, bimodal, or multimodal distribution of
diameters and/or lengths.

4, The composition of claim 3, wherein 40% to 90% by number of the
discrete carbon nanotubes have an aspect ratio of 30-70.

5. The composition of claim 3 or claim 4, wherein from 1% to 30% by
number of carbon nanotubes have an average aspect ratio 80-140.

6. The composition of claim 1, wherein the portion of discrete carbon
nanotubes that are open ended are ion conducting.

7. The composition of claim 6, further comprising additional inorganic
structures comprising elements of the groups two through fourteen of the
Periodic Table of Elements.

8. The binder composition of claim 6 further comprising non-fiber carbon
structures selected from the group consisting of carbon black, graphite,
graphene, oxidized graphene, fullerenes, and mixtures thereof.

9. The composition of claim 8, further comprising at least a portion of
discrete carbon nanotubes interspersed between graphene and/or oxidized
graphene plates.

10. The composition of claim 1, wherein the carbon nanotubes are oriented.
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11. The composition of claim 1.0, wherein the orientation is accomplished in
a sheet, micro-layer, micro-layer with vertical film orientation, film, molding,
extrusion, or fiber spinning fabrication method.

12.  The composition of claim 10 or claim 11, wherein orientation includes
post fabrication methods, such as tentering, uniaxial orientation, biaxial
orientation and thermoforming.

13. The composition of claim 1, further comprising at least one polymer.
14. The composition of claim 13, wherein the polymer is selected from the
group consisting of vinyl polymers, poly(styrene-butadiene), partially or fully
hydrogenated poly(styrene butadiene) containing copolymers, functionalized
poly(styrene butadiene) copolymers such as carboxylated poly(styrene
butadiene), poly(styrene-isoprene), poly(methacrylic acid),
poly(methylmethacrylate), poly(acrylic acid), poly(vinylalcohols),
poly(vinylacetates), fluorinated polymers, polyvinylpyrrolidone, conductive
polymers, polymers derived from natural sources, polyethers, polyesters,
polyurethanes, and polyamides; homopolymers, graft, block or random co- or
ter-polymers, and mixtures thereof.

15. The composition of claim 1, wherein the carbon nanotubes are further
functionalized.

16. The composition of claim 1, further comprising at least one dispersion
aid.

17. The composition of claim 1, being a binder material having an
impedance of less than or equal to about one billion ochm-m.

18. The composition of claim 1, being a electrolyte material or separator film
having a charge transfer resistance of less than or equal to about 10 million
ohm-m.

19. The composition of claim 1, being an electrode paste for a lead-acid
battery comprising:

discrete carbon nanotubes having an average length from about 400 to about

1400 nm; and
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polyvinyl alcohol.
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Claims

1 A composition for use as a binder material, an electrolyte material or a
separator film material of an energy storage or collection device, comprising:
a plurality of discrete carbon nanotube fibers, said fibers having an aspect ratio
of from about 10 to about 500, and wherein at least a portion of the discrete
carbon nanotube fibers are open ended, wherein the portion of open ended

carbon nanotube fibers comprise electrolyte.

2. The composition of claim 1, wherein the electrolyte comprises a polymer
or a liquid.
3. The composition of any one of the preceding claims, wherein the carbon

nanotube fibers have a unimodal, bimodal, or multimodal distribution of
diameters and/or lengths.

4, The composition of claim 3, wherein 40% to 90% by number of the
discrete carbon nanotubes have an aspect ratio of 30-70.

5, The composition of claim 3 or claim 4, wherein from 1% to 30% by
number of carbon nanotubes have an average aspect ratio 80-140.

6. The composition of claim 1, wherein the portion of discrete carbon
nanotubes that are open ended are ion conducting.

T The composition of claim 6, further comprising additional inorganic
structures comprising elements of the groups two through fourteen of the
Periodic Table of Elements.

8. The binder composition of claim 6 further comprising non-fiber carbon
structures selected from the group consisting of carbon black, graphite,
graphene, oxidized graphene, fullerenes, and mixtures thereof.

9. The composition of claim 8, further comprising at least a portion of
discrete carbon nanotubes interspersed between graphene and/or oxidized
graphene plates.

10. The composition of claim 1, wherein the carbon nanotubes are oriented.
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11.  The composition of claim 10, wherein the orientation is accomplished in
a sheet, micro-layer, micro-layer with vertical film orientation, film, molding,
extrusion, or fiber spinning fabrication method.

12.  The composition of claim 10 or claim 11, wherein orientation includes
post fabrication methods, such as tentering, uniaxial orientation, biaxial
orientation and thermoforming.

13. The composition of claim 1, further comprising at least one polymer.
14. The composition of claim 13, wherein the polymer is selected from the
group consisting of vinyl polymers, poly(styrene-butadiene), partially or fully
hydrogenated poly(styrene butadiene) containing copolymers, functionalized
poly(styrene butadiene) copolymers such as carboxylated poly(styrene
butadiene), poly(styrene-isoprene), poly(methacrylic acid),
poly(methylmethacrylate), poly(acrylic acid), poly(vinylalcohols),
poly(vinylacetates), fluorinated polymers, polyvinylpyrrolidone, conductive
polymers, polymers derived from natural sources, polyethers, polyesters,
polyurethanes, and polyamides; homopolymers, graft, block or random co- or
ter-polymers, and mixtures thereof.

15. The composition of claim 1, whérein the carbon nanotubes are further
functionalized.

16. The composition of claim 1, further comprising at least one dispersion
aid.

17.  The composition of claim 1, being a binder material having an
impedance of less than or equal to about one billion ohm-m.

18. The composition of claim 1, being a electrolyte material or separator film
having a charge transfer resistance of less than or equal to about 10 million
ohm-m.

19. The composition of claim 1, being an electrode paste for a lead-acid
battery comprising:

discrete carbon nanotubes having an average length from about 400 to about
1400 nm; and
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The Netherlands
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Telefax +31 70 416 67 99
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The Hague,
August 20, 2014

Re: International Patent Application No. PCT/US2013/047029

Molecular Rebar Design, LLC

In response to your written opinion dated July 9, 2014, I enclose a set of amended

claims.

In this set of claims, pending claim 20 is deleted.

It is requested that the IPRP is based on the attached set of claims, which does not

seem to have any formal or material objections.

Should you — unexpectedly — have some formal or material objections to the attached

19 claims, it is requested that you contact me so that we can deal with these objections

in a telephonic interview.

The professional rgpresentative,

Encl.: amended claims
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Int. pat. appln. rro. PCT/US2013/047029
Our letter of Auguat 20, 2014

Claims

1. A composition for use as a binder material, an electrolyte material or a
separator film material of an energy storage or collection device, comprising:
a plurality of discrete carbon nanotube fibers, said fibers having an aspect ratio
of from about 10 to about 500, and wherein at least a portion of the discrete

5 carbon nanotube fibers are open ended, wherein the portion of open ended

carbon nanotube fibers comprise electrolyte.

2. The composition of claim 1, wherein the electrolyte comprises a polymer
or a ligquid,
3. The composition of any one of the preceding claims, wherein the carbon

10  nanotube fibers have a unimodal, bimodal, or multimodal distribution of
diameters and/or lengths.
4, The composition of claim 3, wherein 40% to 90% by number of the
discrete carbon nanotubes have an aspect ratio of 30-70.
5. The composition of claim 3 or claim 4, wherein from 1% to 30% by
15 number of carbon nanotubes have an average aspect ratio 80-140,
6. The composition of elaim 1, wherein the portion. of discrete carbon
nanotubes that are open ended are ion conducting.
7. The composition of elaim 6, further comprising additional inorganic
structures comprising elements of the groups two through fourteen of the
20 Periodic Table of Elements.
8. The binder composition of claim 6 further comprising non-fiber carbon
structures selected from the group consisting of carbon black, graphite,
graphene, oxidized graphene, fullerenes, and mixtures thereof,
a, The composition of claim 8, further comprising at least a portion of
25  discrete carbon nanotubes interspersed between graphene and/or oxidized

graphene plates.

10. The composition of elaim 1, wherein the carbon nanotubes are oriented.

Duration: 20.08.2014 13:53:19 - 20.08.2014 13:54:21. This page 2 of 7 was completed at 20.08.2014 13:53:39
Received at the EPO on Aug 20, 2014 13:54:21. Page 2 of 7
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11. The composition of claim 10, wherein the orientation is accomplished in
a sheet, micro-layer, micro-layer with vertical film orientation, film, molding,
extrusion, or fiber spinning fabrication method.

12, The composition of ¢claim 10 or ¢laim 11, wherein orientation includes
post fabrication methods, such as tentering, uniaxial orientation, biaxial
orientation and thermoforming.

13. The composition of elaim 1, further comprising at least one polymer.
14. The composition of claim 13, wherein the polymer is selected from the
group consisting of vinyl polymers, poly(styrene-butadiene), partially or fully
hydrogenated poly(styrene butadiene) containing copolymers, functionalized
poly(styrene butadiene) copolymers such as carboxylated poly(styrene
butadiene), poly(styrene-isoprene), poly(methacrylic acid),
poly(methylmethacrylate), poly(acrylic acid), poly(vinylalcohols),
poly(vinylacetates), fluorinated polymers, polyvinylpyrrolidone, conductive
polymers, polymers derived from natural sources, polyethers, polyesters,
polyurethanes, and polyamides; homopolymers, graft, block or random co- or
ter-polymers, and mixtures thereof.

15. The composition of claim 1, wherein the carbon nanotubes are further
functionalized.

16. The composition of claim 1, further comprising at least one dispersion
aid.

17.  The composition of claim 1, being a binder material having an
impedance of less than or equal to about one billion chm-m.

18. The composition of claim 1, being a electrolyte material or separator film
having a charge transfer resistance of less than or equal to about 10 million
ohm-m.

19.  The composition of claim 1, being an electrode paste for a lead-acid
battery comprising:

discrete carbon nanctubes having an average length from about 400 to about

1400 nm; and

a3/av
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polyvinyl alechol.
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Int. pat. appln. no. PCT/US2013/047029
Onr letter of August 20, 2014

Claims

1. A composition for use as a binder material, an electrolyte material or a
separator film material of an energy storage or collection device, comprising:
a plurality of discrete carbon nanotube fibers, said fibers having an aspect ratio
of from about 10 to about 500, and wherein at least a portion of the discrete

5 carbon nanotube fibers are open ended, wherein the portion of open ended

carbon nanotube fibers comprise electrolyte.

2. The composition of claim 1, wherein the electrolyte comprises a polymer
or a liquid.
3. The composition of any one of the preceding claims, wherein the carbon

10 nanotube fibers have a unimodal, himodal, or multimodal distribution of
diameters and/or lengths.
4, The composition of claim 3, wherein 40% to 20% by number of the
digerete carbon nanotubes have an aspect ratio of 30-70.
5. The composition of claim 3 or claim 4, wherein from 1% to 30% by

15 number of carbon nanotubes have an average aspect ratio 80-140.
6. The composition of claim 1, wherein the portion of discrete carbon.
nanotubes that are open ended are ion conducting.
7. The composition of ¢laim 6, further comprising additional inorganic
structures comprising elements of the groups two through fourteen of the

20  Periodic Table of Elements.
8. The binder composition of claim 6 further comprigsing non-fiber carbon
structures selected from the group consisting of carbon black, graphite,
graphene, oxidized graphene, fullerenes, and mixtures thereof.
9, The composition of claim 8, further comprising at least a portion of

25  discrete carbon nanotubes interspersed between graphene and/or oxidized
graphene plates.
10.  The composition of claim 1, wherein the carbon nanotubes are oriented.
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11.  The composition of claim 10, wherein the orientation is accomplished in
a sheet, micro-layer, micro-layer with vertical film orientation, film, molding,
extrusion, or fiber spinning fabrication method.

12. The composition of claim 10 or claim 11, wherein orientation includes
post fabrication methods, such as tentering, uniaxial orientation, biaxial
orientation and thermoforming.

13.  The composition of claim 1, further comprising at least one polymer.
14. The composition of claim 13, wherein the polymer is selected from the
group consisting of vinyl polymers, poly(styrene-butadiene), partially or fully
hydrogenated poly{styrene butadiene) containing copolymers, functionalized
poly(styrene butadiene) copolymers such as carboxylated poly(styrene
butadiene), poly{atyrene-isoprene), poly{methacrylic acid),
poly(methylmethacrylate), poly(acrylie acid), poly(vinylaleohols),
poly(vinylacetates), fluorinated polymers, polyvinylpyrrolidone, conductive
polymers, polymers derived from natural sources, polyethers, polyesters,
polyurethanes, and polyamides; homopolymers, graft, block or random co- or
ter-polymers, and mixtures thereof,

15. The composgition of elaim 1, wherein the carbon nanotubes are further
functionalized.

16. The composition of claim 1, further comprising at least one dispersion
aid.

17.  The composition of claim 1, being a hinder material having an
impedance of lesg than or equal to about one billion ohm-m.

18.  The composition of claim 1, heing & electrolyte material or separator film
having a charge transfer resistance of less than or equal to about 10 million
ohm-m.

19.  The composition of claim 1, being an electrode paste for a lead-acid
battery comprising:

digcrete carbon nanotubes having an average length from about 400 to about

1400 nm; and
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polyvinyl alcohol,
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Patends B Trademarks

By facgimile Vereenigde Octroclbureaux NV,
Jokan da Wittlaan 7

F.0. Box 57930

European Patent Office 2508 DH The Hagus
D-80298 Mumnich The Netherfands
Gemany Telephone +31 70 416 67 11

Telefax +31 70 416 67 99

H.Marsman @ v, eu
WWW. vD.eU

Your ref. PCT/US2013/047029 The Hague,

Qurref. MAS/P103060PC00 Aungust 20, 2014

Re: International Patent Application No. PCT/US2013/047029
Molecular Rebar Design, LLC

In response to your written opinion dated July 9, 2014, I enclose a set of amended

claima.
In thiz zet of claimes, pending claim 20 iz deleted.

It ie requested that the IPRP is based on the attached set of claims, which does not

seem to have any formal or material ohjections.

Should you — unexpectedly — have some formal or material objections to the attached
10 19 claims, it is requested that you contact me so that we can deal with these objections

in a telephonic interview.

gpresentative,

i

Encl.: amended claims

HAM. Marsman EK
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From the INTERNATIONAL BUREAU
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CHWANG, T, Ling

Jackson Walker L.L.P.

901 Main Street, Suite 6000
Dallas, TX 75202
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United States of America

State of Nationality State of Residence

Telephone No.
214-953-5982

Facsimile No.

214-661-6880
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[ the address
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PCT/US2013/047029

PATENT COOPERATION TREATY

ADVANCE E-MAIL

PCT

NOTIFICATION OF THE RECORDING
OF A CHANGE

(PCT Rule 92bis.1 and
Administrative Instructions, Section 422)

Date of mailing (day/month/year)

04 July 2014 (04.07.2014)

From the INTERNATIONAL BUREAU

To:

CHWANG, T, Ling

Jackson Walker L.L.P.

901 Main Street, Suite 6000
Dallas, TX 75202
ETATS-UNIS D'AMERIQUE

Applicant's or agent’s file reference

MORE-0012WO

IMPORTANT NOTIFICATION

International application No.

PCT/US2013/047029

International filing date {day/month/vear)

21 June 2013 (21.06.2013)

1. The following indications appeared on record concerning:

[ the applicant [ the inventor

B4 the agent

[ the common representative

Name and Address

DUNSTAN, Amy, Ulfers
Jackson Walker L.L.P.

901 Main Street, Suite 6000
Dallas, TX 75202

United States of America

State of Nationality State of Residence

Telephone No.
214-953-5982

Facsimile No.

214-661-6880

E-mail address

adunstan@jw.com

2. 'The International Bureau hereby notifies the applicant that the following change has been recorded concerning:

[ the person B the name

[ the address

[ the nationality [] the residence

Name and Address

CHWANG, T., Ling

Jackson Walker L.L.P.

901 Main Street, Suite 6000
Dallas, TX 75202

United States of America

State of Nationality State of Residence

Telephone No.
214-953-5982

Facsimile No.

214-661-6880

E-mail address

|chwang@jw.com
B¢ Notifications by e-mail authorized

3. Further observations, if necessary:

4. A copy of this notification has been sent to:
B the receiving Office
[ the International Searching Authority
[:] the Authority(ies) specified for supplementary search

the International Preliminary Examining Authority
the designated Offices concerned

the elected Offices concerned

other:

OXC15

The International Bureau of WIPD
34, chemin des Colombettes
1211 Geneva 20, Switzerland

Facsimile No. +41 22 338 89 75

Authorized officer

Ulhag Faizan

e-mail plO5.pet@wipo.int
Telephone No. +41 22 338 74 05

Form PCT/IB/306 (January 2009)
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PATENT COOPERATION TREATY

From the
INTERNATIONAL PRELIMINARY EXAMINING AUTHORITY

| PCT

V.0.
Spngn 05 iian ¥ WRITTEN OPINION OF THE
b Tl INTERNATIONAL PRELIMINARY
EXAMINING AUTHORITY
(PCT Rule 66)
Date of mailing
(day/monthiyear) 09.07.2014
Applicant’s or agent’s file reference REPLY DUE within 2 month(s)
P103060PC00 from the above date of mailing B
International application No. International filing date (day/monthiear) Priority date {day/monthjrear)
PCTAS2013/047029 21.06.2013 21.06.2012
International Patent Classification (IPC) or both national classification and IPC
INV. HO1M216
Applicant

Molecular Rebar Design, LLC

1. [ The written opinion established by the International Searching Authority:
B is [ is not
considered to be a written opinion of the International Preliminary Examining Authority.

2. This second opinion contains indications relating to the following items:

Box No. | Basis of the opinion
Box No. Il Priority
Box No. Il Non-establishment of opinion with regard to novelty, inventive step and industrial applicability

Box No. IV Lack of unity of invention

Box No.V  Reasoned statement under Rule 66.2(a)(ii) with regard to novelty, inventive step or industrial
applicability; citations and explanations supporting such statement

Box No. VI Certain documents cited
Box No. VIl Certain defects in the international application
Box No. VIl Certain observations on the international application

000 KROOOX

3. The applicant is hereby invited to reply to this opinion.

When? See the time limit indicated above. The applicant may, before the expiration of that time limit,
request this Authority to grant an extension, see Rule 66.2(e).

How? By submitting a written reply. accompanied, where appropriate, by amendments, accerding to Rule 66.3.
For the form and the language of the amendments, see Rules 55.3 and 66.8.

Also: For the examiner's obligation to consider amendments and/or arguments, see Rule 66.4bis.

For an informal communication with the examiner, see Rule 66.6.
For an additional opportunity to submit amendments, see Rule 66.4.
If no reply is filed. the international preliminary examination report will be established on the basis of this opinion.

4. The final date by which the international preliminary report on patentability
(Chapter Il of the PCT) must be established according to Rule 69.2 is: 21.10.2014

Name and mailing address of the international Authorized Officer

preliminary examining authority: y,,.-mm..k

European Patent Office P.B. 5818 Patentlaan 2

Fax: +31 70 340 - 3016 Telephone No. +31 70 340-8994

&
NL-2280 HV Rijswijk - Pays Bas Crottaz, Olivier i 0')
Tel. +31 70 340 - 2040 5
—_— K

Form PCTAPEA/ 408 (Cover Sheet) (July 2011)
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WRITTEN OPINION OF THE INTERNATIONAL International application No.
PRELIMINARY EXAMINING AUTHORITY
(SEPARATE SHEET) PCT/US2013/047029

Re ltem V

Reasoned statement with regard to novelty, inventive step or industrial
applicability; citations and explanations supporting such statement

1 Reference is made to the following documents:

D1 WO 2011/163129 A2 (DESIGNED NANOTUBES LLC [US];
BOSNYAK CLIVE P [US]; SWOGGER KURT W [US]) 29
December 2011 (2011-12-29)

D2 EP 2 415 839 A1 (UBE INDUSTRIES [JP]) 8 February 2012
(2012-02-08)

2 Novelty (Art. 33(1,2) PCT) and Inventive step (Art. 33(1,3) PCT

2.1 The present application does not meet the criteria of Article 33(1) PCT,

because the subject-matter of claim 20 is not new in the sense of Article 33(2)
PCT.

2.2 The document D1 discloses (the references in parentheses applying to this
document) D1 further discloses a method for making a composition suitable
for (cf. PCT GL, 5.21) use as a binder material, an electrolyte material, or a
separator film material, comprising the steps of:
a) adding carbon nanotubes to a liquid, solvent or polymer melt;
b) vigorous mixing such as with a sonicator or high shear mixer for a period of
time; and
c) continued mixing until a homagenous dispersion is obtained (cf. for
example [2], [78]-[85], [112]-[115]).

Therefore, the subject-matter of claim 20 is not new.

23 It is further to be noted that present claim 20 also lacks novelty over document
D2 (cf. the corresponding passages cited in the International Search Report)

Form PCT/Separate Sheet/408 (Sheet 1) (EPO-April 2005)
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WRITTEN OPINION OF THE INTERNATIONAL International application No.
PRELIMINARY EXAMINING AUTHORITY
(SEPARATE SHEET) PCT/US2013/047029

2.4

D1 is regarded as being the prior art closest to the subject-matter of claim 1,
and discloses (the references in parentheses applying to this document) a
composition suitable for use as a binder material, an electrolyte material or a
separator film material of an energy storage or collection device, comprising:

a plurality of discrete carbon nanotube fibers, said fibers having an aspect
ratio of from about 10 to about 500 (cf. [7] and [64]), and wherein at least a
portion of the discrete carbon nanotube fibers are open ended (cf. [8]).

The subject-matter of claim 1 therefore differs from this known composition in
that the portions of open ended carbon nanotubes fibers comprise electrolyte.

The subject-matter of claim 1 is therefore new (Article 33(2) PCT).

The technical effect of this difference is to allow an higher uptake of
electrolyte, which enables improved ion transport.

The problem to be solved by the present invention may be regarded as to
provide a composition allowing the production of binder, electrolyte or
separator having improved performance.

The solution to this problem proposed in claim 1 of the present application is
considered as involving an inventive step (Article 33(3) PCT) because none of
the available prior art suggest that modifying the composition of D1 by
providing the portions of open ended carbon nanotubes fibers with electrolyte
will allow to provide binder, electrolyte or separator having improved
performance and this is not common knowledge.

Claims 2-19 are dependent on claim 1 and as such also meet the
requirements of the PCT with respect to novelty and inventive step.

Form PCT/Separate Sheet/408 (Sheet 2) (EPO-April 2005)
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WRITTEN OPINION OF THE INTERNATIONAL International application No.
PRELIMINARY EXAMINING AUTHORITY PCT/JS2013047029

Box No.| Basis of the opinion

1. With regard to the language, this opinion has been established on the basis of;
B the international application in the language in which it was filed
O atranslation of the international application into ,

which is the language of a translation furnished for the purposes of:

O international search (under Rules 12.3(a) and 23.1(b))
1 publication of the international application (under Rule 12.4(a))
[ international preliminary examination (under Rules 55.2(a) and/or 55.3(a) and (b))

2. With regard to the elements of the international application, this opinion has been established on the basis of
(replacement sheets which have been furnished to the receiving Office in response to an invitation under Article
14 are referred to in this opinion as "originally filed"):

Description, Pages
1-28 as originally filed

Claims, Numbers
1-20 filed with the demand for preliminary international examination

Drawings, Sheets
1A as originally filed

00 asequence listing - see Supplemental Box Relating to Sequence Listing.

3. O The amendments have resulted in the cancellation of:

O the description, pages

O the claims, Nos.

O the drawings, sheetsfigs

O the sequence listing (specify):

4. J This opinion has been established as if (some of) the amendments listed below had not been made, since
either they are considered to go beyond the disclosure as filed, or they were not accompanied by a
letter indicating the basis for the amendments in the application as filed, as indicated in the Supplemental
Box (Rules 70.2(c) and (c-bis)):
O the description, pages
O the claims, Nos.
[J the drawings, sheetsfigs
[J the sequence listing (specify):

5. OO This opinion has been established:

O taking into account the rectification of an obvious mistake authorized by or notified to this Authority
under Rule 91 (Rule 66.1(d-bis)).

] without taking into account the rectification of an obvious mistake authorized by or notified to this
Authority under Rule 91 (Rule 66.4bis).

Form PCTAPEA/408 (July 2011)
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WRITTEN OPINION OF THE INTERNATIONAL International application No.
PRELIMINARY EXAMINING AUTHORITY PCT/US2013/047029

6. O Supplementary international search report(s) from Authority(ies) have been received and taken into
account in drawing up this opinion (Rule 45bis.8(b) and (c)).

Box No.V  Reasoned statement under Rule 66.2(a)(ii) with regard to novelty, inventive step or
industrial applicability; citations and explanations supporting such statement

1. Statement

Novelty (N) No: Claims 20
Inventive step (IS) No: Claims 20
Industrial applicability (1A) No: Claims

2. Citations and explanations:

see separate sheet

Form PCTAPEA/408 (July 2011)
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PATENT COOPERATION TREATY PCT/US2013/047029

From the INTERNATIONAL BUREAU

PCT To:

NOTIFICATION OF ELECTION

European Patent Office

(PCT Article 31(7) and Rule 61.2) Posthus 5818
Patentlaan 2
NL-2280 HV RIJSWIJK
Date of mailing (day/monthiyear) PAYS-BAS
30 May 2014 (30052014) in its capacity as elected Office
International application No. Applicant’s or agent’s file reference
PCT/US2013/047029 MORE-0012WO
International filing date (day/monthiyear) Priority date {day/month/year)
21 June 2013 (21.06.2013) 21 June 2012 (21.06.2012)
Applicant

MOLECULAR REBAR DESIGN, LLC

1. The designated Office is hereby notified of its election made in the demand filed with the International Preliminary Examining
Authority on:

17 April 2014 (17.04.2014)

2. 'The election m was

D was not

made before the expiration of 19 months from the priority date (PCT Article 39(1)(a)).

The International Bureau of WIPO Authorized officer

34, chemin des Colombettes :
1211 Geneva 20, Switzerland Nora Llndner

Facsimile No. +41 22 338 82 70 e-mail: ptO5.pet@wipo.int

Form PCT/IB/331 (January 2004)
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PATENT COOPERATION TREATY PCT/US2013/047029

PCT

NOTIFICATION CONCERNING WRITTEN
OPINION OF INTERNATIONAL SEARCHING
AUTHORITY, AMENDMENTS
OF CLAIMS AND SUPPLEMENTARY
INTERNATIONAL SEARCH
(PCT Rule 62 and Administrative
Instructions, Section 417(d) and 420(h))

From the INTERNATIONAL BUREAU

To: EP (34)

European Patent Office
Postbus 5818
Patentlaan 2

NL-2280 HV RIJSWIIK
PAYS-BAS

Date of mailing (day/month/vear)

15 May 2014 (15.05.2014)

in its capacity as International Preliminary Examining Authority

International application No.

PCT/US2013/047029

International filing date (day/month/yvear)

21 June 2013 (21.06.2013)

Applicant

MOLECULAR REBAR DESIGN, LLC

62.1(i)).

19}

Section 420(b)).

1. [ The International Bureau hereby transmits a copy of the written opinion established by the International Searching Authority (Rule

2. [ The International Bureau hereby transmits a copy of the amendments to the claims under Article 19 together with the
accompanying letter (Rule 46.5(b)) and any statement (Rule 62.1(ii)).

3. B4 The International Bureau hereby informs the International Preliminary Examining Authority that no amendments under Article 19
have been received by the International Bureau (Administrative Instructions, Section 417(d)).

4, D The International Bureau hereby informs the International Preliminary Examining Authority that it has received a request for
supplementary international search indicating the following Authority specified for supplementary search:

. [ The International Bureau hereby fowards a copy of the supplementary international search report (Administrative Instructions,

The International Bureau of WIPD
34, chemin des Colombettes
1211 Geneva 20, Switzerland

Facsimile No. +41 22 338 89 75

Authorized officer

Poupel Sylvie
e-mail plO5.pet@wipo.int
Telephone No. +41 22 338 74 05

Form PCI/IB/337 (July 2010)
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118



PATENT COOPERATION TREATY PCT/US2013/047029

From the INTERNATIONAL BUREAU

PCT To: EP (34)

NOTIFICATION OF DEFECTS IN THE DEMAND European Patent Office
Posthus 5818

Patentlaan 2

(PCT Rule 60.1(e)) NL-2280 HV RIJSWIJK

PAYS-BAS
Date of mailing (day/month/vear)
15 Ma.y 2014 (15052014) in its capacity as International Preliminary Examining Authority
International application No. International filing date (day/month/yvear)
PCT/US2013/047029 21 June 2013 (21.06.2013)

Applicant
MOLECULAR REBAR DESIGN, LLC

The International Bureau hereby calls the attention of the International Preliminary Examining Authority to the defects in the demand
indicated below:

1. D it does not permit the identification of the international application to which it relates (Rule 60.1(b)).
2. [ it does not contain the required petition (Rules 53.2(a)(i) and 53.3).
3 D it does not contain the required indications concerning the agent as specified in the Annex (Rules 53.2(a)(ii) and 53.5).

4. [] it does not contain the required indications concerning the international application as specified in the Annex (Rules 53.2(a)(iii)
and 53.6).

5. [] it is not submitted in the required language which is (Rule 55.1).
6. [] it is not made on the printed form (Rule 53.1(a)).

7 D it is presented as a computer print-out the particulars of which do not comply with the Administrative Instructions (Rule 53.1(a)).

8. [ it does not contain the required indications concerning the applicant as specified in the Annex (Rules 53.2(a)(ii), 53.4 and
60.1(a-bis)).

9. E it does not contain the required signature as specified in the Annex (Rules 53.2(b), 53.8, 60.1(a-ter) and 90.4).

Other observations, if necessary:

The International Bureau of WIPD Authorized officer
34, chemin des Colombettes | A
1211 Geneva 20, Switzerland POUpe Sy vie
e-mail plO5.pet@wipo.int
Facsimile No. +41 22 338 89 75 Telephone No. +41 22 338 74 05
Form PCT/IB/336 (16 September 2012) 1/PDI4ADF4CS977220
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ANNEX TO FORM PCT/IB/336 International application No.
PCT/US2013/047029

Continuation of item 3: As to indications concerning the agent (Rules 53.2(a)(ii) and 53.5), the demand:

a. [[] does not properly indicate the agent's name (specify):
b. [] does not indicate the agent's address.

¢. [] does not properly indicate the agent's address (specify}:

Continuation of item 4: As to indications concerning the international application , the demand does not indicate:

a. [] the international filing date.

the international application number.

b. (1

¢. [] the name of the receiving Office, where the international application number was not known to the applicant at the time the
demand was filed.

a.

the title of the invention.

Continuation of item 8: As to indications concerning the applicant* (Rules 53.2(a)(ii), 53.4 and 60.1(a-bis)), the demand:

a. [] does not indicate all the applicants.

b. [] does not properly indicate the applicant's name (specify):
c. [ does not indicate the applicant's address.

d. [[] does not properly indicate the applicant’s address (specify):
e. [ does not indicate the applicant’s nationality.

f. [] does not indicate the applicant’s residence.

*  Although Rule 53.2(a)(ii) require indications concerning the applicant, or if there are several applicants, of each of them, for the
purposes of Rule 53.4, if there is more than one applicant, it shall be sufficient that the required indications be provided in respect of
one of them who has the right according to Rule 54.2 to make a demand (Rule 60.1(a-bis)).

Continuation of item 9: As to requirements concerning signature (Rules 53.2(b), 53.8, 60.1(a-ter) and 90.4), the demand:

a. [] is not signed by the applicant or, if there is more than one applicant, by at least one of them*.

b. P4 is signed by what appears to be an agent/common representative, but the demand is not accompanied by a power of attorney
signed by at least one of the applicants.
*  Although Rule 53.2(b) requires that all applicants must sign the demand, for the purposes of Rule 53.8, if there is more than one
applicant, it shall be sufficient that the demand be signed by one of them (Rule 60.1(a-ter)).

Form PCT/IB/336 (Annex) (16 September 2012) 2/PDIJ4DF4CS977.20
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Confirmation Copy

CHAPTER 11

PCT

FEE CALCULATION SHEET

Annex to the Demand

For Intemnational Preliminary Examining Authority use only e
International

application No. PCT/US2013/047029

Applicant’s or agent’s
filereference ~ P103060PC00

Applicant
Molecular Rebar Design, LLC

Date stamp of the IPEA

CALCULATION OF PRESCRIBED FEES

1. Preliminary examination fee ......ccvmvmnininniiinenn | 1930) P |

2. Handling fee (Applicants from certain States are
entitled to a reduction of 75% of the handling fee.
Where the applicant is (or all applicants are) so
entitled, the amount to be entered at H is 25% of the | H |
handling fee.) ... 163

3. Total of prescribed fees
Add the amounts entered at P and H 2093
and enter total in the TOTAL box

TOTAL

MODE OF PAYMENT

authorization to charge deposit cash

account with the IPEA (see below)

cheque revenue stamps

postal money order coupons

000 &
oo

bank draft other (specify):

AUTHORIZATION TO CHARGE (OR CREDIT) DEPOSIT ACCOUNT
{This mode of payment may not be available at all IPEAs)

1PEA/ EP
Authorization to charge the total fees indicated above. Deposit Account No.: 2809.0002
(This check-box may be marked only if the conditions for Date: APRIL |3F 2014
deposit accounts of the IPEA so permit) Authorization F
to charge any deficiency or credit any overpaymcm in Name: H.A.M. MAagpSMAN
the total fees indicated above.

Signature:

Form PCT/IPEA/401 (Annex) (March 2001; reprint July 2001) See Notes to the fee calculation sheet
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The demand must be filed directly with the competent International Preliminary Examining Authority or, if two or more Authorities are competent,
with the one chosen by the applicant. The full name or two-letter code of that Authority may be indicated by the applicant on the line below:

1PEA/ EP
PCT | CHAPTER 11

DEMAND

E PQ - DG ]g under Article 31 of the Patent Cooperation Treaty:
undersigned requests that the international application specified below be the subject of
" international preliminary examination according to the Patent Cooperation Treaty and

Z 8 U 4 Zﬂ% hereby elects all eligible States (except where otherwise indicated).
For International Preliminary Examining Authority use only
143
Identification of IPEA Date of receipt of DEMAND

BoxNo.I . IDENTIFICATION OF THE INTERNATIONAL APPLICATION | ‘APplicant’s or agent’s file reference
X .
ox o P103060PC00

International application No. International filing date (day/month/year) (Earliest) Priority date (day/month/year)
PCT/US2013/047029 o 21-06-2013 - 21-6-2012

Title of invention )
Binders, Electrolytes and Separator Films for Energy Storage and Collection Devices Using Discrete Carbon Nanotubes

Box No. I APPLICANT(S)

Name and address: (Family name followed by given name; for a legal entity, full official designation. Telephone No.
The address must include postal code and name of country,

Molecular Rebar Design, LLC Facsimile No.
13477 Fitzhugh Road
Austin, Texas 78736 Teleprinter No.

Applicant’s registration No. with the Office

State (that is, country) of nationality: State (that is, country) of residence:

us us

Name and address: (Family name followed by given name; for a legal entity, full official designation. The address must include postal code and name of country,)

State (that is, country) of nationality: State (that is, country) of residence:

Name and address: (Family name followed by given name; for a legal entity, full official designation. The address must include postal code and name of country,)

State (that is, country) of nationality: State (that is, country) of residence:

D Further applicants are indicated on a continuation sheet.

Form PCT/IPEA/401 (first sheet) (March 2001; reprint July 2001) See Notes to the demand form
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Simciii 2' International application No.
eet No. A,

Box No. III  AGENT OR COMMON REPRESENTATIVE; OR ADDRESS FOR CORRESPONDENCE

The following person is E agent D common representative
and @ has been appointed earlier and represents the applicant(s) also for international preliminary examination.
D is hereby appointed and any earlier appointment of (an) agent(s)/common representative is hereby revoked.

is hereby appointed, specifically for the procedure before the International Preliminary Examining Authority, in addition to
the agent(s)/common representative appointed earlier.

Name and address: (Family name followed by given name; for a legal entity, full official designation. Telephone No.
he address must include postal code and name of country.) 070-4166711
Jansen, C.M. Facsimile No,
c/o V.O. 070-4166799
Johan de Wittlaan 7 Teleprinter No.
2517 JR The Hague
The Netherlands . S < i Agent’sregistration No, with the Office

I:l Address for correspondence: Mark this check-box where no ?%cnl or common representative is/has been appointed and the
space above is used instead to indicate a special address to which correspondence should be sent.

Box No.IV BASIS FOR INTERNATIONAL PRELIMINARY EXAMINATION

Statement concerning amendments:*
1. The applicant wishes the international preliminary examination to start on the basis of:
D the international application as originally filed
the description  |_] s originally filed
as amended under Article 34

the claims as originally filed

D as amended under Article 19 (together with any accompanying statement)
I:I as amended under Article 34

the drawings I:l as originally filed
D as amended under Article 34

2 D The applicant wishes any amendment to the claims under Article 19 to be considered as reversed.

3 I:l The applicant wishes the start of the international preliminary examination to be postponed until the expiration of 20 months
from the priority date unless the Intérnational Preliminary Examining Authority receives a copy of any amendments made
under Article 19 or a notice from the applicant that he does not wish to make such amendments (Rule 69.1(d)). (This check-
box may be marked only where the time limit under Article 19 has not yet expired.)

Where no check-box is marked, international preliminary examination will start on the basis of the international application
as originally filed or, where a copy of amendments to the claims under Article 19 and/or amendments of the international application
under Article 34 are received by the International Preliminary Examining Authority before it has begun to draw up a written opinion
or the international preliminary examination report, as so amended.

Language for the purposes of international preliminary examination: ERGIISHL..........c.cooovervoocese e
E which is the language in which the international application was filed.

I:I which is the language of a translation furnished for the purposes of international search.

]:I which is the language of publication of the international application.

D which is the language of the translation (to be) furnished for the purposes of international preliminary examination.

Box No.V ELECTION OF STATES

The applicant hereby elects all eligible States (that is, all States which have been designated and which are bound by Chapter Il of
the PCT)

excluding the following States which the applicant wishes not to elect:

Form PCT/IPEA/401 (second sheet) (March 2001; reprint July 2001) See Notes to the demand form
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International application No.
Sheet No. 3 y b

Box No. VI CHECK LIST

The demand is accompanied by the following elements, in the language referred to in For International Preliminary

Box No. IV, for the purposes of international preliminary examination: Examining Authority use only
received not received

1. translation of international application s sheets

2. amendments under Article 34 5 6 sheets

3. copy (or, where required, translation) of
amendments under Article 19 5 sheets

4. copy (or, where required, translation) of

000 0 00
OO0 O OO

statement under Article 19 : sheets
5. letter ; 2 sheets
6. other (specify) Sulo ~ dvithons 2atnom: b sheets

The demand is also accompanied by the item(s) marked below:

1 E fee calculation sheet 5. D statement explaining lack of signature
2.[] original separate power of attorney 6.[] sequence listing in computer readable form
3. E] original general power of attorney w4 |:] other (specify):

4, D copy of general power of attorney;
reference number, if any:

Box Ne. VII SIGNATURE OF APPLICANT, AGENT OR COMMON REPRESENTATIVE
Next to each signature, indicate the name of the person signing and the capacity in which the person signs (if such capacity is not ebvious from reading the demand).

/A

H.A-- MAeRsS M AN

For International Preliminary Examining Authority use only

1. Date of actual receipt of DEMAND:

2. Adjusted date of receipt of demand due
to CORRECTIONS under Rule 60.1(b):

3 D The date of receipt of the demand is AFTER the expiration of 19 months I:I The applicant has been
d from the priority date and item 4 or 5, below, does not apply. informed accordingly.

L—_l The date of receipt of the demand is WITHIN the period of 19 months from the priority date as extended by virtue of
Rule 80.5.

5 D Although the date of receipt of the demand is after the expiration of 19 months from the priority date, the delay in arrival
is EXCUSED pursuant to Rule 82.

For International Bureau use only

Demand received from IPEA on:

Form PCT/IPEA/401 (last sheet) (March 2001; reprint July 2001) See Notes to the demand form
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Qur letter of April 17, 2014
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Claims

1 A composition for use as a binder material, an electrolyte material or a
separator film material of an energy storage or collection device, comprising:

a plurality of discrete carbon nanotube fibers, said fibers having an aspect ratio
of from about 10 to about 500, and wherein at least a portion of the discrete
carbon nanotube fibers are open ended, wherein the portion of open ended

carbon nanotube fibers comprise electrolyte.

2. The composition of claim 1, wherein the electrolyte comprises a polymer
or a liquid.
3. The composition of any one of the preceding claims, wherein the carbon

nanotube fibers have a unimodal, bimodal, or multimodal distribution of
diameters and/or lengths.

4. The composition of claim 3, wherein 40% to 90% by number of the
discrete carbon nanotubes have an aspect ratio of 30-70.

5. .The composition of claim 3 or claim 4, wherein from 1% to 30% by
number of carbon nanotubes have an average aspect ratio 80-140.

6. The composition of claim 1, wherein the portion of discrete carbon
nanotubes that are open ended are ion conducting.

7. The composition of claim 6, further comprising additional inorganic

structures comprising elements of the groups two through fourteen of the

Periodic Table of Elements. .

8. The binder composition of claim 6 further comprising non-fiber carbon
structures selected from the group consisting of carbon black, graphite,
graphene, oxidized graphene, fullerenes, and mixtures thereof.

9.  The composition of claim 8, further comprising at least a portion of
discrete carbon nanotubes interspersed between graphene and/or oxidized
graphene plates.

10. The composition of claim 1, wherein the carbon nai_lotubes are oriented.

AMENDED SHEET
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11. The composition of claim 10, wherein the 6rientation is accomplished in
a sheet, micro-layer, micro-layer with vertical film orientation, film, molding,
extrusion, or fiber spinning fabrication method.

12. The composition of claim 10 or claim 11, wherein orientation includes
post fabrication methods, such as tentering, uniaxial orientation, biaxial
orientation and thermoforming.

13.. The composition of claim 1, further comprising at least one polymer.

14. The composition of claim 13, wherein the polymer is selected from the
group consisting of vinyl polymers, poly(styrene-butadiene), partially or fully

hydrogenated poly(styrene butadiene) containing copolymers, functionalized

- poly(styrene butadiene) copolymers such as carboxylated poly(styrene

butadiene), poly(styrene-isoprene), poly(methacrylic acid),
poly(methylmethacrylate), poly(acrylic acid), poly(vinylalcohols),
poly(vinylacetates), fluorinated polymers, polyvinylpyrrolidone, conductive
polymers, polymers derived from natural sources, polyethers, polyesters,
polyurethanes, and polyamides; homopolymers, graft, block or random co- or
ter-polymers, and mixtures thereof.

15.  The composition of claim 1, wherein the carbon nanotubes are further
functionalized.

16. The composition of claim 1, further comprising at least one dispersion
aid.

17.  The composition of claim 1, being a binder material having an
impedance of less than or equal to about one billion ohm-m.

18. The composition of claim 1, being a electrolyte material or separator film
having a charge transfer resistance of less than or equal to about 10 million
ohm-m,

19. - The composition of claim 1, being an electrode paste for a lead-acid
battery comprising:

discrete carbon nanotubes having an average length from about 400 to about

1400 nm; and

AMENDED SHEET
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polyvinyl alcohol.
20. A method for making a composition for use as a binder material, an
electrolyte material, or a separator film material, comprising the steps of:
a) adding carbon nanotubes to a liquid, solvent or polymer melt;
5 b) vigorous mixing such as with a sonicator or high shear mixer for a
period of time; and '

¢) continued mixing until a homogenous dispersion is obtained.

AMENDED SHEET
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Claims

1. A composition for use as a binder material, an electrolyte material or a
separator film material of an energy storage or collection device, comprising:

a plurality of discrete carbon nanotube fibers, said fibers having an aspect ratio
of from about 10 to about 500, and wherein at least a portion of the discrete

carbon nanotube fibers are open ended, wherein the portion of open ended

carbon nanotube fibers comprise electrolyte.

2. The composition of claim 1. wherein the electrolyte comprises a polymer

or a liquid.

. The composition of any one of the preceding claims, wherein the carbon

nanotube fibers have a unimodal, bimodal, or multimodal distribution of

diameters and/or lengths.
4. The composition of claim 3, wherein 40% to 90% by number of the

discrete carbon nanotubes have an aspect ratio of 30-70.

5. The composition of claim 3 or claim 4, wherein from 1% to 30% by

number of carbon nanotubes have an average aspect ratio 80-140. '

26. The composition of claim 1, wherein the portion of discrete carbon

nanotubes that are open ended are ion conducting.

T The 'compositiori of claim 26, further comprising additional inorganic
strﬁctures comprising elements of the groups two through fourteen of the

Periodic Table of Elements.

‘ 8. ‘The binder composition of claim 26 further comprising non-fiber carbon

structures selected from the group consisting of carbon black, graphite,
graphéne, oxidized graphene, fullerenes, and mixtures thereof.

‘ 9. The composition of claim 98, further comprising at least a portion of
discrete carbon nanotubes intersperéed between graphene and/or oxidized

graphene plates.

‘ 10. The cbmposition of claim 1, wherein the carbon nanotubes are oriented.

128



10

15

20

25

30

11. The composition of claim 10, wherein the orientation is accomplished in

a sheet. micro-layer, micro-layer with vertical film orientation, film, molding,
extrusion, or fiber spinning fabrication method.

12.  The composition of claim 10 or claim 11, wherein orientation includes
post fabrication methods, such as tentering, uniaxial orientation, biaxial
orientation and thermoforming.

13. The composition of claim 1, further coxﬁprising at least one polymer.
614. The composition of claim 13, wherein the polymer is selected from the
group consisting of vinyl polymers, poly(styrene-butadiene), partially or fully
hydrogenated poly(styrene butadiene) containing copolymers, functionalized
poly(styrene butadiene) copolymers such as carboxylated poly(styrene
butadiene), poly(styrene-isoprene), poly(methacrylic acid),
poly(methylmethacrylate), poly(acrylic acid), poly(vinylalcohols),
poly(vinylacetates), fluorinated polymers, polyvinylpyrrolidone, conductive
polymers, polymers derived from natural sources, polyethers, polyesters,
polyurethanes, and polyamides; homopolymers, graft, block or random co- or
ter-polymers, and mixtures thereof.

415. The composition of claim 1, wherein the carbon nanotubes are further
functionalized.

516. The composition of claim 1, further comprising at least one dispersion
aid.

1017. The composition of claim 1, wherein-the-being a binder material has-
having an impedance of less than or equal to about one billion chm-m.

1118, The composition of claim 1, where-the-being a electrolyte material or

separator film has-having a charge transfer resistance of less than or equal to

about 10 million chm-m.
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19. AsnaThe composition of claim 1, being an electrode paste for a lead-acid

battery comprising:
discrete carbon nanotubes having an average length from about 400 to about
1400 nm; and
polyvinyl alcohol.
20. A method for making a composition for use as a binder material, an
electrolyte material, or a separator film material, comprising the steps of:
a) adding carbon nanotubes to a liquid, solvent or polymer melt;
b) vigorous mixing such as with a sonicator or high shear mixer for a
period of time; and

¢) continued mixing until a homogenous dispersion is obtained.
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The Hague * Groningen ¢ Amhem * ‘s-Hertogenbasch
Amersfoort » Eindhoven * Munich * Regensburg = Leuven

Confirmation Copy

European Patent Office
D-80298 Munich
Germany

Your ref. PCT/US2013/047029
Our ref. MAS/P103060PC00

~e VO.

Patents & Trademarks

Vereenigde Octrooibureaux N.V.
Johan de Wittlaan 7

P.O. Box 87330

2508 DH The Hague

The Netherlands

Telephone +31 70 416 67 11
Telefax +31 70 416 67 99

H.Marsman@vo.eu
www.vo.eu

The Hague,
April 17, 2014
by facsimile

Re: International Patent Application No. PCT/US2013/047029

Molecular Rebar Design, LLC

I refer to the sub-authorization filed with the WIPO on April 16, 2014 (copy enclosed),

and request international preliminary examination (IPE) of the above-identified

international application. The Demand, please find attached.

In addition, I enclose a set of claims showing revisions and in retyped form as basis for

the IPE.

In this set of claims, claim 1 is amended by incorporation therein of the subject-matter

of claim 15 and of § [28], first sentence. Claim 16 (see also § [28]) is renumbered to new

claim 2.

Claim 3 is based on § [29]; pending claims 18 and 19, also supported by § [29] are

renumbered to claims 4 and 5.

.
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Present claim 2 is now claim 6 (see also § [40] of the application as filed); claims 7-9 are
adapted thereto. Present claims 12-14 are maintained as claims 10-12. Pending claims

3-6 are renumbered to claims 13, 15, 16 and 14, respectively.

Pending claims 10 and 11 are amended to clarify their intention and are renumbered to

claims 17 and 18.

Claim 19 is made dependent on claim 1. By introducing all claim limitations of claim 1

the unit-of-invention objection is overcome.
Claim 20 is maintained in the form as filed. I will however not comment thereon.

In the Written Opinion issued by the International Searching Authority, the novelty
and/or inventive step of the claims 1-18 as originally filed was contested based on

Applicant’s D1.

With new claim 1, novelty is established. While making the invention of D1, the
inventors did not recognize and hence did not disclose, nor is it inherent, that the open
ended tubes would contain electrolytes. D1 does not disclose nor suggest the subject-

matter of claim 1.

In addition, I note that claim 1 does not combine unrelated features. Because of the
combination of the aspect ratio and the open-endedness of at least a part of the carbon
nanotubes, a skilled man can by choice of the diameter of the tubes dictate how large a
molecule can fit inside the tubes. For this reason, the attached claims 3-5 are also

highly important.

[63] and Table 1 of the present application illustrate the effect of having electrolyte

present inside (part of) the nanotubes. The uptake of lithium perchorate and ethylene
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carbonate '(ECO) and propylene carbonate (PCO) electrolyte as a function of the wt.%

discrete carbon nanotubes in a polyvinylidene fluoride binder is described.

Nowhere in D1 is it recognized, nor could it be expected, that based on simple volume

filling of the inside of tubes to obtain the magnitude of the observed mass of uptake of

‘the electrolyte, and the associated enabling of improved ion transport and the

enhanced performance as a binder or separator film.

[69] of this applic.ation describes crystallization of a polyethylene gly(-:ol polymer in the
presence of discrete carbon nanotubes whereby the nanotubes reside in between crystal
lamellae, and also control crystal lamellae length. This is a “new structure” not
described in D1 which is very use.ful for electrolytes an.d binders as electrolytes are

hindered in transport through crystal lamellae.

In view of the above, I believe that the prior art, and especially D1, do not disclose nor
suggest the presently claimed invention. Hence, I request you to issue a favorable

IPRP.

Should you consider that some issues remain in respect of novelty and inventive step,
I request you, In accordance with Art 34(2)(a) PCT, to contact me by phone in order to

arrange for a telephonic discussion of the matter.

Encl.: - Amended claims (with revisions and clean version)
- PCT Demand Chapter II
- Sub-authorization : ' EK
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DOCKET NO. MORE-0012WO (137124.57) PATENT

Applicant: Molecular Rebar Design, LLLC, et al.
Application No.: PCT/US2013/047029

International Filing June 21, 2013
Date:

Earliest Priority Date:  June 21, 2012

For: BINDERS, ELECTROLYTES AND SEPARATOR FILMS FOR
ENERGY STORAGE AND COLLECTION DEVICES USING
DISCRETE CARBON NANOTUBES

WIPO

34, chemin des Colombettes
1211 Geneva 20
SWITZERLAND

Dear Sirs:
APPOINTMENT OF SUB-AGENT

T. Ling Chwang, as an agent appointed to represent the Applicant before all competent
authorities, hereby appoints the following sub-agent to represent the Applicant before the
International Searching Authority and the International Preliminary Examining Authority.

Harrie A.M. Marsman, MS¢, European Patent Attorney, Vereenigde Octrooibureaux
N.V., Johan de Wittlaan 7, P.O. Box 87930, 2508 DH The Hague, THE NETHERLANDS

Any questions should be directed to the undersigned agent.

Date:_April 16,2014 Respectfully submitted,
By: Z < a C,L«.ﬂ. >
T. Ling Chwang :

Reg. No. 33,590

Jackson Walker L.L.P.

901 Main Street, Suite 6000
Dallas, TX 75202

Tel: (214) 953-5959

Fax: (214) 661-6870

10382120v.1
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PATENT COOPERATION TREATY

From the

INTERNATIONAL PRELIMINARY EXAMINING AUTHORITY PCT

To:
JANSEN, G.M.
V.O. NOTIFICATION OF RECEIPT
Johan de Wittlaan 7 OF DEMAND BY COMPETENT INTERNATIONAL
NL-2517 JR Den Haag PRELIMINARY EXAMINING AUTHORITY
PAYS-BAS

(PCT Rules 59.3(e) and 61.1(b), first sentence
and Administrative Instructions, Section 601(a))

Date of mailing
(day [month year)

25-04-2014
Applicant’s or agent’s file reference , AT .
P103060PC00 IMPORTANT NOTIFICATION
International application No. International filing date (day/monih year) Priority date (day/month/year)
PCT/US2013/047029 21 June 2013 (21-06-2013) 21 June 2012 (21-08-2012)
Applicant

Molecular Rebar Design, LLC

The applicant is hereby notified that this [nternational Preliminary Examining Authority considers the following date as the
date of receipt of the demand for international preliminary examination of the international application:

17 April 2014 (17-04-2014)

2. This date of receipt is:

the actual date of receipt of the demand by this Authority (Rule 61.1(b)).
D the actual date of receipt of the demand on behalf of this Authority (Rule 59.3(e)).

the date on which this Authority has, in response to the invitation to correct defects in the demand
(Form PCT/IPEA /404), received the required corrections.

3. ATTENTION: That date of receipt is after the expiration of 19 months from the priority date. Consequently, in respect

of some Offices, the demand does not have the effect of postponing the entry mto the national phase until 30 months from
the priority date (or later in some Offices) (Article 39(1)) and the acts for entry into the national phase must therefore be
performed within 20 months from the priority date (or later in some Offices). However, in respect of some other Offices,
the time limit of 30 months (or later) may nevertheless apply. See the Annex to Form PCT/IB/301 and, for details about the

applicable time limits, Office by Office, see the PCT Applicant’s Guide, Volume 11, Natienal Chapters and the WIPO
Internet site.

I:l (If applicable) This notification confirms the information given by telephone, facsimile transmission or in person
on:

4. Only where paragraph 3 applies, a copy of this notification has been sent to the International Bureau.

. QG\\Q,S Pa tenra%
i

3
9 .
-::m 2
Name and mailing address of the IPEA Authorized officer & 2
" o
European Patent Office i ; - - 2 9
D-80298 Munich Almalé Murillo, José-Antonio % F
i 0) Tel. { +49-89) 2399-0 Tel: (+49-89)2399-8059 B éﬁ
Fax: [ +49-89) 2399-4465 o 5
o QQ?-
Form PCT/IPEA/402 (April 2002; reprint January 2004) % ©

By, P
%ng aad
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Zur Kasse

PCT

.0,

PaG.

CHAFTER 1L

FEE CALCULATION SHEET

Annex to the Demand

For International Preliminary Examining Authority use only -

Molzcular Rebar Design, LI1.C

e e, PCT/US2013/047029

Applicant's or ageal’s DNate stamp of the TPEA
file reference P103080PC0O0 |

Applicant

CALCULATION OF PRESCRIBED FEES

1. Preliminary exarnination fee

1920] 7 |

2, Handling fee (Appliconts from cerlain Siates are
entitled to a reduction of 75% of the handling fee.
Where the applicant is {or oll applicants are) so

depostt aecounts of the IPEA so permit) Authorization
12 chargze any deficiency ot credit any overpayment in
the total fees indicated above.

entitled, the amount tq be ertered ot H is 25% of the
P e T l 163 | H
3. Total of preseribed fees
Add the amounts entered a1 F and H 2003
and enter total in the TOTAL BOX . s s
TOTAL
MODE OF PAYMENT
@ authorization to charge deposit |:| cash
account with the TPEA (see below)
D cheque D revenuc statmps
I:] postal moncy ordet D coupons
EI bank deaft E:l ather (speciiy:
AUTHORIZATION TO CHARGE (OR CREDIT) DEPOSIT ACCOUNT
[This mode of payment may mot be avatlable g all [PEAs)
rEA/ EP
Authorization to charge the total fees indicated above, Deposit Ascount No: 2809 0002
(This check-box mey ba marked only if the conditions for Date: _AP21 ( 132, 201 “

Namec: _.H AN M

T M AR

e

Fignarure:

Form PCT/IPEA/MM {Annex) (March 2001; reprint July 2001}

See Notas io the fee caloulation sheet

13/14

Duration: 17.04.2014 09:50:08 - 17.04.2014 09:52:39. This page 13 of 14 was completed at 17.04.2014 09:52:31

Received at the EPO on Apr 17, 2014 09:52:39. Page 13 of 14
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The demand st be filed divectly with the comparern Irzermational Preliminary Examining Authority ar, if two or more Authorities are competert,
Yeith the one chosen by the applicmmt. The fill name or two-lotter code of that Avthority meny be indicated by the applicant on the fing below:

weA/ EP

PCT CHAPTER I
DEMAND

under Article 31 of the Patent Coopergtion Treaty: .

The undersigned n:?u.ests that the ioternational application specified below be the subject of
international preliminary examination according to the Patent Cooperation Treaty and
hereby clects all eligible States (except where otherwise indicated).
For Internatiomal Preliminary Examining Authotity use only
TIdentification of IPEA EP Date of receipt of DEMAND 17-04-2014

Box No. I IDENTIFICATION OF THE INTERNATIONAL AT PLICATION : ‘ ‘

Tnternational application Na. International filing date (dewmentivyear) (Earliest) Priovity dete (dayimonthivear?
PCT/US2013/047029 21-06-2013 21-6-2012

Title of inventioh
Binders, Electrelytes and Separator Fiims for Energy Storage and Collestion Devices Using Discrete Carbon Nanotubes

Box No. Il APPLICANT(S)

Name and addross: (Family nome follawed by elver name; for a legal ensity, il aftcial designation, Telephone No.
address st et p%.ﬂal code andﬁnamsgg_fqlmum?;{ o &

Molecular Rebar Design, LLC TFacsimile No.
13477 Fitzhugh Road
Austin, Texas 78736 Teleprinter e,

Applicant’ s regigtration No., with the Office

State (that iv, country) of nationality: State (thar is, country) of residence:

us us

Name and address: Family name jaliovied by grven name; jor a legal ety il officlal destgrution. The addhess tust include postel code and name of ovtry)

State (e Is, connrry) of nationality: State (ihat is, cowmry) of residence:

Name and address: Fomily rome ollowad by gven name; for o legal entity, Sl official duigranmn. The adsress must inelude postal code ard fome of ey}

State (that is, country) of nationality: State (that i, couttiry) of residence:

L__l Further applicants are indicated on & continuation sheet.

Form PCT/IPEAMO1 (first sheetd (March 2001: reprint July 2001) See Notes 1o the demand form

Duration: 17.04.2014 09:50:08 - 17.04.2014 09:52:39. This page 10 of 14 was completed at 17.04.2014 09:51:49

Received at the EPO on Apr 17, 2014 09:52:39. Page 10 of 14
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International application Mo,
Sheet Na. )-'

Box Na. TIT  AGENT OR COMMON REPRESENTATIVE; OR ADDRESS FOR CORRESPONDENCE

The following person. 15 ]E agent D common representative
and EI has been appoinied earlier and repressits the applicant(s) alse for international preliminary examination,
|:| iz hereby appointed and any earlier appointment of (an) agent{s)/commeon represettative is herehy revoked,

is hereby appointed, specifically for the procedure before the International Praliminary Examining Authority, in additien to
the agent(s)/commeon representative appointed eatlisr,

Wamne and address: (Family name foflowed by given name: for a legal ernity, full offtcial designation. Telephone No.
he address mnst nelede posial code aid #ame af cownrr.] 070-4166711
Jansen, C.M. Facsimile No.
c/o V.0, 070-4166799
Johan de Wittlaan 7 Teleprimter No.
2517 JR The Hague
The Metheriands Agent'y registration No. with the Orlfice

l:l Address for correspondence: Mark this check-box where no agent or common representative is/has been appeinted and the
space above is used instead to indieate n epecinl address to which correspondence should he sent.

Bax No.TV BASIS FOR INTERNATIONAL PRELIMINARY EXAMINATION

Statement concerming amendments:®

1. The applicant wishes the international preliminary examination to start on the basis of:
I:l the intemational application as originally filed
the description ]:l as originally filed

as armended under Article 34

the slairs [] as originally filed
D as amended under Article 19 {together with any accompanying stattinett)
|:| as amended undar Article 34

the drawings I:l as ariginally filed
|:| a3 amended under Article 34

2. D The applicant wishes any amendment to the clamms under Article 19 to be eonsidered as reversed,

3. |:| The applicant wishes the start of the international preliminary examination to he postponed until the expiration of 20 months
from the priority date unless the Internationat Preliminary Examining Authetity receives a copy of any amendments made
under Article 19 or a notice from the applicant that he does not wish to make such nmendments (Rule 69.1¢d)). (This check-
bex may be marked orly where the time limit under Ariicle 19 has not yel expired.)

* Where no check-box is marked, international preliminary examination will start on the basis of the international application
as ariginally filcd ot, where a copy of ammendments to the claims undzr Article 19 end/or amendmerits of the international application
under Article 34 are received by the International Preliminary Examining Authority before it has begun to draw up a written opiniot
ot the internarional preliminary examination report, as so amended.

Language for the purposes of internstional preliminary examination: Eniglish
which is the languags in which the international application was filed.

[:I which is the language of a transiation furnished for the purposes of international search.
m which iz the language of publication of the international application.
D which is the language of the transtation (to be) furnished for the purposes of international preliminary examination.

Box No. V. ELECTION OF STATES

The applicant heteby elects all eligible Stares (thar is, all Svates which have been designated and which are bownd by Chapter 1T of
the PCT)

excluding the following States which the applicant wishes not to elect:

Foim PCT/IPEA/MQ! (second sheet) (March 2001; reprint July 2001) See Motex to the detrand form
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3 Internationsl application No.
Shect No. 3.
Box Mo, VI CHECK LIST
The demand is accompanicd by the fallowing slements, in the language referred to in For Intornational I mlim*"“"lf
Box No. [V, for the purposes of international preliminary examination: Examining Authority use only
recetved not received
1. translation of inlernational application : sheets D EI
2. amendments under Article 34 : 6 sheets EI I:I
3. copy (or. whare required, translation) of
amendments utder Article 19 : sheets E:I D
4. copy (or, where roquited, translation) of
siatement under Article 19 shects D I:.‘
5. letter 2 shects O L]
6. other (fpecifi? Dubn ~ duichant 2atmom: 1 sheets D lj
The demand is also seccompanied by the item(s) merked below:
1. fee calculation sheet 5. [ statement cxplaining lack of signature
2.[] original scparate power of attorney 6. D sequence listing in computer readable form
3 L__| original gencral powet of attorney 7. ]:l other (specifiy):
4, I:I copy of peneral power of attorney;
teference number, if any:
Box No. VIT SIGNATURE OF APTLICANT, AGENT OR COMMON REPRESENTATIVE
Next o eoch signature, indicate the name of the person slgming and the capacity in which the persor: signs (if such capactty is not abvious from raading the demand).,
HAM MagsMARN
For Interpational Preliminary Examining Authority use only
1. Date of aetual receipt of DEMAND:
17-04-2014
2. Adjusted date of receipt of demand due
to CORRECTIONS under Rule 60.1(b):
3 The date of reccipt of the demand is APTER the expiration of 19 moenths The applicant has been
’ Q from the priority date and item 4 ot 5. below, does not apply. Q informed aceqrdingly.
4 The date of receipt of the demand is WITHIN the petiod of 1% months from the priority date as extended by virtus of
" D Rule §0.5.
5 l:l Although the date of receipt of the demand is afier the expiration of 19 months from the priority date, the delay in arrival
’ is EXCUSED pursuant to Rule §2.
For International Burcau nse only
Demand received from TPEA on:
Form PCTAPEA/MO] (last sheet) (March 2001; reprint Tuly 2001} See Notes to the demand form
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Claims

1 A composition fox use as a binder material, an electrolyte material or a
separator film material of an energy storage or collection device, comprising:

a plurality of discrete carbon nanotube fibers, said fibers having an aspect ratio
of from ahout 10 to about 500, and wherein at Jeast a portion of the discrete
carbon nanotube fibers are open ended, wherein the portion of open ended

carbon nanotube fibers comprise electrolyte.

2. The composition of claim 1, wherein the electrolyte comprises a polymer
or a liguid.
3. The composition of any one of the preceding claims, wherein the carbon

nanotube fibers have a unimodal, bimodal, or multimodal distribution of
diameters and/or lengths.

4, The composition of claim 3, wherein 40% to 90% by number of the
discrete carbon nanotubes have an aspect ratio of 30-70.

5. The composition of claim 3 or claim 4, wherein from 1% to 30% by
number of carbon nanotubes have an average aspect ratio 80-140.

6. The composition of claim 1, wherein the portion of discrete earbon
nanotubes that are open ended are ion conducting.

7. The composition of ¢claim 6, further comprising additional inorganic
structures comprising elements of the groups two through fourteen of the
Periodic Table of Elements.

8. The binder composition of ¢laim 6 further comprising non-fiber carbon
structures selected from the group consisting of carbon black, graphite,
graphene, oxidized graphene, fullerenes, and mixtures thereof.

9. The composition of claim 8, further comprising at least a portion of
discrete carbon nanotubes interspersed between graphene and/or oxidized
graphene plates.

10. The composition of claim 1, wherein the carbon nanotubes are oriented.

AMENDED SHEET

Dumﬁon:j10420140950ﬂ8-11042014095239.Tmspa9970f14wascomMemdat17042014095122
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11. The composition of claim 10, wherein the 6rientation is accomplished in
a sheet, micro-layer, micro-layer with vertical film orientation, film, molding,
extrugion, or fiber spinning fabrication method.

12.  The composition of claim 10 or claim 11, wherein orientation includes
post fabrication methods, such as tentering, uniaxial orientation, biaxial
orientation and thermoforming.

18.  The composition of claim 1, further comprising at least one polymer.
14. The composition of ¢claim 13, wherein the polymer is gelected from the
group consisting of vinyl polymers, poly(styrene-butadiene), partially or fully
hydrogenated poly(styrene butadiene) containing copolymers, functionalized
poly(styrene butadiene) copolymers such as carboxylated poly(styrene
butadiene), poly(styrene-isoprene), poly(methacrylic acid),
poly(methylmethacrylate), poly(acrylic acid), poly(vinylalcohols),
poly(vinylacetates), fluorinated polymers, polyvinylpyrrolidone, conductive
polymers, polymers derived from natural sources, polyethers, polyesters,
polyurethanes, and polyamides; homopolymers, graft, block or random co- or
ter-polymers, and mixtures thereof.

15. The composition of claim 1, wherein the carbon nanotubes are further
functionalized.

16. The composition of claim 1, further comprising at least one dispersion
aid.

17. The composition of claim 1, being a binder material having an
impedance of less than or equal to about one billion chm-1m.

18. The composition of claim 1, being a electrolyte material or separator film
having a charge transfer resistance of less than or equal to about 10 million
ohm-m.

19. The composition of claim 1, being an electrode paste for a lead-acd
battery comprising:

discrete carbon nanotubes having an average length from about 400 to about

1400 nm; and

AMENDED SHEET

agd 14
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polyvinyl alcohol.

20. A method for making a composition for use as a binder material, an
electrolyte material, or a separator film material, compriging the steps of:
a) adding earbon nanotubes to a liquid, solvent or polymer melt;
B b) vigorous mixing such as with a sonicator or high shear mixer for a
period of time; and

¢) continued mixing until a homogenous dispersion is obtained.

AMENDED SHEET
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Claims

1. A composition for use as a binder material, an electrolyte material or a
separator film material of an energy storage or collection device, compriging:

a plurality of discrete carbon nanotube fibers, said fibers having an aspect ratio
of from about 10 to about 500, and wherein at least a portion of the discrete
carbon nanotube fibers are open ended, wherein the portion of open ended
carbon_nanotube fibers comprise slectrolyte.

2. The composition of claim 1. wherein the electrolyte comprises 3 polymer

or a higuid.
3. The composition of any one of the preceding claims. wherein_the carbon

nanotube fibers have a unimodal, bimodal,_or multimodal distribution of
diameters and/oxr lengths.

4. The composition of claim 3. wherein 40% to 90% by number of the

diserete carbon nanotubes have an_aspect ratio of 30-70.

b. The composition of claim 3 or claim 4, wherein from 1% to 30% by
number of carhon nanotubes have an average aspect ratio 80-140.

26.  The composition of claim 1, wherein the portion of discrete carbon
nanotubes that are open ended are ion conducting.

7. The composition of claim 26, further comprising additional inorganic
structures comprising elements of the groups two through fourteen of the
Periodic Table of Elements.

8. The binder composition of ¢claim 26 further comprising non-fiber carbon
structures selected from the group consisting of carbon black, graphite,
graphene, oxidized graphene, fullerenes, and mixtures thereof.

9. The composition of claim 88, further comprising at least a portion of
discrete carbon nanotubes interspersed between graphene and/ox oxidized

graphene plates.

I 10. The composition of claim 1. wherein the earbon nanotubes are griented.

ad/14
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11. The composition of claim 10, wherein the orientation is accomplished in

a sheet, micro-layer, micro-laver with vertical film orientation. film, molding,

extrusion, or fiber spinning fabrication method.
12.  The composition of claim 10 or claim 11, wherein orientation icludes

post fabrication methods, such as tentering, uniaxial orientation, hiaxial
orientation and thermoforming.

13. The composition of claim 1, further comprising at least one polymer.
614. The composition of claim 13, wherein the polymer is selected from the
group consisting of vinyl polymers, poly(styrene-butadiene), partially or fully
hydrogenated poly(styrene butadiene) containing copolymers, functionalized
poly(styrene butadiene) copolymers such as carboxylated poly(styrene
butadiene), poly(styrene-isoprene), poly(methacrylic acid),
poly(methylmethacrylate), poly(acrylic acid), poly(vinylalcohols),
poly({vinylacetates), fluorinated polymers, polyvinylpyrrolidone, conductive
polymers, polymers derived from natural sources, polyethers, polyesters,
polyurethanes, and polyamides; homopolymers, graft, block or random co- or
ter-polymers, and mixtures thereof.

415. The composition of claim 1, wherein the carbon nanotubes are further
functionalized.

516. The composition of claim 1, further comprising at least one daspersion
aid.

1017. The composition of claim 1, wherein the being a binder material has-
having an impedance of less than or equal to about one billion ohm-m.

1118. The composition of claim 1, whexre-the-being a electrolyte material or
separator film hes-having a charge transfer resistance of less than or equal to

about 10 million chm-m.

19 The e moii o o alaive 1 o amhorain-the earben-ponotabes are aranted
b F=p RGO PasTrIoR o PR W Re T O nc et R oS Are-aTIoRTEer
1 MM oot o ofolairm 13— hapaies +lm st tbaom 10 Aaon wanliahed 17
2 1-FE-CO TR PEeaTrI0T Ot RO Te - ST R ees =
oot 1 FErN-P- lasras “n-l-'h "n-w-d--inn'l N B mtnts FHlra rmaldiaes
£ n.":h\.,: ey M,;.a."l"c AV EL; A-uu-r LR rHioal- -0 rIeRTR IO T ey
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19. AnThe composition of claim_1, being an electrode paste for a lead-acid

battery comprising:
discrete carbon nanotubes having an average length from about 400 to about
15 1400 nm; and
polyvinyl alcohol.
20. A method for making a composgition for nse as a binder material, an
electrolyte material, or a separator film material, comprising the steps of:
a) adding carbon nanotubes to a liquid, solvent or polymer melt;
20 b) vigorous mixing such as with a sonicator or high shear mixer for a
period of time; and

¢) continued mixing until 2 homogenous dispersion is obtained.
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For Intemetionz) Preliminary Examining Authority usc only ==
e, PCT/US2013/047029
Applicact’s or agenl’s Date stamp of the IPEA
flercference — P103060PCO0 :
Applicant

Molccular Rebar Design, L1.C

CALCULATION OF PRESCRIBED FEES

1. Preliminary exemination fec l

1930 |

2, Handling fee (Applicants ;-om cerlain States are
entitled to a reduction of 75% of the handling fee.
Where the applicant is (or all applicanis are) $0
entitled, the amount to be entered at H is 25% of the l
by e R R <

1B3m

3. Total of prescribed fees
Add the amounts entered a1 F and H
and enter toml in the TOTAL BOX uoummnmissrnsieee

2093

TOTAL

MODE OF PAYMENT

authorization to charge deposit cash

account with the TPEA (see below)
cheque

postal moncy order coupons

000
OoQooad

bank draft

revenuc stamps

other (specifiy):

(This mode of payment may not be avatlable ai all IPEAS)

Authorization to charge the total fees indicated above,

(This check-bax may be marked only if the eonditions for
deposit aecounts of the IPEA so permit) Authorization
10 charge any deficiency of credit eny overpayment in
the total fees indicated above.

AUTHORIZATION TO CHARGE (OR CREDIT) DEPOSIT ACCOUNT

1pea/ EP.

Deposit Account No.: 2809.0002

Dete: APRIL 13, 2014

Neme: MARSMAN)

Signamre:

Form PCT/TPEA/401 (Annex) (March 2001; reprint July 2001)

See Notex lo the fee caloulation sheet
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Eurcpean Patent Office
D-30298 Munich
Germany

Your ref. PCT/US2013/047029
Qur ref. MAS/P103060PC00

W.a. PaE. B1/14

~,.VO.

Patents & Trademarks

Vereenigde Octrooibureaux N.V.
Johan de Wittlaan 7

P.Q. Box 87930

2508 DH The Hague

Tha Netheriands

Telephone +31 70 416 67 11
Telefax +31 70 416 67 99

H.Marsmani@vo.eu
WAL, VOB

The Hague,
April 17, 2014
by facsimile

ERe: International Patent Application No. PCT/US2013/047029

Molecular Rebar Design, LLC

I refer to the sub-authorization filed with the WIPO on April 16, 2014 (copy enclosed),

and request international preliminary examination (IPE) of the above-identified

international application. The Demand, please find attached.

5 In addition, I enclose a set of claims showing revisions and in retyped form as basis for

the TPE.

In this et of claims, claim 1 is amended by incorporation therein of the subject-matter

of claim 15 and of § [28], first sentence. Claim 16 (see also § [28]) is renumbered to new

10 claim 2.

Claim 3 is based on § [29]; pending claims 18 and 19, also supported by § [29] are

renumbered to claims 4 and 5.
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Tour ref, PCT/UIS2013/04702%/
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Date April 17, 2014 Patente & Trodemarks

Present claim 2 is now claim 6 (see also § [40] of the application as filed); claims 7-O are
adapted thereto. Present claims 12-14 are maintained as claims 10-12. Pending claima

3.6 are renumbered to claims 13, 15, 16 and 14, respectively.

Pending claims 10 and 11 are amended to clarify their intention and are renumbered to

claims 17 and 18.

Claim 19 is made dependent on claim 1. By introducing all claim limitations of glaim 1

the unit-of-invention objection is overcome.
Claim 20 is maintained in the form as filed. I will however not comment thereon.

Tn the Written Opinion issued by the International Searching Authority, the novelty
and/or inventive step of the claims 1-18 as originally filed was contested based on
Applicant’'s D1.

With new claim 1, novelty is established. While making the invention of D1, the
inventors did not recognize and hence did not disclose, nor is it inherent, that the open
ended tubes would contain electrolytes. D1 does not disclose nor suggest the aubject-

matter of elaim 1.

In addition, I note that claim 1 does not combine unrelated features. Because of the
combination of the aspect ratio and the open-endedness of at least a part of the carbon
panctubes, a skilled man can by choice of the diameter of the tubes dictate how large a
molecule can fit inside the tubes. For this reason, the attached claims 3-b are also

highly important.

[63] and Table 1 of the present application illustrate the effect of having electrolyte

present inside (part of} the nanotubes. The uptake of lithium perchorate and sthylene
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Your ref. PCT/US2013/047029/
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Date Apl‘il 17, 20 14 Patents & Trademarks

carbonate (ECO) and propylene carbonate (PCO) electrolyte as a function of the wt.%

discrete carbon nanotubes in a polyvinylidene fluoride binder is described.

Nowhere in D1 is it recognized, nor could it be expected, that based on simple volume
5 filling of the inside of tubes to obtain the magnitude of the ohserved mass of uptake of
the electrolyte, and the associated enabling of improved ion transport and the

enhanced performance as a hinder or separator film.

[69] of this application describes erystallization of a polyethylene glycol polymer in the
10 presence of discrete carbon nanotubes whereby the nanotubes reside in between crystal

lamellas, and also control erystal lamellae length. This is a “new structure” not

described in D1 which is very useful for electrolytes and binders as electrolytes are

hindered in transport through crystal lamellae.

i5  In view of the above, I believe that the prior art, and especially D1, do not disclose nor
suggest the presently claimed invention. Hence, I reguest you to issue a favorable
TPRP.

Should you consider that some issues remain in respect of novelty and inventive step,
20 I request you, In accordance with Art 34(2)(a) PCT, to contact me by phone in order to

arrange for a telephonic discussion of the matter.

AM Marsman
Encl: - Amended claims (with revisions and clean version)
- PCT Demand Chapter IT
- Bub-authorization EK
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DOCKET NO. MORE.0012WO (137124.57) PATENT
Applicant: Moleeular Rebar Design, LLC, et al.
Application No.: PCT/AUS2013/047029

International Filing June 21, 2013
Date:

Earliest Priority Date:  June 21, 2012

For: BINDERS, ELECTROLYTES AND SEPARATOR FILMS FOR
ENERGY STORAGE AND COLLECTION DEVICES USING
DISCRETE CARBON NANOTUBES

WIPO
34, chemin des Colombettes

1211 Geneva 20)
SWITZERLAND

Dear Sirs:

APPOINTMENT OF SUB-AGENT

T. Ling Chwang, as an agent appointed to represent the Applicant before all competent
authorities, hereby appoints the following sub-agent to represent the Applicant before the
International Searching Authority and the International Preliminary Examining Authotity.

Harrie A.M. Marsman, MSc, European Patent Attorney, Vereenigde Octrooiburcaux
N.V., Johan de Wittlaan 7, P.O. Box 87930, 2508 DH The Hague, THE NETHERLANDS

Any guestions should be directed to the undersigned agent.

Date:_April 16, 2014 Respectfully submitted,

o T L Cloay

T. Ling Chwang
Reg. No. 33,590

Jackson Walker L.L.P.

901 Main Street, Suite 6000
Dallas, TX 75202

Tel: (214) 953-5959

Fax: (214)661-6870
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International application No.
INTERNATIONAL SEARCH REPORT PCT/US2013/047029
Box No.ll  Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. D Claims Nos.:
because they relate to subject matter not required to be searched by this Authority, namely:

2. D Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such
an extent that no meaningful international search can be carried out, specifically:

3. |:I Claims Nos.:
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. lll  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

see additional sheet

1 As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2 D As all searchable claims could be searched without effort justifying an additional fees, this Authority did not invite payment of
additional fees.

3. As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:
1-18, 20
Remark on Protest The additional search fees were accompanied by the applicant's protest and, where applicable, the

payment of a protest fee.

The additional search fees were accompanied by the applicant's protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

|:| No protest accompanied the payment of additional search fees.

Form PCT/NSA/210 (continuation of first sheet (2)) (April 2005)
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International Application No. PCT/ US2013/ 047029

FURTHER INFORMATION CONTINUED FROM PCT/SA/ 210

This International Searching Authority found multiple (groups of)
inventions in this international application, as follows:

1. claims: 1-18, 20

A composition for use as a binder material, an electrolyte
material or a separator film material of an energy storage
or collection device, comprising:

a plurality of discrete carbon nanotube fibers, said fibers
having an aspect ratio of from about 10 to about 500, and
wherein at least a portion of the discrete carbon nanotube
fibers are open ended.

or

a method for making a composition for use as a binder
material, an electrolyte material, or a separator film
material, comprising the steps of:

a) adding carbon nanotubes to a liguid, solvent or polymer
melt;

b) vigorous mixing such as with a sonicator or high shear
mixer for a period of time; and

c) continued mixing until a homogenous dispersion is
obtained.

2. claim: 19

An electrode paste for a lead-acid battery comprising:
discrete carbon nanotubes having an average length from
about 400 to about 1400 nm; and polyvinyl alcohol.
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(57) Abstraet: In various embodiments an improved binder composition, electrolyte composition and a separator film composition
using discrete carbon nanotubes. Their methods of production and utility for energy storage and collection devices, like batteries, ca -
pacitors and photovoltaics, is described. The binder, electrolyte, or separator composition can further comprise polymers. The dis -
crete carbon nanotubes further comprise at least a portion ol the tubes being open ended and/or functionalized. The utility of the
binder, electrolyte or separator film composition includes improved capacity, power or durability in energy storage and collection
devices. The utility of the electrolyte and or separator film compositions includes improved ion transport in energy storage and col -
lection devices.
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WRITTEN OPINION OF THE International application No.
INTERNATIONAL SEARCHING AUTHORITY PCT/MAS2013047029

Box No.| Basis of the opinion

1. With regard to the language, this opinion has been established on the basis of:
& the international application in the language in which it was filed

O atranslation of the international application into , which is the language of a translation furnished for the
purposes of international search (Rules 12.3(a) and 23.1 (b)).

2. O This opinion has been established taking into account the rectification of an obvious mistake authorized
by or notified to this Authority under Rule 91 (Rule 43bis.1(a))

3. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, this
opinion has been established on the basis of a sequence listing filed or furnished:

a. (means)
O onpaper
O in electronic form
b. (time)
[ in the international application as filed
O together with the international application in electronic form
[0 subsequently to this Authority for the purposes of search
4. O In addition, in the case that more than one version or copy of a sequence listing has been filed or furnished,
the required statements that the information in the subsequent or additional copies is identical to that in the
application as filed or does not go beyond the application as filed, as appropriate, were furnished.

5. Additional comments:

Form PCTASA/237 (April 2007)
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WRITTEN OPINION OF THE International application No.
INTERNATIONAL SEARCHING AUTHORITY PCT/MUS2013047029

Box No. lll Non-establishment of opinion with regard to novelty, inventive step and industrial
applicability

The guestions whether the claimed invention appears to be novel, to involve an inventive step (to be non
obvious), or to be industrially applicable have not been examined in respect of

O the entire international application
B claims Nos. 19
because:
O the said international application, or the said claims Nos. relate to the following subject matter which does
not require an international search (specify):
(] the description, claims or drawings (indicate particular elements below) or said claims Nos. are so unclear
that no meaningful opinion could be formed (specify):
O the claims, or said claims Nos. are so inadequately supported by the description that no meaningful opinion
could be formed (specify):
& no international search report has been established for the whole application or for said claims Nos. 19
O a meaningful opinion could not be formed without the sequence listing; the applicant did not, within the
prescribed time limit:
O furnish a sequence listing on paper complying with the standard provided for in Annex C of the
Administrative Instructions, and such listing was not available to the International Searching
Authority in a form and manner acceptable to it.
O furnish a sequence listing in electronic form complying with the standard provided for in Annex C
of the Administrative Instructions, and such listing was not available to the International Searching
Authority in a form and manner acceptable to it.
LI pay the required late furnishing fee for the furnishing of a sequence listing in response to an
invitation under Rules 13ter.1(a) or (b).
00 See Supplemental Box for further details

Form PCTASA/237 (April 2007)
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WRITTEN OPINION OF THE International application No.
INTERNATIONAL SEARCHING AUTHORITY PCT/MAS2013047029

Box No. IV Lack of unity of invention

1. B Inresponse to the invitation (Form PCTASA/206) to pay additional fees, the applicant has, within the
applicable time limit:

O paid additional fees

O paid additional fees under protest and, where applicable, the protest fee

0 paid additional fees under protest but the applicable protest fee was not paid
&

not paid additional fees

2. [0 This Authority found that the requirement of unity of invention is not complied with and chose not to invite
the applicant to pay additional fees.

3. This Authority considers that the requirement of unity of invention in accordance with Rule 13.1, 13.2and 13.3 is

O complied with
B not complied with for the following reasons:

see separate sheet

4. Consequently, this report has been established in respect of the following parts of the international application:
O all parts.

& the parts relating to claims Nos. 1-18, 20

Box No.V Reasoned statement under Rule 43bis.1(a)(i) with regard to novelty, inventive step or
industrial applicability; citations and explanations supporting such statement

1. Statement

Novelty (N) Yes: Claims

No: Claims 1-18, 20
Inventive step (IS) Yes: Claims

No: Claims 1-18, 20
Industrial applicability (1A) Yes: Claims 1-18. 20

No: Claims

2. Citations and explanations

see separate sheet

Form PCTASA/237 (April 2007)
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WRITTEN OPINION OF THE International application No.
INTERNATIONAL SEARCHING AUTHORITY PCT/US2013/047029

Box No. VIl Certain observations on the international application

The following observations on the clarity of the claims, description, and drawings or on the question whether the
claims are fully supported by the description, are made:

see separate sheet

Form PCTASA/237 (April 2007)
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Date of mailing
(day/monthiyear) see form PCTASAR210 (second sheet)

Applicant’s or agent’s file reference FOR FURTHER ACTION

see form PCT/ASAR20 See paragraph 2 below

International application No. International filing date (day/meonthiear) Priority date (day/monthjyear)
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International Patent Classification (IPC) or both national classification and IPC
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Box No. IV Lack of unity of invention

Box No.V  Reasoned statement under Rule 43bis.1(a)(i) with regard to novelty, inventive step and industrial
applicability; citations and explanations supporting such statement

Box No. VI Certain documents cited

Box No. VIl Certain defects in the international application
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Box No. VIII  Certain observations on the international application
2. FURTHER ACTION

If a demand for international preliminary examination is made, this opinion will usually be considered to be a
written opinion of the International Preliminary Examining Authority ("IPEA") except that this does not apply where
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International Bureau under Rule 66.1bis(b) that written opinions of this International Searching Authority
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If this opinion is, as provided above, considered fo be a written opinion of the IPEA, the applicant is invited to
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WRITTEN OPINION OF THE International application No.
INTERNATIONAL SEARCHING
AUTHORITY (SEPARATE SHEET) PCT/US2013/047029

Reference is made to the following documents:

D1 WO 2011/163129 A2 (DESIGNED NANOTUBES LLC [US]; BOSNYAK
CLIVE P [US]; SWOGGER KURT W [US]) 28 December 2011
(2011-12-29)

D2 EP 2 415 839 A1 (UBE INDUSTRIES [JP]) 8 February 2012 (2012-02-08)

D3 HUIQIN LIAN ET AL: "Enhanced actuation in functionalized carbon

nanotubeNafion composites”,

SENSORS AND ACTUATORS B: CHEMICAL: INTERNATIONAL
JOURNAL DEVOTED TO RESEARCH AND DEVELOPMENT OF
PHYSICAL AND CHEMICAL TRANSDUCERS, ELSEVIER S.A,
SWITZERLAND,

vol. 156, no. 1, 7 April 2011 (2011-04-07), pages 187-193, XP028222833,
ISSN: 0825-4005, DOI; 10.1016/J.SNB.2011.04.012

[retrieved on 2011-04-14]

D4 XIANKE GU ET AL: "Layered and interfacially blended polyelectrolyte
multi-walled carbon nanotube composites for enhanced ionic
conductivity",

THIN SOLID FILMS, ELSEVIER-SEQUOIA S.A. LAUSANNE, CH,
vol. 520, no. 6, 9 September 2011 (2011-09-09), pages 1872-1879,
XP028444254,

ISSN: 0040-6090, DOI: 10.1016/J.TSF.2011.09.020

[retrieved on 2011-09-16]

D5 EP 1845 124 A1 (ARKEMA FRANCE [FR]) 17 October 2007
(2007-10-17)

Form PCT/ISA/237 (Separate Sheet) (Sheet 1) (EPO-April 2005)
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WRITTEN OPINION OF THE International application No.
INTERNATIONAL SEARCHING
AUTHORITY (SEPARATE SHEET) PCT/US2013/047029

Re ltem IV

Lack of unity of invention

1 Unity of Invention (Rule 13 PCT)

1.1 This Authority considers that the application does not meet the requirements
of unity of invention and that there are two inventions covered by the claims
indicated as follows:

| : Claims 1-18 and 20 directed to a composition for use as a binder material,
an electrolyte material or a separator film material of an energy storage or
collection device, comprising:

a plurality of discrete carbon nanotube fibers, said fibers having an aspect
ratio of from about 10 to about 500, and wherein at least a portion of the
discrete carbon nanotube fibers are open ended or a method for making a
composition for use as a binder material, an electrolyte material, or a
separator film material, comprising the steps of:

a) adding carbon nanoctubes to a liquid, sclvent or polymer melt;

b) vigorous mixing such as with a sonicator or high shear mixer for a period of
time; and

¢) continued mixing until a homogenous dispersion is obtained.

II: Claim 19 directed to an electrode paste for a lead-acid battery comprising:
discrete carbon nanotubes having an average length from about 400 to about
1400 nm; and polyvinyl alcohol.

1.2 The reasons for which the inventions are not so linked as to form a single
general inventive concept, as required by Rule 13.1 PCT, are as follows:

According to the PCT International Search and Examination Guidelines, Part
I1l, 10.06 (as in force from March 25, 2004), unity of invention has to be
considered in the first place only in relation to the independent claims.

Form PCT/ISA/237 (Separate Sheet) (Sheet 2) (EPO-April 2005)
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WRITTEN OPINION OF THE International application No.
INTERNATIONAL SEARCHING
AUTHORITY (SEPARATE SHEET) PCT/US2013/047029

The reasons for which the present application has been deemed to contain
two inventions which are not linked such that they form a single general
inventive concept, as required by Rules 13.1, 13.2 and 13.3, PCT are that the
only technical feature which is common to the two inventions is carbon
nanotubes.

As this feature is known (see for example D1) it cannot be seen to make a
contribution aver the prior art to define a special technical features (Rule 13.2
PCT).

In conclusion, therefore, the two groups of claims are not linked by common or
corresponding special technical features and define two different inventions
not linked by a single general inventive concept.

The application, hence does not meet the requirements of Unity of Invention
as defined in Rules 13.1 & 13.2 PCT.

1.3 This opinion has therefore been drawn up only for those inventions for which a
search fee has been paid, i.e. invention | mentioned above.

Re ltem V

Reasoned statement with regard to novelty, inventive step or industrial
applicability; citations and explanations supporting such statement

2 Novelty (Art. 33(1,2) PCT)

2.1 The present application does not meet the criteria of Article 33(1) PCT,
because the subject - matter of claims 1-18 and 20 is not new in the sense of
Article 33(2) PCT.

22 The document D1 discloses (the references in parentheses applying to this
document) a composition suitable for use (cf. PCT GL, 5.21) as a binder
material, an electrolyte material or a separator film material of an energy
storage or collection device, comprising:

Form PCT/ISA/237 (Separate Sheet) (Sheet 3) (EPO-April 2005)
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WRITTEN OPINION OF THE International application No.
INTERNATIONAL SEARCHING
AUTHORITY (SEPARATE SHEET) PCT/US2013/047029

a plurality of discrete carbon nanotube fibers, said fibers having an aspect
ratio of from about 10 to about 500 (cf. [7] and [64]), and wherein at least a
portion of the discrete carbon nanotube fibers are open ended (cf. [8]).

D1 further discloses a method for making a composition suitable for use as a
binder material, an electrolyte material, or a separator film material,
comprising the steps of:

a) adding carbon nanotubes to a liquid, solvent or polymer melt;

b) vigorous mixing such as with a sonicator or high shear mixer for a period of
time; and

c) continued mixing until a homogenous dispersion is obtained (cf. for
example [85]).

The subject - matter of claims 1 and 20 is therefore not new.

23 Dependent claims 2-18 do not contain any features which, in combination with
the features of any claim to which they refer, meet the requirements of the
PCT in respect of novelty or inventive step, see documents D1-D5 and the
corresponding passages cited in the search report.

Re Item VIII

Certain observations on the international application

3 Clarity (Art. 6 PCT)

3.1 The application does not meet the requirements of Article 6 PCT, because
claims 10-14 are not clear.

3.2 The reasons are that claims 10-14 defines characteristics of binder material,
electrolyte material or orientation properties. However, these claims are
dependent on claim 1 which relates to a composition. This leave the reader in
doubt as to the meaning of the technical features to which these
characteristics refer, thereby rendering the definition of the subject-matter of
said claims unclear, Article 6 PCT.

Form PCT/ISA/237 (Separate Sheet) (Sheet 4) (EPO-April 2005)
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WRITTEN OPINION OF THE International application No.
INTERNATIONAL SEARCHING
AUTHORITY (SEPARATE SHEET) PCT/US2013/047029

3.3 It also appears that claims 13 and 14 should be dependent, respectively, on
claims 12 and 13.

Form PCT/ISA/237 (Separate Sheet) (Sheet §) (EPO-April 2005)
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IMPROVED ELECTROLYTES FOR ENERGY DEVICES USING DISCRETE CARBON
NANOTUBES. METHODS FOR PRODUCTION THEREOF AND PRODUCTS OBTAINED
THEREFROM

CROSS REFERENCE TO RELATED APPLICATIONS

[0001]  This application is related to USSN 13/164456 filed June 20, 2011 and to USSN
12/968151 filed December 14, 2010 and to USSN 61/500561 filed June 23, 2011 and to
USSN 61/500560 filed June 23, 2011, the disclosure of each of which are incorporated

herein by reference.

STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH
[0002] Not applicable
BACKGROUND OF THE INVENTION

[0003]  Lithium ion batteries are used extensively for portable electronic equipment and
increasingly being used to provide electrical back-up for wind and solar energy. The salts
for the cathode materials in lithium ion batteries are generally known to have poor
electrical conductivity which results in poor charging and discharging ability. Both
cathode and anode materials in lithium ion based batteries exhibit swelling and
deswelling as the battery is charged and discharged. This spatial movement leads to
further separation of some of the particles and increased electrical resistance. The high
internal resistance of the batteries, particularly in large arrays such as used in electric
vehicles, can result in excessive heat generation leading to runaway chemical reactions

and fires, particularly with flammable electrolyte systems.

[0004] Efforts to improve the safety of lithium ion batteries have included using non-
flammable liquids such as ionic liquids, for example, cthyl-methyl-imidazolium bis-
(trifluoromethanesulfonyl)-imide (EMI-TFSI), and solid polymer, sometimes with
additional additives, for example, polyethylene oxide with titanium dioxide nanoparticles,

or inorganic solid electrolytes such as a ceramic or glass of the type glass ceramics,
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LipxyTio xAlxSiyP;_yOy2 (LTAP). The electrical conductivity values of organic
electrolytes are in the general range of 107 to 10" S/cm. Polymer electrolytes have
electrical conductivity values in the range of about 107 to 107 S/cm, whereas inorganic
solid electrolytes have values in the range 10® to 107 S/cm. The low conductivities of
polymer and inorganic solid electrolytes are presently a limitation to their general use. It
is thus highly desirable to improve the conductivity of electrolytes, and particularly with
polymer and inorganic electrolytes because of their improved flammability characteristics
relative to organic liquids. Also, it is desirable to improve the mechanical strength of
solid electrolytes in battery applications requiring durability in high vibration or

mechanical shock environments.

[0005] In alkaline batteries the electrolyte is typically potassium hydroxide. Alkaline
batteries are known to have significantly poorer capacity on high current discharge than
low current discharge. Electrolyte ion transport limitations as well as polarization of the
zinc anode are known reasons for this. An increase in the electrolyte ion transport is
highly desirable.

[0006] Amongst new generation thin film photovoltaic technologies, dye sensitized solar
cells (DSSCs) possess one of the most promising potentials in terms of their cost-
performance ratio. One of the most serious drawbacks of the present DSSCs technology
is the use of liquid and corrosive electrolytes which strongly limit their commercial
development. An example of an electrolyte currently used for DSSCs is potassium
iodide/iodine. Replacement of the presently used electrolytes is desirable, but candidate

electrolytes have poor ion transport.

[0007] Typical electrolytic capacitors are made of tantalum, aluminum, or ceramic with
electrolyte systems such as boric acid, sulfuric acid or solid electrolytes such as polypyrrole.
Improvements desired include higher rates of charge and discharge which is limited by ion

transport of the electrolyte.

[0008]  In this invention is disclosed improved electrolytes for energy devices such as
batteries, photovoltaic, sensors and capacitors comprising discrete carbon nanotubes,

methods for their production and products obtained therefrom.
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SUMMARY OF THE INVENTION

[0009] The discrete oxidized carbon nanotubes, alternatively termed exfoliated carbon
nanotubes, of the present disclosure take advantage of properties such as electrical,
thermal, physical and ion transport, offered by individual carbon nanotubes that are not
apparent when the carbon nanotubes are aggregated into bundles. The discrete carbon
nanotubes can be single-wall, double-wall, or multi-wall carbon nanotubes and various
combinations thereof. An energy device is defined here to mean a device that is able to
collect and discharge electrons. This includes, for example, batteries, capacitors, sensors

and photovoltaics.

[0010] One embodiment of this invention is an electrolyte for an energy device
comprising a plurality of discrete carbon nanotube fibers having an aspect ratio of from
about 10 to about 500 and wherein at least a portion of the discrete carbon nanotubes are
open ended, preferably the carbon nanotubes are at least open at one end and most
preferably open at both ends. The plurality of discrete carbon nanotube fibers comprise
an oxidation content from about | weight percent to about [5 weight percent and may be
are further functionalized, preferably comprising a molecule of mass greater than
50g/mole and more preferably comprising carboxylate, hydroxyl, ester, ether, or amide
moieties, or mixtures thereof. The discrete carbon nanotube fibers also contain less than
about 4% by weight of residual metals and at least a portion of the carbon nanotubes have
residual metals removed from the internal regions of the discrete carbon nanotubes. At
least a portion of the discrete carbon nanotubes may be curved to allow better interaction

with and dispersion throughout the electroactive material moeities.

[0011]  Another embodiment of this invention is an electrolyte comprising a plurality of
discrete carbon nanotube fibers for an energy device that further comprises at least one
dispersion aid for the discrete carbon nanotubes, preferably the dispersion aid comprising
an oxygen or nitrogen moiety. The electrolyte may also comprise a polymer or polymers,
such as polyethylene oxide, or polyvinylidine fluoride and their copolymers or blends and

optionally with lower molecular weight liquids or polymers to restrict polymer
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crystallization. The electrolyte may further comprise inorganic species, preferably
containing carbon species selected from the group of carbon black, graphite, graphene,

oxidized graphene, and mixtures thereof.

[0012]  In yet another embodiment is an electrolyte for an energy device comprising a
plurality of discrete carbon nanotube fibers wherein the discrete carbon nanotube fibers
comprise from about 0.1 weight percent to about 75 weight percent of the electrolyte

composition.

[0013] In yet one more embodiment is an electrolyte for an energy device comprising a
plurality of discrete carbon nanotube fibers where the energy capacity, power or cycle
lifetime of the energy device is improved by at least 10% compared to an energy device

made similarly without discrete carbon nanotube fibers.

[0014] In a further embodiment of this invention is an electrolyte for an energy device
that comprises a plurality of discrete carbon nanotube fibers wherein a majority of the
discrete carbon nanotube fibers are aligned approximately perpendicular to the electrode

surfaces.

[0015] In a yet further embodiment of this invention is an electrolyte for an energy
device that comprises a plurality of discrete carbon nanotube fibers wherein the ion
transport in the energy device is at least 10% greater than that of a similar energy device

without the plurality of discrete carbon nanotube fibers.

[0016] An additional embodiment of this invention is a solid electrolyte material
comprising discrete carbon nanotubes wherein the mechanical strength of the solid
electrolyte material is at least about ten percent higher than a solid electrolyte material

made without the plurality of discrete carbon nanotubes.

[0017] Another embodiment of this invention is a process to form an electrolyte comprising

the steps of:

a) selecting discrete carbon nanotube fibers having an aspect ratio of from about 10 to
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about 500, preferably with at least a portion of the tubes open-ended at one end and most
preferably open at both ends.

b) selecting discrete carbon nanotube fibers having an oxidation level from about 1-
15% by weight,

c) optionally functionalizing the discrete carbon nanotube fibers

d) blending the [ibers with electrolyte to form an electrolyte/fiber mixture, the
electrolyte preferably comprising an ionic salt,

e) optionally adding a polymer,

f) agitating the electrolyte/fiber mixture to a degree sufficient to disperse a majority of
the discrete carbon nanotube fibers,

g) optionally heating the electrolyte/fiber mixture to facilitate dispersion of the discrete

carbon nanotubes, and

h) optionally orienting the electrolyte/fiber mixture.

[0018] Preferably steps (a) through (h) are performed sequentially, but may be made
otherwise. The agitating step (f) may comprise sonication. The orientation step (h) is
preferably not optional and especially if at least a portion of the discrete carbon
nanotubes are desired to be oriented perpendicular to the electrode surface. The
orientation step (h) may comprise fabrication methods such as sheet. film, molding,
extrusion or fiber spinning and optionally including post fabrication methods such as
tentering, uniaxial orientation, biaxial orientation and thermoforming. The orientation
step may lurther comprise using an applied electric or magnetic field. The extrusion

equipment can be equipped with multilayer generators.

[0019] In another embodiment of this invention is a process to form an electrolyte,
wherein a majority of the carbon nanotube fibers within the electrolyte are uniaxially or
biaxially oriented followed by slicing perpendicular to the original uniaxial or biaxial
drawing direction, optionally followed by bonding of said oriented fibers, or layers
preferably with divalent or multivalent ions, such as aluminum, more preferably with bi-

functional or multi-functional molecules such as bisphenol A epoxy.
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BRIEF DESCRIPTION OF THE FIGURE

[0020]  Figure 1 is an optical micrograph of crystallized solid polyethylene glycol with
carbon nanotubes of this invention. The carbon nanotubes are observed to be between the

crystal lamellae.

DETAILED DESCRIPTION OF THE INVENTION

[0021] In the following description, certain details are set forth such as specific
quantities, sizes, etc. so as to provide a thorough understanding of the present
embodiments disclosed herein. However, it will be evident to those of ordinary skill in
the art that the present disclosure may be practiced without such specific details. In many
cases, details concerning such considerations and the like have been omitted inasmuch as
such details are not necessary to obtain a complete understanding of the present

disclosure and are within the skills of persons of ordinary skill in the relevant art.

[0022] Referring to the figure, in general, it will be understood that any illustrations are
for the purpose of describing particular embodiments of the disclosure and are not

intended to be limiting thereto.

[0023]  While most of the terms used herein will be recognizable to those of ordinary skill
in the art, it should be understood, however, that when not explicitly defined, terms
should be interpreted as adopting a meaning presently accepted by those of ordinary skill
in the art. In cases where the construction of a term would render it meaningless or
essentially meaningless, the definition should be taken from Webster's Dictionary, 3rd
Edition, 2009. Definitions and/or interpretations should not be incorporated from other
patent applications, patents, or publications. related or not, unless specifically stated in

this specification, or if the incorporation is necessary for maintaining validity.

[0024] Discrete oxidized carbon nanotubes, alternatively termed exfoliated carbon
nanotubes, are obtained from as-made bundled carbon nanotubes by methods such as

oxidation using a combination of concentrated sulfuric and nitric acids, or peroxides. The
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bundled carbon nanotubes can be made from any known means such as, for example,
chemical vapor deposition, laser ablation, and high pressure carbon monoxide synthesis.
The bundled carbon nanotubes can be present in a variety of forms including, for
example, soot. powder, fibers, and bucky paper. Furthermore, the bundled carbon
nanotubes may be of any length, diameter, or chirality. Carbon nanotubes may be
metallic, semi-metallic, semi-conducting, or non-metallic based on their chirality and
number of walls. The discrete oxidized carbon nanotubes may include, for example,
single-wall, double-wall carbon nanotubes, or multi-wall carbon nanotubes and
combinations thereof. One of ordinary skill in the art will recognize that many of the
specitic aspects of this invention illustrated utilizing a particular type of carbon nanotube
may be practiced equivalently within the spirit and scope of the disclosure utilizing other

types of carbon nanotubes.

[0025] Functionalized carbon nanotubes of the present disclosure generally refer to the
chemical modification of any of the carbon nanotube types described hereinabove. Such
modifications can involve the nanotube ends, sidewalls, or both. Chemical modifications
may include, but are not limited to covalent bonding, ionic bonding, chemisorption,
intercalation, surfactant interactions. polymer wrapping. cutting, solvation, and

combinations thereof.

[0026] Any of the aspects disclosed in this invention with discrete carbon nanotubes may
also be modified within the spirit and scope of the disclosure to substitute other tubular
nanostructures, including, for example, inorganic or mineral nanotubes. Inorganic or
mineral nanotubes include, for example, silicon nanotubes, boron nitride nanotubes and
carbon nanotubes having heteroatom substitution in the nanotube structure. The
nanotubes may include or be associated with organic or inorganic elements such as, for
example, carbon, silicon, boron and nitrogen. Association may be on the interior or
exterior of the inorganic or mineral nanotubes via Van der Waals, ionic or covalent

bonding to the nanotube surfaces.

[0027] In this disclosure, the term electrolyte is construed as a medium for ion transport.
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The medium can be solid, liquid or semi-solid, for example gelatinous. For example in a
lead acid battery the electrolyte medium is preferred to be liquid or gelatinous. For a
lithium based battery the medium is preferred to be gelatinous and more preferably a
solid at use temperature. lon transport is defined as the movement of ions through the
electrolyte. The ions are preferably a single type of ion, but can be a mixture of types of

ions

[0028] The flexural strength or resistance to cracking of the solid electrolytes can be
determined by flexural bending of a film or sheet of the solid electrolyte on a thin
aluminum or copper film in a 3-point bending fixture and an Instron Tensile Testing
machine. The test is analogous to standard test procedures given in ASTM D790, The
resistance to deformation and stress to crack the solid electrolyte through the solid

electrolyte film thickness is recorded. Units are in MPa.

Example 1. Formation of a solid electrolyte contained discrete carbon nanotubes.

[0029] Oxidized carbon nanotube fibers are made by first sonicating the carbon nanotube
fiber bundles (CNano, grade 9000) at 1% w/v in a mixture of concentrated sulfuric
acid/nitric acid for 3 hours at about 30 °C. After filtering and washing with water the pH
of the final washing is about 4. The oxidized carbon nanotube fibers are dried in vacuo for
4 hours at about 80 °C. The resultant oxidized tubes generally contain about 4-6% by
weight of oxygenated species as determined by thermogravimetric analysis in nitrogen
between 200 and 600 °C and at least a portion of the tubes are open ended as determined
by secondary electron microscopy. The residual ash after burning the oxidized carbon
nanotubes in air to 800 °C is about 2% w/w. Monohydroxy poly(ethylene glycol), PEG-
MH, of molecular weight about 1900 (Sigma Aldridge) is added in excess to the dried
oxidized nanotubes together with a small amount of sulfuric acid as a catalyst and the
mixture heated to 100 °C while sonicating for about 1 hour. After cooling and addition of
water the functionalized carbon nanotubes are filtered followed by washings to remove

excess PEG-MH and sulfuric acid. The functionalized carbon nanotubes are dried in
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vacuo at 40°C overnight. 0,5% w/w of the carbon nanotubes reacted with PEG-MH are
added to PEG-MH, heated to 60°C and sonicated for 30 minutes. A uniform black liquid
is obtained which on examination while in the liquid state by optical microscopy up to
150X magnification revealed no discernible aggregates of carbon nanotubes, thus making
the tubes “discrete.” On cooling, the PEG-MH with discrete carbon nanotubes is
observed to crystallize as shown in Figure |. The carbon nanotubes are observed to be
between crystal lamellae, i.e., in the amorphous regions of the solid polymer. This is
considered very advantageous as ions are recognized to travel preferentially in the

amorphous regions.

[0030] Tonic salts can be added to the polyethylene glycol to produce electrolytes. For
example, for lithium ion batteries ionic salts, such as lithium perchlorate or lithium

tetrafluoroborate, can be added in the molten polymer state.
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CLAIMS

What is claimed is the following:

1. An electrolyte composition comprising a plurality of discrete carbon nanotube fibers
having an aspect ratio of from about 10 to about 500 and wherein at least a portion of
the discrete carbon nanotubes are open ended, preferably the carbon nanotubes are at

least open at one end and most preferably open at both ends.

2. The composition of claim 1 wherein the carbon nanotube fibers comprise an

oxidation content from about 1 weight percent to about 15 weight percent.

3. The composition of claim 1 wherein the carbon nanotube fibers are further
functionalized, the functionalization preferably comprising a molecule of mass
greater than 50g/mole and more preferably comprising carboxylate, hydroxyl, ester,

ether, or amide moieties, or mixtures thereof.

4. The composition of claim | further comprising at least one dispersion aid, the
dispersion aid preferably comprising an oxygen or nitrogen moiety.

5. The composition of claim 1 wherein the carbon nanotube fibers comprise a residual
catalyst content of less than 4 per cent by weight of the fibers.

6. The composition of claim 1 wherein the discrete carbon nanotube fibers comprise a
residual catalyst content, wherein at least a portion of the carbon nanotube fibers have
residual catalysts removed from internal regions of the discrete carbon nanotubes

7. The composition of claim | wherein the discrete carbon nanotube fibers comprise a
residual catalyst content, wherein at least a portion of the residual catalyst content has

been removed.

8. The composition of claim 1 wherein the discrete carbon nanotube fibers comprise
from about 0.1 weight percent to about 75 weight percent of the electrolyte

composition.

9. The composition of claim 1 further comprising at least one polymer, preferably the

polymer comprises inorganic structures.

10. The composition of claim 9 wherein the polymer contains an oxygen or nitrogen
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1.

12,

16.

17.

moiety, preferably selected from graft, block or random copolymers and, optionally

mixtures thereof.

The composition of claim 9 wherein the inorganic structures are selected from the
group containing carbon and preferably selected from the group of carbon black,
graphite, graphene, oxidized graphene, and mixtures thereof.

A composition of claim 1 comprising a plurality of curved discrete carbon nanotube
fibers to increase the surface contact area of carbon nanotube fibers with electroactive

particles.

. The composition of claim | where the energy capacity, power or cycle lifetime of the

energy device is improved by at least 10% compared to an energy device made

without discrete carbon nanotube fibers.

. The composition of claim | wherein a majority of the discrete carbon nanotube fibers are

aligned approximately perpendicular at least one electrode surface in contact with the

electrolyte composition.

. The composition of claim | wherein the ion transport in the energy device is at least 10%

greater than that of a similar electrolyte without the plurality of discrete carbon nanotube
fibers.

The composition of ¢laim 1 wherein the mechanical strength of the electrolyte is greater
than about 10% that of a electrolyte without the plurality of discrete carbon nanotube
fibers.

A process Lo form an electrolyte comprising the steps of:

a) selecling diserete carbon nanotube [ibers having an aspect ratio of from about 10 to
about 500, preferably with at least a portion of the tubes open-ended at one end and most

preferably open at both ends.

b) selecting discrete carbon nanotube fibers having an oxidation level from about -
15% by weight,

¢) optionally functionalizing the discrete carbon nanotube fibers,

d) blending the fibers with electrolyte to form an electrolyte/fiber mixture, the

clectrolyte preferably comprising an ionice salt,
¢) optionally adding a polymer,
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18.

19.

) agitating the clectrolyte/fiber mixture to a degree sufficient to disperse a majority of
the discrete carbon nanotube fibers,

g) optionally heating the clectrolyte/fiber mixture to facilitate dispersion of the discrete
carbon nanotubes, and

h) optionally orienting the electrolyte/fiber mixture.

The process of Claim 17 wherein the agitating step () comprises sonication.

The process of Claim 17 wherein the orienting step (h) is performed using sheet, film,
molding, extrusion or fiber spinning fabrication methods and optionally including post
fabrication methods, such as tentering, uniaxial orientation, biaxial orientation and

thermoforming.

. The process of claim 17 wherein a majority of the carbon nanotube fibers within an

electrolyte are oriented using an applied electric or magnetic field.

. The process of claim 17 wherein a majority of the carbon nanotube fibers within the

electrolyte are oriented using extrusion equipment equipped with multilayer generators.

. The process of Claim 17 wherein a majority of the carbon nanotube fibers within the

electrolyte are uniaxially oriented followed by slicing perpendicular to the original fiber
extrusion direction, optionally followed by bonding of said oriented fibers, preferably
with divalent or multivalent ions, more preferably with bi-functional or multi-functional

molecules.

. The process of Claim 17 wherein a majority of the carbon nanotube fibers within the

electrolyte are oriented using film fabrication methods, optionally followed by fusion of
stacks of said oriented films and slicing perpendicular to the original film orientation

direction to obtain layers.

. Batteries, thin film batteries, capacitors, photovoltaics. sensors, and/or fuel cells

comprising the composition of Claim 1.
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ABSTRACT

In varicus embodiments an improved electrofyie composition using discrete carbon nanotubes, their
methods of production and utility for energy devices such as batteries, photovoltaics, sensors and
capacitors is described. The electrolyte composition further comprises polymers. The discrete carbon
nanotubes further comprise at least a portion of the tubes being open ended and may also be

functionalized.
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Figure 1. Optical micrograph of crystallized solid polyethylene glycol with carbon nanotubes of
this invention. The carbon nanotubes are observed to be between the crystal lamellae.
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IMPROVED BINDERS FOR ENERGY STORAGE DEVICES USING DISCRETE CARBON
NANOTUBES, METHODS FOR PRODUCTION THEREOF AND PRODUCTS OBTAINED
THEREFROM

CROSS REFERENCE TO RELATED APPLICATIONS

[1] This provisional patent application is related to USSN 13/164456 filed June 20,
2011; USSN 12/968151 filed December 14, 2010; USSN 13/140029 filed December 18.
2009; USSN 61/500561 filed June 23, 2011:; USSN 61/500560 filed June 23, 2011; and
USSN 61/638454 filed April 25, 2012; the disclosures of’ which are incorporated herein by

reference.

STATEMENT REGARDING FEDERAILLY SPONSORED RESEARCH

[2] Not applicable
BACKGROUND
[3] Many energy storage devices like batteries, capacitors and photovoltaics can utilize a

binder to provide both mechanical stabilization as well as improved electrical conduction of

the powder used in cathodes or electrodes.

[4] Lithium ion batteries are used extensively for portable electronic equipment and
increasingly being used to provide electrical back-up for wind and solar energy. The salts for
the cathode materials in lithium ion batteries are generally known to have poor electrical
conductivity and poor electrochemical stability which results in poor ecycling
(charge/discharge) ability. Both cathode and anode materials in lithium ion based batteries
exhibit swelling and deswelling as the battery is charged and discharged. This spatial
movement leads to further separation of some of the particles and increased electrical
resistance. The high internal resistance of the batteries, particularly in large arrays such as
used in electric vehicles, can result in excessive heat generation leading to runaway
chemical reactions and fires.

[5] Lithium primary batteries consist, for example, of lithium. poly(carbon
Page 2 of 21
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[6]

[71

[8]

monofluoride) and lithium tetrafluoroborate together with a solvent such as
gamma-butyrolactone as an electrolyte. These lithium primary batteries have excellent
storage lifetimes, but suffer from only being able to low current and the capacity is about one
tenth of what is theoretically possible. This is ascribed to the poor electrical conductivity of
the poly(carbon monofluoride). In some cases a portion manganese dioxide is added to aid

in the electrical conductivity and power of the lithium battery.

Attempts to overcome the deficiencies of poor adhesion to current collectors and to
prevent microcracking during expansion and contraction of rechargable batteries have
included development of binders. Binders such as polyacrylic acid, PAA, for cathodes,
poly(styrene butadiene), SBR for anodes and polyvinylidene fluoride. PVDF, for cathodes
and anodes, are used in lithium based batteries to hold the active material particles together
and to maintain contact with the current collectors i.e., the aluminum, Al, or the copper foil,
Cu. The PAA and SBR are used as aqueous suspensions or solutions and are considered
more environmentally benign than organic solvent based systems such as n-methyl 2

pyrrolidone, NMP. with PVDF.

A cathode electrode of a lithium ion battery is typically made by mixing active
material powder, binder powder, solvent such as NMP it using PV DF, and additives such as
carbon black. into a slurry (paste) and pumping this slurry to a coating machine. An anode
electrode for a lithium ion battery is made similarly by typically mixing graphite, or other
materials such as silicon, as the active material, together with the binder, solvent and
additives. The coating machines spread the mixed slurry (paste) on both sides of the Al foil
for the cathode and Cu foil for the anode. The coated foil is subsequently calendared to make
the electrode thickness more uniform. followed by a slitting operation for proper electrode

sizing and drying.

For zinc-carbon batteries. the positive electrode can consist of a wet powder mix of
manganese dioxide. a powdered carbon black and electrolyte such as ammonium chloride
and water. The carbon black can add electrical conductivity to the manganese dioxide

particles, but is needed at high weight percentages in the range about 10 to 50% by weight of

Page 3 of 21
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9]

manganese dioxide. These high amounts of carbon black needed for improved electrical
conductivity, or reduced impedance of the battery, diminish the capacity per unit volume of
the battery as less manganese dioxide can be employed per unit volume of the positive paste
mix. Thus, in general, there is a need to improve the impedance of a battery while

maximizing the amount of active material per unit volume.

For a lead-acid battery the anode can be made from carbon particles together with a
binder to provide higher specific capacity (capacity per unit weight). The anode of a
zinc-carbon battery is often a carbon rod typically made of compressed carbon particles,

graphite and a binder such as pitch.

[10] The characteristics of the binder material are important for both manufacturing and

performance of the battery. Some of these characteristics of relevance are electrical and
ionic conductivity, tensile strength and extensibility, adhesion to particles as well as the
foils. and swelling in electrolyte. Improvement of electrical and ionic conductivity is needed
for improved battery capacity and power. Materials such as lithium manganese oxide for
cathodes and silicon particles for anodes exhibit much lower practical specific capacity than
theoretically available. A higher electrical and ionic conductivity binder material would be
most beneficial to achieve specific capacities closer to their theoretical values. Tt is
desirable to improve the tensile and adhesive strength of binders so that less binder material
can be employed and also improve the battery cycling lifetime. Addition of conductive
particles, such as carbon black decreases the tensile strength and extensibility of binders.
Controlled swelling of the binder in clectrolyte is also important. If too much swelling
occurs this separates the particles and significantly increases the inter-particle ohmic
resistance. Also. since the particles of the anode or cathode are coated with binder, the layer
thickness of the binder can be as thin as 50 to 100 nanometers. This layer thickness
precludes uniform distributions of particles of sizes larger than the binder layer thickness.
For example, multiwall carbon nanotubes as usually made in a gas phase reactor consist of
bundles with diameters ranging from about 50 to 100 microns in diameter and would

therefor reside only at the interstitial spaces between the particles.
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[11] Impurities, such as non-lithium salts, iron, and manganese to name a few, with the
binder can also be highly deleterious to battery performance. Typically, high purity of the
binder material, and other additives comprising the binder material such as carbon black to
improve electrical conductivity, is an important factor to minimize unwanted side reactions
in the electrochemical process. For example in alkaline-manganese dioxide batteries the
tatal iron in the manganese dioxide is less than 100 ppm to prevent hydrogen gassing at the
anode. Commercially available carbon nanotubes such as Baytubes from Bayer, or
Graphistrength from Arkema can contain as ten percent or more by weight of residual metal

catalysts and are not considered advantageous for batteries at these levels of impurity.

[12] FFor photovoltaics, lines of conductive paste ink, made from solvents, binders, metal
powder and glass frit. are screen-printed onto solar panel modules. The binders are usually
polymer based for improved printability, such as ETHOCEL™ from the Dow Chemical
Company. During the burning off of the polymer and cooling the lines can crack due to
shrinkage forces and so increase impedance. It is highly desirable to have a more robust

conductive paste ink to prevent cracking during heating and cooling.

[13] In this invention is disclosed improved binders for energy storage devices like
batteries, capacitors and photovoltaics comprising discrete carbon nanotubes, methods for

their production and products obtained therefrom.

SUMMARY

[14] The discrete oxidized carbon nanotubes, alternatively termed exfoliated carbon
nanotubes, of the present disclosure take advantage of properties such as electrical, thermal,
physical and ion transport, offered by individual carbon nanotubes that are not apparent

when the carbon nanotubes are aggregated into bundles.
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[15] One embodiment of this invention is a binder material for cathodes and/or anodes of
energy storage devices like batteries, capacitors and photovoltaics comprising a plurality of
discrete carbon nanotube fibers having an aspect ratio of from about 10 to about 500 and
wherein at least a portion of the discrete carbon nanotubes are open ended, preferably at
least about 20% of the discrete fibers are open ended, more preferably at least about 50% of
the discrete fibers are open ended, and most preferably at least 90% of the discrete carbon
nanotubes fibers are open ended. The catalyst sites within at least a portion of the tubes are
removed so as to allow free passage of ions. The discrete carbon nanctubes can be
single-wall, double-wall. or multi-wall carbon nanotubes and various combinations thereof.
Residual metals levels from the discrete carbon nanotube synthesis are less than about 4%

by weight of the carbon nanotubes.

[16] A further embodiment of this invention is the discrete carbon nanotube fibers may
comprise an oxidation level from about 1 weight percent to about 15 weight percent and can
be further functionalized, preferably comprising a molecule of mass greater than 50g/mole
and, more preferably. comprising carboxylate, hydroxyl. ester, ether. or amide moieties, or

mixtures thereof.

[17] Yet another embodiment of this invention is the discrete carbon nanotubes may
comprise at least onc dispersion aid, preferably, the dispersion aid comprises an ether

moiety.

[18] Another embodiment of this invention is the binder material further comprises a
polymer wherein the polymer is selected from the group consisting of vinyl polymers,
preferably poly(styrene-butadiene), partially or fully hydrogenated poly(styrene butadiene)
containing copolymers, functionalized poly(styrene butadiene) copolymers such as
carboxylated poly(styrene butadiene) and the like, poly(styrene-isoprene), poly(methacrylic
acid). poly(acrylic acid), poly(vinylalcohol). and poly(vinylacetate), fluorinated polymers,
preferably poly(vinylidine difluoride) and poly(vinylidene difluoride) copolymers,

conductive polymers, preferably poly(acetylene), poly(phenylene), poly(pyrrole), and
Page 6 of 21
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poly(acrylonitrile), polymers derived from natural sources, preferably alginates,
polysaccharides, lignosulfonates, and cellulosic based materials, polyethers, polyesters,
polyurethanes. and polyamides, either as graft, block or random copolymers, and mixtures
thereof. The binder material can be in the form of free flowing particles or in the form of a

dilution with liquid.

[19] Yet another embodiment of this invention is the binder material comprising
additional inorganic structures with elements selected from the groups two through fourteen
of the Periodic Table of Elements. preferably selected from the group consisting of silver,
gold, silicon, wvanadium, titanium, chromium, iron, manganese, tin, nickel, palladium,
platinum, cobalt, aluminum. gallium, germanium, indium, antimony, copper and zinc,
cadmium, mercury. and carbon or mixtures thercof. The additional inorganic structures
comprise carbon structures selected from the group consisting of carbon black, graphite,

graphene, oxidized graphene, fullerenes and mixtures thereof.

[20] An additional embodiment of this invention is an energy storage device comprising a
plurality of curved discrete carbon nanotube fibers that allow the discrete carbon nanotubes

to better wrap particles within cathode or anode materials.

[21] Another embodiment of this invention is a binder composition comprising discrete
carbon nanotubes where the impedance of the binder material has an impedance of less than
or equal to about one point five thousand billion chm-m. preferably less than or equal to
about two hundred billion ohm-m and more preferably less than or equal to about one billion

ohm-m.
[22] A further embodiment of this invention is a binder material comprising discrete
carbon nanotubes where the flexural strength of the cathode or anode material is at least

about ten percent higher than a cathode or anode material made without the plurality of

discrete carbon nanotubes.
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[23] A yet further embodiment of this invention is a binder composition where the
adhesive strength of the cathode or anode material to the current collector is at least about
ten percent higher than a cathode or anode material made without the plurality of discrete
carbon nanotubes.

[24] Further embodiments of this invention include a binder composition where the
power of the energy storage device is improved by at least about ten percent compared to an
energy storage device made without the plurality of discrete carbon nanotube fibers.

[25] The improved binder results in an energy storage device with at least about ten
percent greater charge-discharge cycle lifetime compared to an energy storage device made

without discrete carbon nanotube fibers.

[26] Another embodiment of this invention is a process to form a binder material
comprising the steps of:

a) selecting discrete carbon nanotube fibers having an aspect ratio of from 10 to 500,

b) selecting discrete carbon nanotube fibers having an oxidation level from 1-15% by weight,

c) selecting discrete carbon nanotube fibers that have at least a portion of open ended tubes,

d) blending the carbon nanotube fibers with a liquid to form a liquid/fiber mixture,

e) optionally combining the ligquid/fiber mixture with at least one dispersion aid,

f) optionally combining the liquid/ dispersed fiber mixture with additional inorganic

structures,

g) agitating the liquid/fiber mixture to a degree sufficient to disperse the fibers to form a

liquid/dispersed fiber mixture,
h) optionally adjusting the pH to a desired level,
i) combining the liguid/fiber mixture with a liquid dispersion of a polymer. and
j) optionally drying the dispersed fiber mixture and polymer.

The agitating step (g) can comprise sonication.
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[27] A further embodiment of this invention is a process to form a paste for an energy
storage device, comprising the electroactive particles, adding discrete carbon nanotube
fibers to the electroactive particles wherein the fibers have an aspect ratio of from about 10
to about 500 and at least a portion of the fibers are open ended, optionally with polymer,
wherein the paste has a resistance to cracking of at least about 10 percent greater than
resistance to cracking on drying of a paste comprising the same components, but an absence

of the discrete carbon nanotube fibers.

[28] In yet one more embodiment of this invention is a process to form a paste for energy
storage devices like batteries, capacitors and photovoltaics comprising addition of discrete
carbon nanotube fibers having aspect ratio about 10-500 and wherein a portion of the
discrete carbon nanotubes are open ended where the paste exhibits at least about ten percent
greater shear strength before microfracture for improved paste film extrusion and

homogeneity.

DETATLED DESCRIPTION

[29] In the following description, certain details are set forth such as specific quantities,
sizes, etc. so as to provide a thorough understanding of the present embodiments disclosed
herein. However, it will be evident to those of ordinary skill in the art that the present
disclosure may be practiced without such specific details. In many cases, details concerning
such considerations and the like have been omitted inasmuch as such details are not
necessary to obtain a complete understanding of the present disclosure and are within the

skills of persons of ordinary skill in the relevant art.

[30] While most of the terms used herein will be recognizable to those of ordinary skill in
the art, it should be understood. however. that when not explicitly defined. terms should be
interpreted as adopting a meaning presently accepted by those of ordinary skill in the art.  Tn
cases where the construction of a term would render it meaningless or essentially
meaningless, the definition should be taken from Webster's Dictionary, 3rd Edition, 2009.
Definitions and/or interpretations should not be incorporated from other patent applications,

patents, or publications. related or not, unless specifically stated in this specification, or if
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the incorporation is necessary for maintaining validity.

[31] Discrete oxidized carbon nanotubes, alternatively termed exfoliated carbon
nanotubes, are obtained from as-made bundled carbon nanotubes by methods such as
oxidation using a combination of concentrated sulfuric and nitric acids. The bundled carbon
nanotubes can be made from any known means such as, for example, chemical vapor
deposition, laser ablation, and high pressure carbon monoxide synthesis. The bundled
carbon nanotubes can be present in a variety of torms including. for example. soot, powder,
fibers, and bucky paper. Furthermore. the bundled carbon nanotubes may be of any length,
diameter, or chirality. Carbon nanotubes may be metallic, semi-metallic, semi-conducting,
or non-metallic based on their chirality and number of walls. The discrete oxidized carbon
nanotubes may include, for example, single-wall, double-wall carbon nanotubes, or
multi-wall carbon nanotubes and combinations thereol. One of ordinary skill in the art will
recognize that many of the specific aspects of this invention illustrated utilizing a particular
type of carbon nanotube may be practiced equivalently within the spirit and scope of the

disclosure utilizing other types of carbon nanotubes.

[32] Functionalized carbon nanotubes of the present disclosure generally refer to the
chemical modification of any of the carbon nanotube types described hereinabove. Such
modifications can involve the nanotube ends. sidewalls, or both. Chemical modifications
may include., but are not limited to covalent bonding. ionic bonding. chemisorption,
intercalation, surfactant interactions, polymer wrapping, cutting, solvation, and

combinations thereof,

[33] Any of the aspects disclosed in this invention with discrete carbon nanotubes may
also be modified within the spirit and scope of the disclosure to substitute other tubular
nanostructures, including, for example, inorganic or mineral nanotubes. Inorganic or
mineral nanotubes include, for example, silicon nanotubes, boron nitride nanotubes and
carbon nanotubes having heteroatom substitution in the nanotube structure. The nanotubes
may include or be associated with organic or inorganic elements such as, for example,

carbon. silicon, boron and nitrogen. Association may be on the interior or exterior of the
Page 10 of 21
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inorganic or mineral nanotubes via Van der Waals, ionic or covalent bonding to the

nanotube surfaces.

[34] Procedure for impedance and swelling evaluation of binder materials
[35] Each dried sample film is obtained using a 22mm diameter punch. Films are also

obtained saturated with neat electrolyte (a 50/50 composition of ethylene carbonate and
propylene carbonate) and electrolyte and 50% by weight of lithium perchlorate by
immersing the films for 1-20 days at room temperature. The films are evaluated for swelling
by weight increase and tested for impedance using an LCR meter, (Agilent 4263B) at 25
degrees centigrade and under about 70 psi, (0.483 MPa) pressure at | Khz. The units of

impedance are chm-meter.

[36] The flexural strength or resistance to cracking of the pastes can be determined by
flexural bending of the paste on a thin aluminum or copper film in a 3-point bending fixture
and an Instron Tensile Testing machine. The test is analogous to standard test procedures
given in ASTM [3-720. The stress to crack the paste through the paste thickness is recorded.

Units are in MPa.

[37] The adhesive strength of the pastes can be determined by using lap shear strength
procedures and the Instron Tensile Testing Machine. The test is analogous to EN 1465,
The specimen consists of two rigid substrates, for example aluminum sheets or copper
sheets, bonded together by the paste in a lapped joint. This causes the two ends of the
specimen to be offset from the vertical load line of the test. The paste is placed between two
strip of material, The stress to failure on pulling the lapped specimen is recorded. Units are

in MPa.

[38] The improvement in flow processibility of the pastes can be determined using a
rheometer, for example, utilizing concentric cylinders with a well-defined geometry to
measure a fluid’s resistance to flow and determine its viscous behavior. While relative

rotation of the outer cylinder causes the paste to flow. its resistance to deformation imposes
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a shear stress on the inner wall of the cup, measured in units of Pa. At a certain shear stress,

microfracture of the paste can occur resulting in poor paste homogeneity.

[39] Examples [-3: Binder materials consisting of discrete carbon nanotubes in
poly(vinylidene fluoride).

[40] General procedure. A dispersion of discrete carbon nanotubes in
n-methyl-2-pyrrolidone (NMP) is first made by adding carbon nanotubes of about 4%
weight of oxidized moieties and aspect ratio about 60 to NMP under vigorous stirring. The
concentration of oxidized carbon nanotubes in NMP does not exceed 2% by weight.
Following addition, sonication is applied for about |5 minutes to exfoliate the carbon
nanotubes. An amount of PVDF is slowly added to the system over a period of 30 minutes to
obtain the desired weight fraction of carbon nanotube to PVDF. Vigorous stirring is
continued until a homogenous dispersion was obtained. A uniform black colored film of
PVDEF is obtained by removing the NMP in vacuo to constant weight.

[41] Examples 1-3 are dried PVDF films containing discrete carbon nanotubes in the

weight percentage 2.5, 7.5 and 10%, respectively.

[42] Control 1.

[43] Control 1 is made in a similar manner as example 1 except that no discrete carbon
nanotubes are added. The resultant dried film is a pale wellow., The impedance
measurements of the dry films and films swollen for 20 days in a mixture of ethylene
dicarbonate and propylene dicarbonate 50/50 and 50% by weight of lithium perchlorate are

provided in table 1.

[44] The results shown in Table | demonstrate that binder examples 1-3 with discrete
oxidized carbon nanotubes of this invention in PVDF gave significantly lower values of
impedance than the control 1 of PVDF film alone. Furthermore, the carbon nanotubes of

this invention demonstrate higher mass uptake of the LiC10O4 solvent mixture.
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[45] Examples 4 and 5: Binder composition of discrete carbon nanotubes (w/w) in SBR
Latex
[46] A polyether (BASF, Pluronic F-127) is dissolved in reverse osmosis water at a

weight ratio of 1.5 to 1 of the polyether to dry carbon nanotubes, then oxidized carbon
nanotubes are added at a concentration of less than 1.5 weight/volume carbon nanotubes to
water and sonicated for a period of 30 minutes to disperse the oxidized carbon nanotubes.
SBR latex (Dow Chemical Company. grade CP 615 NA. 50% solids content) is added
directly to the exfoliated carbon nanotubes at the desired carbon nanotube to SBR weight
ratio and stirred vigorously until homogenous. A black film is obtained on drying the

mixture in air, followed by drying in vacuo until constant weight of the film is obtained.

[47] Example 4 is made with five weight percent of discrete carbon nanotubes.

[48] Example 5 is made with seven point five weight percent of discrete carbon
nanotubes.

[49] Control 2

[50] Control 2 is made as example 4 and 5 except no discrete carbon nanotubes are added.

The film is clear.

[51] The impedance measurements of the dry films and films swollen for 2 days in a
mixture of ethylene dicarbonate and propylene dicarbonate 50/50 and 50% by weight of
lithium perchlorate are provided in table 2. The results demonstrate inclusion of discrete

carbon nanotubes of this invention with SBR provide a reduction in impedance.
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CLAIMS

What is claimed is the following:

L.

A composition comprising a binder material for cathodes and/or anodes of an energy
storage device such as a battery, capacitor or photovoltaic, wherein the binder material
comprises a plurality of discrete carbon nanotube fibers. said fibers having an aspect
ratio of from about 10 to about 500, and wherein at least a portion of the discrete carbon
nanotube fibers are open ended, preferably at least about 20% of the discrete fibers are
open ended, more preferably at least about 50%, and most preferably at least 90% of the

diserete carbon nanotubes fibers are open ended.

The composition of claim 1 where the portion of discrete carbon nanotubes that are open
ended result from dissolving catalyst particles integral to the initially closed carbon

nanotubes.
The composition of claim 1 further comprising at least one polymer.

The composition of claim 1 wherein the carbon nanotubes are further functionalized,
preferably comprising a molecule of mass greater than 50g/mole and more preferably
comprising carboxylate, hydroxyl, ester, ether, or amide moieties, or mixtures thereof.
The composition of claim | further comprising at least one dispersion aid, preferably the
dispersion aid comprising an ether moiety.

The composition of claim 1 wherein the discrete carbon nanotubes have a residual

metals level of less than about 4% by weight of the carbon nanotubes.

The composition of claim 1 wherein the carbon nanotube fibers comprise an oxidation
Page 14 of 21
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10.

Il

content from about 1 weight percent to about 15 weight percent.

The composition of claim 3 wherein the polymer is selected from the group consisting of
vinyl polymers, preferably poly(styrene-butadiene), partially or fully hydrogenated
poly(styrene butadiene) containing copolymers, functionalized poly(styrene butadiene)
copolymers such as carboxylated poly(styrene Dbutadiene) and the like,
poly(styrene-isoprene), poly(methacrylic acid). poly(acrylic acid), poly(vinylalcohols),
and poly(vinylacetates), fluorinated polymers, preferably poly(vinylidine difluoride)
and poly(vinylidene difluoride) copolymers., conductive polymers. preferably
poly(acetylene), poly(phenylene), poly(pyrrole), and poly(acrylonitrile), polymers
derived from natural sources, preferably alginates, polysaccharides, lignosulfonates, and
cellulosic based materials, polyethers, polyesters, polyurethanes, and polyamides, either

as graft, block or random copolymers, and mixtures thercof.

The composition of claim 1 wherein the discrete carbon nanotube fibers comprise from

about 0.1 weight percent to about 100% weight percent of the binder composition.
The compeosition of claim 2 in the form of free flowing particles.

The composition of claim 2 in the form of a dilution with liguid to make a solution,

slurry, or dispersion.

. The composition of claim 2 comprising additional inorganic structures.

. The composition of claim 12 wherein the additional inorganic structures comprise

elements selected from the groups two through fourteen of the Periodic Table of

Elements.

. The composition of claim 13 wherein the elements are selected from the group

Page 15 of 21
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15.

16.

18.°

19:

20.

consisting of silver. gold, silicon, vanadium. titanium, chromium. iron. manganese, tin,
nickel, palladium, platinum, cobalt, aluminum, gallium. germanium, indium, antimony,
copper and zinc, cadmium, mercury, or mixtures thereof including oxides and other

derivatives.

The composition of claim 12 wherein the additional inorganic structures comprise

non-fiber carbon structures.

The composition of claim 15 wherein the non-fiber carbon structures comprise
components selected from the group consisting of carbon black, graphite. graphene,

oxidized graphene, fullerenes and mixtures thereof.

An energy storage device comprising a plurality of discrete carbon nanotube fibers,
wherein the fibers are curved to better wrap particles within cathode or anode materials.
I'he compesition of claim 1 where the binder material has an impedance of less than or
equal to about one point five thousand billion ochm-m, preferably less than or equal to
about two hundred billion ohm-m and more preferably less than or equal to about one
billion ochm-m.

The composition of claim | wherein the cathode or anode material has a flexural strength
of at least about ten percent higher than a cathode or anode material made without the
plurality of discrete carbon nanotubes.

The composition of claim 1 where the cathode or anode material has an adhesive
strength to a current collector of at least about ten percent higher than a cathode or anode

material made without the plurality of discrete carbon nanotubes.
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21. The composition of claim 1 where the energy storage device has a power improved by at

2

[

2.

least about ten percent higher compared to an energy storage device made without the

plurality of discrete, open ended carbon nanotube fibers.

The composition of claim 1 resulting in an energy storage device with at least about ten

percent greater charge-discharge cyele lifetime compared to an energy storage device

made without discrete carbon nanotube fibers.

a)

b)

<)

d)

c)

2)

h)

. A process to form an electrode binder material comprising the steps of:

selecting discrete carbon nanotube fibers having an aspect ratio of from 10 to 500,

selecting discrete carbon nanotube fibers having an oxidation level from about lto

about 15% by weight,

selecting discrete carbon nanotubes wherein at least a portion of the tubes open

ended,
blending the carbon nanotube fibers with a liquid to form a liquid/fiber mixture.
optionally combining the liquid/fiber mixture with at least one dispersion aid.

optionally combining the liquid/ dispersed fiber mixture with additional inorganic

structures,

agitating or sonicating the liquid/fiber mixture to a degree sufficient to disperse the

fibers to form a liquid/dispersed fiber mixture,
optionally adjusting the pH to a desired level,

combining the liquid/fiber mixture with a liquid dispersion of a polymer, and
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i) optionally drying the dispersed fiber mixture and polymer.

24. The process of claim 24 wherein the agitating step (g) comprises sonication.

25. A process to form a paste for an energy storage device, comprising the electroactive
particles, adding discrete carbon nanotube fibers to the electroactive particles wherein
the fibers have an aspect ratio of from about 10 to about 500 and at least a portion of the
fibers are open ended, optionally with polymer, wherein the paste has a resistance to
cracking on drying of at least about 10 percent greater than resistance to cracking on
drying of a paste comprising the same components, but an absence of the discrete carbon
nanotube fibers.

26. A process to form a paste for an energy storage device , comprising the electroactive
particles, adding discrete carbon nanotube fibers to the electroactive particles wherein
the fibers have an aspect ratio of from about 10 to about 500 and at least a portion of the
fibers are open ended, optionally with polymer, wherein the paste exhibits at least about
ten percent greater shear strength before microfracture for improved paste film extrusion

and homogeneity.
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ABSTRACT

In various embodiments an improved binder composition using discrete carbon nanotubes, their
methods of production and utility for energy storage devices like batteries, capacitors and
photovoltaics is described. The binder composition further commprises polbyiners.  The discrete carbon
nanotubes further comprise at least a portion of the tubes being open ended and functionalized. The
utility of the binder composition includes improved capaciiy, power or durability in energy storage

devices.
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Table 1.
PVDF T Wit %0 mass Volume Volume resistivity

Carbon uptake in resistivity swollen with

nanotubes ECO/PCO Dry ECO/PCO &

and LiClO, Ohm-m LiClO., ohm-m

Control 1 0 6 1.579x10™ 3.035x10"
Example 1 2:5 1.315x10" 1.403x10"
Example 2 7 e 3.326x107 1.239x 10"
Example 3 10 14 1.216x10° 3.694x10°

216

Page 20 of 21



DNT 001

Table 2
SBR % weight % mass Volume
carbon uptake™ resistivity
nanotubes | ECO/PCO
LiC104
Control 2 0 -3 9.99x10"
Example 4 ] 2 4.241x10"
Example 5 7.5 -2 1.073x10"

2 day swell
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