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METHODS AND APPARATUS FOR LOW

HEAT SPRAY DRYING

CROSS REFERENCE TO RELATED

APPLICATIONS

This application claims the benefit of U.S. Provisional

Patent Application No. 61/386,762, filed Sep. 27, 2010, the

entire disclosure of which is hereby incorporated by refer-

ence.

BACKGROUND

The present invention relates to methods and apparatus for

spray drying a liquid product into a dried powder without

applying heat, or applying substantially low amounts of heat.

Spray drying is a method of producing a dry powder from

aliquid or slurry by rapidly drying with a hot gas (usually air).

Spray drying technology has existed since the late 1800’s and

has continually evolved over the past century.

The spray drying process begins with a liquid solvent,

commonly water, containing dissolved or suspended compo-

nents such as an emulsion. The suspension includes a sub-

stance to be encapsulated (the load) and an amphipathic car-

rier (usually some sort of modified starch), which are

homogenized as a suspension in the liquid solvent. The load

is typically some constituent component(s) of a food, fra-

grance, medicament, etc., and the homogenized suspension is

often referred to as a slurry.

Spray dryers use some type of atomizer, such as a spray

nozzle, to disperse the slurry into a controlled spray having

some relatively controlled droplet size. Depending on the

process requirements, droplet sizes may range from about 10

to 500 microns in diameter. The most common applications

require droplet sizes in the 50 to 200 micron range.

In conjunction with atomization, the slurry is fed into a

drying chamber, usually a tower into which heated air is also

introduced. The temperature of the air as it enters the drying

chamber is well over the boiling point of water, usually in the

range of 180-200° C. The heated air supplies energy for

evaporation of volatile components of the liquid (the water)

from the droplets. As the water evaporates, the carrier forms

a hardened shell around the load, producing a dried powder.

Reference is made to FIG. 1, which illustrates a conven-

tional spray drying system 50 and associated process. The

process begins with making a slurry of ingredients. The ingre-

dients include a liquid solvent, such as water 1, a carrier 2, and

active ingredient(s) 3. In the typical process, the water 1 and

carrier 2 are added into the solution tank 4 while stirring. The

active ingredient 3 is then added to the tank 4 and stirred into

the slurry. The active ingredient is either emulsified in the

carrier fluid system or dissolved into it. In order for conven-

tional spray drying processes to be commercially viable, typi-

cal slurry viscosities must be in the range of about 10-300

mPa-s.

The slurry formed in the solution tank 4 is delivered to an

atomizer 6 using a feed pump 5 or other means of conveyance.

The slurry enters the atomizer 6 and leaves the atomizer as a

spray of liquid droplets 8, and the droplets 8 are introduced

into a drying chamber 7. Concurrently, a feed of air is heated

by a process heater 11 and supplied into the drying chamber

7 by a blower 10. The water evaporated from the droplets 8

enters the heated air as the atomized liquid droplets 8 dry to

form solid particles after exposure to the incoming heated air.

The dried powder leaves the dryer chamber 7 along with

the water vapor laden air, and is carried to a cyclone separator

12, which removes the dried particles from the circulating air
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stream and deposits the particles into a collection container

13. The water vapor laden air exits the collection container 13

and enters a baghouse 14, where very fine particles are

removed before the water vapor laden air is sent into a con-

denser 9, via blower 15. The condenser 9 removes the water

vapor from the process air, and the collected water may be

re-used or discarded.

One of the prominent attributes of the traditional spray

drying process is the high temperature of the inlet gas (typi-

cally on the order of 200° C.) leaving the heater 11 and

entering the drying chamber 7, as well as the temperature of

the outlet gas exiting the drying chamber 7, which is usually

in excess of 100° C. Although the liquid droplets 8 are

injected into the high temperature environment within the

chamber 7, the droplets 8 do not actually reach the inlet gas

temperature. The droplets 8, however, do become heated to a

point at which considerable portions of desired constituents

of the droplets (i.e., portions of the load) are undesirably

modified, such as evaporated and/or oxidized. The undesir-

able modification to the load (load loss) leads to a reduction in

flavor (in the case of food loads), a reduction in aroma (in the

case of fragrances), etc. Essentially, evaporation and heat

degradation of the load lowers the performance characteris-

tics of the final powder product, and therefore results in a

significant degradation of performance in commercial use

and a significant loss of revenue.

The above disadvantageous characteristics of the conven-

tional spray dry process have resulted in many process modi-

fications and emulsion formulations to compensate for heat

induced alterations in the load. This is especially true in the

pharmaceutical industry, where excessive heating during

spray drying leads to degradation of the active ingredient ina

powdered medicament. This also presents a challenge to fla-

vorists in the powdered flavor industry to design flavor for-

mulations that can survive the drying process and deliver

acceptable (although significantly flawed) flavor characteris-

tics.

In view of the above, there are needs in the art for new

methods and apparatus for carrying out the spray drying

process, which reduce or eliminate the disadvantageous char-

acteristics of the conventional spray dry process.

SUMMARY OF THE INVENTION

Methods and apparatus for spray drying a liquid product

into a dried powder without applying heat provide for: form-

ing a slurry including a liquid solvent, a carrier, and an active

ingredient; applying an electrostatic charge to the slurry;

atomizing the charged slurry to produce a plurality of elec-

trostatically charged, wet particles; suspending the electro-

statically charged, wet particles for a sufficient time to permit

repulsive forces induced by the electrostatic charge on at least

some wet particles to cause at least some of such particles to

divide into wet sub-particles; and continuing the suspending

step, without the presence of any heated drying fluids, for a

sufficient time to drive off a sufficient amount of the liquid

solvent within most of the wet particles to leave a plurality of

dried particles (the powder), each dried particle containing

the active ingredient encapsulated within the carrier.

Preferably, a temperature of the non-heated drying fluid is

less than about 100° C. at introduction into the drying cham-

ber, such as at least one of: less than about 75° C. at introduc-

tion into the drying chamber; less than about 45° C. at intro-

duction into the drying chamber; less than about 35° C. at

introduction into the drying chamber; less than about 30° C.
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at introduction into the drying chamber; and at about an

ambient temperature of a room within which the drying

chamber is located.

The methods and apparatus may further provide for sub-

jecting the electrostatically charged, wet particles to a non-

heated drying fluid within a drying chamber to drive off the

liquid solvent. Alternatively or additionally, the methods and

apparatus may further provide for dehumidifying the non-

heated drying fluid prior to introduction into the drying cham-

ber. Alternatively or additionally, the methods and apparatus

may further provide for applying one or more electric fields

within the drying chamber to urge at least one of the wet

particles and the dry particles to travel in a direction defined

from an inlet end of the drying chamber to an outlet end of the

drying chamber.

The methods and apparatus may further provide for con-

trolling one or more of a viscosity of the slurry during forma-

tion a ratio of water within the slurry during formation, such

that one or more of: (i) the viscosity of the slurry at the

atomization step is at least one of: greater than about 300

mPa-s; greater than about 350 mPa-s; greater than about 400

mPa-s; greater than about 500 mPa-s; greater than about 600

mPa-s; greater than about 700 mPa-s; between about 500-16,

000 mPa-s; and between about 1000-4000 mPa-s; and (ii) the

ratio of water within the slurry at the atomization step is at

least one of: between about 20-50 weight percentage;

between about 20-45 weight percentage; between about

20-45 weight percentage; between about 20-40 weight per-

centage; about 30 weight percentage.

The apparatus may include a drying chamber, including an

inlet end, an outlet end, and an internal volume within which

the liquid product is dried, where the drying chamber is

formed from a non-electrically conductive material.

Additionally or alternatively, a first electrode may be

located at or near the inlet end of the drying chamber; and a

second electrode may be located at or near the outlet end of

the drying chamber, where application of a source of voltage

potential between the first and second electrodes induces an

electric field within the drying chamber sufficient to urge

particles of the liquid product, produced by way of atomiza-

tion, from the inlet end toward the outlet end of the drying

chamber. Preferably, the first and second electrodes are dis-

posed external to the drying chamber, yet induce an electric

field within the internal volume of the drying chamber by

virtue of the formation of the drying chamber from the non-

electrically conductive material.

The apparatus may additionally or alternatively include a

nozzle operating to atomize a slurry to produce a plurality of

wet particles, where the slurry includes a liquid solvent, a

carrier, and an active ingredient. The apparatus may further

include at least one electrode operating to contact the slurry

and apply an electrostatic charge thereto, such that the nozzle

operates to produce a plurality of electrostatically charged

wet particles. The at least one electrode may be disposed

within the nozzle such that the slurry contacts the electrode

and becomes electrostatically charged while flowing from an

inlet end to an outlet end of the nozzle.

A dried powder produced using one or more aspects of the

invention may include: a plurality of dried particles, which

individually contain an amount of final active ingredient

encapsulated within a carrier resulting from drying a slurry

containing an initial active ingredient, a liquid solvent and the

carrier, wherein: the initial active ingredient includes one or

more constituent components, at least one of which is among

one or more principle molecular types from which at least one

of a desirable food, flavor, fragrance, medicament, and pig-

ment is obtained; the final active ingredient includes one or

10

15

20

25

30

35

40

45

50

55

60

65

4

more of the constituent components corresponding with those

of the initial active ingredient as modified by the drying of the

slurry; and wherein a weight percentage of at least one of the

one or more principle molecular types in the final active

ingredient is within about 5% of a weight percentage of the

corresponding principle molecular types in the initial active

ingredient.

Alternatively or additionally, the weight percentage of at

least one of the one or more principle molecular types in the

final active ingredient may be within about 3%, 2% or 1% of

a weight percentage of the corresponding principle molecular

types in the initial active ingredient.

Additionally or alternatively, a dried powder produced

using one or more aspects of the invention may include: a

plurality of dried particles, which individually contain an

amount of active ingredient encapsulated within a carrier,

wherein: the active ingredient includes one or more constitu-

ent components, at least one of which is among one or more

principle molecular types from which at least one of a desir-

able food, flavor, fragrance, medicament, and pigment is

obtained; and wherein a weight percentage of at least one of

the one or more principle molecular types in the active ingre-

dient does not vary by more than about 5% during aging of the

dried powder during any period of elevated temperature of

about 95° F. up to about 1000 hours.

Additionally or alternatively, the weight percentage of at

least one of the one or more principle molecular types in the

active ingredient does not vary by more than about 3%, 2% or

1% during aging of the dried during any period of elevated

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

Other aspects, features, and advantages of the present

invention will be apparent to one skilled in the art from the

description herein taken in conjunction with the accompany-

ing drawings.

DESCRIPTION OF THE DRAWINGS

For the purposes of illustration, there are forms shown in

the drawings that are presently preferred, it being understood,

however, that the invention is not limited to the precise

arrangements and instrumentalities shown.

FIG. 1 is a system for spray drying a liquid product into a

dried powder through the convention application of heated air

in accordance with the prior art;

FIG. 2 is a system for spray drying a liquid product into a

dried powder without employing heated air in accordance

with one or more aspects of the present invention;

FIG. 3 is a cross-sectional view of an atomizer that may be

employed in the system of FIG. 2 in order to produce a

plurality of droplets from a slurry in accordance with one or

more aspects of the present invention;

FIG. 4 is a cross-sectional view of a distal end of an atom-

izer that may be employed in the atomizer of FIG. 3 in

accordance with one or more aspects of the present invention;

FIG. 5 is a perspective, exploded view of certain compo-

nents of the distal end of the atomizer of FIG. 4 in accordance

with one or more aspects of the present invention;

FIG. 6 is a schematic, side view of a drying chamber that

may be employed in the system of FIG. 2 in accordance with

one or more aspects of the present invention;

FIG. 7 is an image of dried powder non-fibrous particles

produced using the system of FIG. 2;

FIG. 8 is an image of a cross-section through one of the

dried powder particles of FIG. 7 showing the encapsulation of

the load within the carrier;

FIG. 9 is an image of dried powder fibers produced using

the system of FIG. 2;
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FIG. 10 is an image of a cross-section through one of the

dried powder fibers of FIG. 9 showing the encapsulation of

the load within the carrier; and

FIG. 11 is a graph illustrating certain properties of dried

powder particles produced using the system of FIG. 2 as

compared with the conventional spray drying process.

DETAILED DESCRIPTION OF THE PREFERRED

EMBODIMENTS

With reference to the drawings, wherein like numerals

indicate like elements, there is shown in FIG. 2 a system 100

for spray drying a liquid product into a dried powder without

employing heated air in accordance with one or more aspects

of the present invention. The system 100 includes some of the

same or similar elements as in the system 50 of FIG. 1, which

elements have the same reference designators.

By way ofa high level description, the system 100 includes

a drying chamber 107 into which a slurry is fed by way of a

feed pump 5 (or equivalent conveying mechanism). The

slurry enters an atomizer 106 and leaves the atomizer as a

spray of liquid droplets 108, which are introduced into the

drying chamber 7. Concurrently, a feed of non-heated fluid

(such as air or another suitable gas) is supplied into the drying

chamber 107 by a blower 10. The supplied air may be sub-

jected to dehumidification (via dehumidifier 110) prior to

introduction into the drying chamber 107. The atomized liq-

uid droplets 108 dry to form solid particles after exposure to

the incoming air. Water evaporates from the droplets 108 and

enters the air within the drying chamber 107. Dried powder

leaves the drying chamber 107 along with the water vapor

laden air, and is carried to a cyclone separator 12, which

removes the dried particles from the circulating air stream and

deposits the particles into a collection container 13. The water

vapor laden air exits the collection container 13 and enters a

baghouse 14, where very fine particles are removed before the

water vapor laden air is sent into a condenser 9, via blower 15.

The condenser 9 removes the water vapor from the process

air, and the collected water may be re-used or discarded.

There are a number of very significant differences between

the systems of FIGS. 1 and 2. Among these differences is the

fact that the system 100 and related spray drying process does

not use a heated fluid (e.g., air) to dry the atomized droplets

within the drying chamber. The use of non-heated air is

directly counter to the conventional and accepted wisdom in

the spray drying art. Indeed, there is no known prior art spray

drying process or system that does not use significantly

heated air (on the order of 200° C.) in the drying process,

despite the fact that the load loss associated with the heating

process is well understood by skilled artisans. The reason that

conventional spray drying processes call for heated air, how-

ever, is that artisans have failed to develop an alternative to

using heated air that results in suitable (albeit degraded) dried

powder product.

Among the reasons that non-heated air may be used in the

spray drying system 100 and process is that the slurry is not

conventional. In general, the slurry includes a liquid solvent,

a carrier, and an active ingredient. The liquid solvent is usu-

ally water, however, other suitable solvents may be employed

if needed or desired. The carrier is usually a modified starch.

The active ingredient may be any desirable single constituent

component or a combination of constituent components, at

least one of which is among one or more principle molecular

types from which at least one of a desirable food, flavor,

fragrance, medicament, pigment, probiotic, bacteria, etc. is

obtained.
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Formation of the slurry is controlled such that regulation of

at least one of the viscosity, the amount of liquid solvent (e.g.,

water), or other suitable metric relating to the water content of

the slurry, is obtained. For example, the formation of the

slurry may include controlling a viscosity of the slurry such

that the viscosity at the atomization step is at least one of:

greater than about 300 mPa-s; greater than about 350 mPa-s;

greater than about 400 mPa-s; greater than about 500 mPa-s;

greater than about 600 mPa-s; greater than about 700 mPa-s;

between about 500-16,000 mPa-s; and between about 1000-

4000 mPa-s. Additionally or alternatively, the formation of

the slurry may include controlling a ratio of water within the

slurry such that the ratio of water within the slurry at the

atomization step is at least one of: between about 20-50

weight percentage; between about 20-45 weight percentage;

between about 20-45 weight percentage; between about

20-40 weight percentage; and about 30 weight percentage. In

order to provide some information as to the significant differ-

ences between a slurry according to one or more embodi-

ments of the invention and conventional slurries, it is noted

that conventional slurries have viscosities between about

10-200 mPa-s and contain an amount of water between about

50-70% by weight.

Another reason that non-heated air may be used in the

spray drying system 100 (and process) relates to an uncon-

ventional electrostatic charging process that is conducted

before, during or after atomization. In particular, an electro-

static charge is applied to the slurry or to the atomized drop-

lets 108, preferably the former. In this regard, the system 100

includes a high voltage supply 104 (such as about 45 kV DC)

that is coupled to one or more electrodes (not shown in FIG.

2). The polarity of the high voltage supply 104 may be in

either the positive or negative configuration. The slurry (or

atomized droplets 108) is brought into contact with the elec-

trode to impart an electrical charge thereto. In a preferred

embodiment, the slurry is brought into contact with the elec-

trode(s) in order to produce a charged slurry. Concurrently or

thereafter, the charged slurry is atomized to produce a plural-

ity of electrostatically charged, wet particles (droplets) 108.

The respective charge on the wet droplets 108 produces a

force that tends to cause adjacent droplets to repel one

another. Additionally, the force on a given droplet 108

opposes the surface tension of such given droplet 108. When

the charge on the given droplet 108 exceeds a threshold level,

the Rayleigh limit, the droplet 108 becomes unstable and

smaller satellite droplets 108 are ejected from the given (par-

ent) droplet 108. One or more of the satellite droplets 108, in

turn, might also become unstable and produce additional

satellite droplets 108, since the surface charge density does

not diminish in the satellite droplets 108 as evaporation takes

place.

The electrostatically charged, wet particles/droplets 108

are suspended for a sufficient time within the drying chamber

107 to permit the aforementioned repulsive forces induced by

the electrostatic charge on at least some wet particles/droplets

108 to cause at least some of such particles to divide into wet

sub-particles/droplets 108. The suspension of the droplets

108 continues, without the presence of any heated drying

fluids, for a sufficient time to drive off a sufficient amount of

the liquid solvent within most of the wet particles/droplets

108 to leave a plurality of dried particles (the powder), each

dried particle containing the active ingredient encapsulated

within the carrier. Notably, the production of sub-particles/

droplets 108 from a given volume of atomized slurry (.e.,

from a given droplet 108) results in faster drying of such

volume due to a greatly increased aggregate surface area of
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the sub-particles/droplets 108 and concomitant reduction of

particle volume of each sub-particle/droplet 108 following

each fission event.

The production of sub-particles/droplets 108 may be

referred to as coulombic fission. The time scale for such

coulombic fission events is on the order of a few microsec-

onds to milliseconds. The fission of about ten (10) sub-par-

ticles/droplets 108 from a given particle/droplet 108 reduces

a diameter of the given particle/droplet 108 by about 30%.

The amount of time that it takes to achieve such reduction in

diameter (on the order ofa few microseconds to milliseconds)

is an order of magnitude faster than diffusive evaporation in

the presence of heated air, which occurs with a characteristic

time t in accordance with the following formula:

t=do*/k

where do is the diameter of the particle and k is the evapora-

tive diffusion coefficient. For particles in the 20 to 200 mm

diameter range, the time to any significant diameter reduction

by evaporation is on the order of tenths to several seconds,

which is far longer (one to two orders of magnitude) than

diameter reduction by coulombic fission.

The individual or combined characteristics of relative low

water content in the slurry and electrostatic charge on the

droplets 108 permits vastly a different temperature condition

within the drying chamber 107 as compared with prior art

systems and processes. For example, a temperature of the

non-heated drying fluid (air) introduced into the drying cham-

ber 107 may be at least one of: less than about 100° C.; less

than about 75° C.; less than about 45° C.; less than about 35°

C.; less than about 30° C.; and at about an ambient tempera-

ture of a room within which the drying chamber 107 is

located. The above temperature ranges assume a lower limit

above freezing.

Tt has been demonstrated that an inlet air temperature of

about 40° C. may result in an outlet air temperature of about

32° C. from the drying chamber 107.

While elevated temperatures as compared to the conven-

tion spray drying process of the prior art may not be neces-

sary, it may be desirable to ensure that the drying fluid (air)

introduced into the drying chamber 107 is of relatively low

water content. Thus, the system 100 may include the process

dehumidifier 110 in order to remove some amount of water

from the air prior to introduction into the drying chamber 107.

After dehumidification, the non-heated air as input into the

drying chamber 107 may be at a relative humidity of about

T%.

The atomizer 106 may be implemented by way of any of

the known methods, apparatus, and/or techniques. For

example, the atomizer 106 may be implemented using at least

one of: a nozzle technique, a centrifugal technique, a pneu-

matic technique, and an ultrasonic technique. For most atomi-

zation techniques, the slurry does not leave the atomizing

mechanism as a final droplet 108, but rather as a fragment of

a thin liquid film or ligament. The formation of droplets 108

takes place immediately after the liquid has left the atomizing

mechanism, due to the surface tension of the liquid. The

droplet size from a given type of atomization depends on the

energy input into breaking the slurry into fragments, 1.e.,

increasing the overall effective surface area of the slurry.

The average droplet size and distribution may be fairly

constant for a given atomization technique, and may be in the

range of 10-300 microns. The electrostatic charge process

and resultant coulombic fission process in accordance with

the various embodiments herein produces, in general, larger

particles than conventional spray drying processes. The larger

particles, however, come from even larger, parent particles,
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which conventional atomizers cannot adequately produce.

The daughter particles produced in accordance with the

embodiments herein are smaller, and the process tends to

make bimodal size distributions for very viscous slurries.

Centrifugal (or rotary) atomization may be considered the

most common form of atomization. Centrifugal atomization

employs a rotating disc or wheel, which breaks the liquid

stream of slurry into droplets. The centrifugal atomization

device may employ a disc or wheel of about 5 to 50 cm in

diameter, which spins in the range of about 5,000 to 40,000

rpm. The size of the droplets 108 produced by a centrifugal

atomization device is about inversely proportional to the

peripheral speed of the disc or wheel.

Nozzle atomization employs a pump (e.g., the feed pump

of FIG. 2), which pressurizes and forces the slurry through the

orifice of a nozzle to break the liquid into fine droplets. The

orifice size is usually in the range of 0.5 to 30 mm. The size of

the droplets depends on the size of the orifice and the pressure

drop. A larger pressure drop across the orifice produces

smaller droplets. Therefore, to reduce the particle/droplet size

for a given feed rate, a smaller orifice and a higher pump

pressure may be employed.

Two-fluid pneumatic atomization employs the interaction

of the slurry with another fluid, usually compressed air using

a fluid nozzle for the compressed air and a fluid nozzle for the

slurry. The pressure of the air and slurry may be in the range

of about 200 to 350 kPa. Particle size is controlled by varying

a ratio of the compressed air flow to that of the slurry flow.

Sonic atomization employs ultrasonic energy to vibrate a

surface at ultrasonic frequencies. The slurry is brought into

contact with the vibrating surface in order to produce the

particles/droplets 108.

With reference to FIGS. 3-5, one or more embodiments of

the present invention may employ a nozzle-type atomizer

106. FIG. 3 is a cross-sectional view of a two-fluid atomizer

200 that may be employed as the atomizer 106 in the system

of FIG. 2 in order to produce the wet particles/droplets 108

from the slurry. FIG. 4 is a cross-sectional view of a distal end

of the two-fluid atomizer 200 of FIG. 3, and FIG. 5 is a

perspective, exploded view of certain components of the dis-

tal end of the two-fluid atomizer 200 of FIG. 4.

The two-fluid atomizer 200 includes a body 202 having a

proximal end 204 and a distal end 206. A channel 208 extends

through the body 202 and includes an inlet 210, generally

near the proximal end 204 of the body 202, and an outlet 212,

generally near the distal end 206 of the body 202. The channel

208 operates to convey a first of the two-fluids, 1.e., the slurry,

from the inlet 210 to the outlet 212.

The two-fluid atomizer 200 also includes at least one elec-

trode 214 operating to contact the slurry and apply an elec-

trostatic charge thereto, such that the two-fluid atomizer 200

operates to produce a plurality of electrostatically charged

wet particles/droplets 108. In one or more embodiments, the

at least one electrode 214 may be disposed within the body

202 of the two-fluid atomizer 200 such that the slurry contacts

the electrode 214 and becomes electrostatically charged

while flowing from the inlet 210 to the outlet 212 of the

channel 208. As illustrated in FIG. 3, the electrode 214 may

be disposed within the channel 208, preferably in a coaxial

arrangement, such that a significant portion of the surface

area of the electrode 214 is available for contact with the

slurry. The electrode 214 may be inserted into the channel 208

by way of a threaded bore of the body 202 and complemen-

tary threaded shaft of the electrode 214, which when engaged,

positions the electrode within the channel 208. A connection

terminal 216 may be electrically and mechanically coupled to

the electrode 214 in order to provide a means for connecting
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with the high voltage supply 104 and receiving voltage poten-

tial at the surface of the electrode 214.

With reference to FIGS. 3 and 4, the two-fluid atomizer 200

may include a nozzle 220 in fluid communication with the

outlet 212 of the channel 208. In particular, the outlet 212 of

the channel 208 includes a tube 224 sized and shaped to

engage, and be received within, a complementary bore 226 at

an inlet end 228 of the nozzle 220. The engagement of the

tube 224 and bore 226 permits fluid communication of the

slurry (which has been electrostatically charged) from the

channel 208 into an internal volume 230 intermediately dis-

posed within the nozzle 220. A sealing ring 232 may be

employed to ensure a fluid tight seal between the tube 224 and

the bore 226, even under fluid pressure. The nozzle 220 pref-

erably includes a transition section 234 of reducing diameter

(a tapering surface) extending from the internal volume 230

to anozzle orifice 236. The nozzle orifice 236 is preferably of

a generally cylindrical shape, including an internal bore of a

size sufficient to produce wet particles/droplets 108 of desired

size and shape once they succumb to surface tension forces.

The two-fluid atomizer 200 may further include a nozzle

cap 222, which generally surrounds the nozzle 220 and per-

mits the nozzle orifice 236 to extend through a bore 266 at a

distal end thereof. The nozzle cap 222 includes an engage-

ment feature at a proximal end thereof, which engages the

distal end of the body 202. In particular, the nozzle cap 222

includes a threaded shank 238, which threads into a comple-

mentary threaded bore 240 of the body 202. A sealing ring

242 may be employed to ensure a fluid tight seal as between

an internal surface 244 of the nozzle cap 222 and an external

surface 246 of the nozzle 220, thereby forming an internal

volume 248 therebetween.

The two-fluid atomizer 200 includes another channel 250

extending through the body 202, which includes an inlet 252,

generally near the proximal end 204 of the body 202, and an

outlet 254, generally near the distal end 206 of the body 202.

The channel 250 operates to convey a second of the two-

fluids, i.e., the non-heated air, from the inlet 252 to the outlet

254. The outlet 254 is in fluid communication with the inter-

nal volume 248 (between the internal surface 244 of the

nozzle cap 222 and the external surface 246 of the nozzle

220). Thus, the channel 250 operates to convey the non-

heated air from the proximal end 204 to the distal end 206 of

the two-fluid atomizer 200. The flow of the non-heated air

through the two-fluid atomizer 200 may be about 5100 m?/hr

at an input pressure of about 130 psi.

As best seen in FIGS. 4-5, the nozzle 220 includes a tapered

surface 260 on an exterior thereof, which is downstream of

the exterior surface 246 and downstream of the internal vol-

ume 248. The nozzle cap 222 includes a complementary

internal surface in abutment with the tapered surface 260. A

number of grooves (recesses) 262 are disposed in the tapered

surface 260 and extend from the internal volume 248 toward

the nozzle orifice 236. When the complementary internal

surface of the nozzle cap 222 is in abutment with the tapered

surface 260, the grooves 262 provide fluid communication of

the non-heated air from the internal volume 248 toward the

nozzle orifice 236. The grooves terminate at an annular space

264 betweena peripheral edge of the tapered surface 260 and

the outer surface of the nozzle orifice 236, where the nozzle

orifice 236 exits the nozzle 220. The annular space 264 is in

fluid communication with the bore 266, whereby a suitably

sized bore (larger than a diameter of the nozzle orifice 236)

permits the non-heated air to exit the nozzle 220 and nozzle

cap 222 under pressure. Preferably, the grooves 262 extend

such that they terminate tangentially to the annular space 264

and thereby cause the non-heated air to produce a swirling
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fluid motion within the space 264 and in the vicinity of the

nozzle orifice 236 after it has exited the bore 266.

The swirling fluid motion of the non-heated air, as it leaves

the nozzle 220 and nozzle cap 222, imparts a swirling agita-

tion to the plurality of wet particles/droplets 108 as they leave

the nozzle 220. Such swirling agitation may suspend and

agitate the wet particles/droplets 108 in order to achieve the

aforementioned fission and evaporation. The above approach

to atomization enables relatively high slurry throughput, on

the order of 1-20 kg/hr at an input pressure of about 20-100

psi.

Reference is now made to FIG. 6, which is a schematic,

side view of a drying chamber 107 that may be employed in

the system 100 of FIG. 2 in accordance with one or more

aspects of the present invention. The drying chamber 107 may

include an inlet end 300, an outlet end 302, and an internal

volume 304, within which the wet particles/droplets 108 are

dried. The drying chamber is formed from a non-electrically

conductive material. Itis noted that the choice of materials (in

this case a non-electrically conductive material, a non-metal)

is not a mere matter of obvious design choice. Indeed, the

conventional wisdom of the prior art spray drying process

requires heated air (on the order of 200° C.), which conse-

quently requires a metal drying chamber (typically stainless

steel), otherwise the chamber would warp or otherwise fail.

A benefit of using non-heated air (which is directly counter

to the conventional wisdom in the spray drying art) is that the

drying chamber 107 may be formed from a non-metallic

material; indeed, the temperature inside the drying chamber

107 may be less than 50° C. Thus, materials such as polymer-

based composites may be employed for implementing the

basic drying chamber 107. By way of example, filament

wound fiberglass composite tanks (which are used for storage

of water, various food stuffs, grain storage, brines and many

non-food based applications) have excellent load carrying

properties and can be used for making very large tanks. In one

or more embodiments, such filament wound fiberglass com-

posite materials may be used to fabricate the drying chamber

107 discussed herein. An advantage of using engineered plas-

tics is the lower cost of the basic materials and the cost of

manufacturing when compared to similar sized vessels made

from stainless steel, for example. These materials also enable

greater flexibility in the design of the drying chamber 107,

making complex shapes possible, which are much more dif-

ficult and expensive to manufacture from stainless steel.

The use of non-metallic, non-conducting dielectric mate-

rials to form the drying chamber 107 (such as the engineered

plastic composite materials), permits the use of one or more

electric fields within the drying chamber 107 itself, to urge the

particles/droplets 108 into desired trajectories and/or to urge

such particles/droplets 108 from the inlet end 300 toward the

outlet end 302 of the drying chamber 107. Notably, it is

virtually impossible to develop an electric field inside a

metallic, conductive vessel of the prior art because all charge

accumulates on the surface of the vessel.

In accordance with one or more embodiments, the drying

chamber 107 may include a first electrode 310 located at or

near the inlet end 300 thereof, and a second electrode 312

located at or near the outlet end 302 of the drying chamber

107. The application of a source of voltage potential between

the first and second electrodes 310, 312 induces an electric

field (illustrated as broken lines) within the drying chamber

107 sufficient to urge the particles/droplets 108 into desired

trajectories as they dry within the chamber 107. One such

desirable trajectory is to cause the lines of the electric field to

extend generally parallel to the walls of the drying chamber

107, even where such walls taper toward the outlet end 302.

20



US 8,939,388 B1

11

To achieve such trajectory, the second electrode 312 would

have to be of a relatively small diameter as compared to the

first electrode 310 (as is depicted by only the solid portion of

the line of the electrode 312.) If the first and second electrodes

310, 312 are of generally the same diameter, then the lines of

the electric field would extend generally parallel to the walls

of the drying chamber 107, and then pass through the tapered

walls at the outlet end 302. Other particle trajectories may be

achieved based on number, location, size, and shape of the

electrodes. As illustrated, the first and second electrodes 310,

312 may be disposed external to the drying chamber 107, yet

induce an electric field within the internal volume 304 of the

drying chamber 107 by virtue of the formation thereof from

non-electrically conductive material.

To illustrate the utility of the no heat spray drying process

for probiotic applications, DannonTM Aunatural plain yogurt

was subject to spray drying process described herein. In order

to show that the bacteria (called LZ. acidophilus) survived the

process, the spray dried yogurt was used to produce a new

culture of yogurt. Since yogurt is approximately 85% water

by weight, a slurry was formed using 643 grams of starch

M180 and 357 grams of yogurt to make a 1 kg batch of slurry.

The starch to yogurt ratio was about 1.8. The slurry was

subject to the no-heat drying process discussed above with

respect to FIG. 2 and related illustrations. The resulting pow-

der was then mixed with milk and a new yogurt culture was

produced. A control culture using some of the original yogurt

was also made. The spray dried bacteria produced the same

amount of culture as the control using comparable starting

weights of bacteria.

Reference is now made to FIGS. 7-8, which respectively

are an image of dried powder non-fibrous particles produced

using the system of FIG. 2, and a cross-section through one of

the dried powder particles of FIG. 7. As can be seen in the

scanning electron images, the dried particle morphology ben-

efits from a no-heat process in that the particles do not expe-

rience an abrupt rise in temperature as they enter the drying

chamber and the particles do not exhibit cracks on the surface,

volcano structures on the surface, or hollow regions within

the particles. The cross-section of the particle shows a uni-

form distribution of encapsulated constituent component(s),

in this case flavor oil droplets, in the micron-diameter range.

Reference is now made to FIGS. 9-10, which respectively

are scanning electron images of dried powder fibers produced

using the system of FIG. 2, and a cross-section through one of

the dried powder fibers. Through modifications of the emul-

sion of the slurry, it is also possible to produce fibers instead

of particles. For example, to make fibers one may change the

carrier material (e.g., the starch) to a lower DE (dextrose

equivalent), such that the concentration level at which an

“entanglement transition” occurs is crossed. At such concen-

tration level, the large starch molecules interact in a manner

such that the slurry begins to manifest extensional viscoelas-

tic properties that permit fibers to form. As can be seen in the

scanning electron images, the dried fiber morphology is also

characterized by a lack of cracks on the surface, volcano

structures on the surface, or hollow regions within the fibers.

The cross-section of the fiber also shows a uniform distribu-

tion of encapsulated constituent component(s), in this case

flavor oil droplets, in the micron-diameter range.

Reference is now made to FIG. 11, which is a graph illus-

trating the weight percentage of the desired component(s)

within dried powder particles produced using the system of

FIG. 2 as compared with the conventional spray drying pro-

cess. The no-heat process has demonstrated higher levels of

preservation of starting active ingredients such as volatile

flavor molecules. FIG. 11 shows the results of a 1000 hour
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accelerated aging study (at elevated temperatures of about

95° F.) comparing powders produced by conventional spray

dry processing and the no-heat process. In the illustrated

results, amounts of a particular constituent component, in this

case a principle molecular type called D-Limonene (obtained

from orange oil), were measured in an un-processed source of

flavor oil 400, dried powder 402 produced in accordance with

the no-heat process described herein, and dried powder 404

produced in accordance with the prior art heated air process.

As FIG. 11 clearly shows, the no-heat powder 402 retains

essentially the same flavor 011 composition as the original oil

source 400 used to produce the starting slurry, whereas the

conventionally spray dried powder 404 departs significantly

from the original starting oil 400. Similar results were found

for all other principal constituents of other flavor oils. Addi-

tionally, the appearance of degradation products was greatly

diminished in the no-heat samples, resulting in longer pro-

jected shelf-life of the powder.

The above data reveal that not only are some of the struc-

tures and processes of the system 100 of FIG. 2 inventive, but

the dried powder (or fiber) itself is inventive. Indeed, the

resultant dried powder (or fiber) includes a plurality of dried

particles/fibers, which individually contain an amount of final

active ingredient encapsulated within a carrier resulting from

drying the slurry, which contained an initial active ingredient,

a liquid solvent and the carrier. The initial active ingredient

includes one or more constituent components, at least one of

which is among one or more principle molecular types from

which at least one of a desirable food, flavor, fragrance, medi-

cament, bacteria, probiotic, pigment, etc. is obtained. The

final active ingredient includes one or more of the constituent

components corresponding with those of the initial active

ingredient as modified by the drying of the slurry. A weight

percentage of at least one of the one or more principle

molecular types in the final active ingredient is essentially the

same (e.g., within about 5%, 4%, 3%, or 1% of a) weight

percentage of the corresponding principle molecular types in

the initial active ingredient.

Another way to characterize the inventive characteristics of

the dried powder/fibers is that a weight percentage of at least

one of the one or more principle molecular types in the active

ingredient does not vary significantly (not by more than about

5%, 4%, 3%, 2%, or 1%) during aging of the dried powder

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

to about 1000 hours.

Although the invention herein has been described with

reference to particular embodiments, it is to be understood

that these embodiments are merely illustrative of the prin-

ciples and applications of the present invention. It is therefore

to be understood that numerous modifications may be made

to the illustrative embodiments and that other arrangements

may be devised without departing from the spirit and scope of

the present invention as defined by the appended claims.

The invention claimed is:

1. A system for spray drying a liquid product into a dried

powder, comprising:

a drying chamber, including an inlet end, an outlet end, and

an internal volume within which the liquid product is

dried in contact with a drying fluid therein;

an atomizer adapted to receive the liquid product in a form

including a liquid solvent, a carrier, and an active ingre-

dient, and to discharge atomized liquid product into the

drying chamber for contact with the drying fluid to form

the dried powder containing the active ingredient encap-

sulated within the carrier;

further comprising a source of said liquid solvent, a source

of carrier, and a source of active ingredient(s), a tank
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equipped with a stirring device and arranged to receive

liquid solvent, carrier, and active ingredient(s) from said

sources to form the liquid product comprising a slurry

having viscosity in a range of from 500 to 16,000 mPa-s,

wherein the liquid solvent comprises water, wherein the

carrier comprises starch, and wherein the drying fluid

comprises air at temperature that is above freezing tem-

perature of the liquid solvent and below 100° C.

2. A method for spray drying a liquid product into a dried

powder without applying heat, comprising:

providing a system according to claim 1;

forming the liquid product as a slurry including a liquid

solvent, a carrier, and an active ingredient;

applying an electrostatic charge to the slurry;

utilizing the atomizer, atomizing the charged slurry to pro-

duce a plurality of electrostatically charged, wet par-

ticles and discharging the electrostatically charged, wet

particles into the drying chamber;

suspending the electrostatically charged, wet particles in

the drying chamber in contact with the drying fluid fora

sufficient time to permit repulsive forces induced by the

electrostatic charge on at least some wet particles to

cause at least some of such particles to divide into wet

sub-particles; and

continuing the suspending step in the drying chamber,

without the presence of any heated drying fluids at tem-

perature in a range of 180 to 200° C., fora sufficient time

to drive off a sufficient amount of the liquid solvent

within most of the wet particles to leave a plurality of

dried particles in the dried powder, each dried particle

containing the active ingredient encapsulated within the

carrier.

3. The method for spray drying of claim 2, wherein the

drying fluid comprises a non-heated drying fluid.

4. The method for spray drying of claim 3, wherein a

temperature of the drying fluid is less than about 100° C. at

introduction into the drying chamber.

5. The method for spray drying of claim 4, wherein the

temperature of the drying fluid is at least one of: less than

about 75° C. at introduction into the drying chamber; less than

about 45° C. at introduction into the drying chamber; less than

about 35° C. at introduction into the drying chamber; less than

about 30° C. at introduction into the drying chamber; and at

about an ambient temperature of a room within which the

drying chamber is located.

6. The method for spray drying of claim 3, further com-

prising dehumidifying the drying fluid prior to introduction

into the drying chamber.

7. The method for spray drying of claim 3, further com-

prising applying the drying fluid under pressure to suspend

and agitate the wet particles within the drying chamber.

8. The method for spray drying of claim 3, further com-

prising applying the drying fluid under pressure and in one or

more direction to impart a swirling motion to the wet particles

within the drying chamber.

9. The method for spray drying of claim 3, further com-

prising applying one or more electric fields within the drying

chamber to urge at least one of the wet particles and the dried

particles to travel in a direction defined from an inlet end of

the drying chamber to an outlet end of the drying chamber.

10. The method for spray drying of claim 2, further com-

prising controlling a viscosity of the slurry during formation

such that the viscosity of the slurry at the atomization step is

at least one of: greater than about 300 mPa-s; greater than

about 350 mPa-s; greater than about 400 mPa-s; greater than

about 500 mPa-s; greater than about 600 mPa-s; greater than
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about 700 mPa-s; between about 500-16,000 mPa-s; and

between about 1000-4000 mPa-s.

11. The method for spray drying of claim 2, wherein the

liquid solvent comprises water, said method further compris-

ing controlling a ratio of water within the slurry during for-

mation such that the ratio of water within the slurry at the

atomization step is at least one of: between about 20-50

weight percentage; between about 20-45 weight percentage;

between about 20-45 weight percentage; between about

20-40 weight percentage; about 30 weight percentage.

12. The method for spray drying of claim 2, wherein the

step of atomizing is carried out using at least one of: a nozzle

technique, a centrifugal technique, a pneumatic technique,

and an ultrasonic technique.

13. The method for spray drying of claim 2, wherein at least

one of:

the active ingredient includes at least one of foods, flavors,

fragrances, medicaments, pigments, probiotics, bacte-

ria;

the carrier includes a modified starch; and

the liquid solvent includes water.

14. The system of claim 1, further comprising:

a first electrode located at or near the inlet end of the drying

chamber; and

a second electrode located at or near the outlet end of the

drying chamber,

wherein application of a source of voltage potential

between the first and second electrodes induces an elec-

tric field within the drying chamber sufficient to urge

particles of the liquid product, produced by way of

atomization, from the inlet end toward the outlet end of

the drying chamber.

15. The system of claim 14, wherein the first and second

electrodes are disposed external to the drying chamber, yet

induce an electric field within the internal volume of the

drying chamber by virtue of the formation of the drying

chamber from the non-electrically conductive material.

16. The system of claim 1, wherein the atomizer comprises:

a nozzle operating to atomize the liquid product compris-

ing a slurry to produce a plurality of wet particles as said

atomized liquid product discharged into the drying

chamber for contact with the drying fluid.

17. The system of claim 16, further comprising at least one

electrode operating to contact the slurry and apply an elec-

trostatic charge thereto, such that the nozzle operates to pro-

duce a plurality of electrostatically charged wet particles.

18. The system of claim 17, wherein the at least one elec-

trode is disposed within the nozzle such that the slurry con-

tacts the electrode and becomes electrostatically charged

while flowing from an inlet end to an outlet end of the nozzle.

19. The system of claim 16, wherein the nozzle includes an

inlet for receiving a source of pressurized, drying fluid and an

outlet end including a plurality of channels operating to direct

the drying fluid to swirl as it leaves the nozzle, thereby impart-

ing a swirling agitation to the plurality of wet particles as they

leave the nozzle.

20. A dried powder, comprising:

aplurality of dried particles formed by the method of claim

2, which individually contain an amount of final active

ingredient encapsulated within the carrier resulting from

drying the slurry containing initial active ingredient, the

liquid solvent and the carrier, wherein:

the initial active ingredient includes one or more constitu-

ent components, at least one of which is among one or

more principle molecular types from which at least one

of a desirable food, flavor, fragrance, medicament, and

pigment is obtained;
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the final active ingredient includes one or more of the

constituent components corresponding with those of the

initial active ingredient as modified by the drying of the

slurry; and

a weight percentage of at least one of the one or more

principle molecular types in the final active ingredient is

within about 5% of a weight percentage of the corre-

sponding principle molecular types in the initial active

ingredient.

21. The dried powder of claim 20, wherein the weight

percentage of at least one of the one or more principle

molecular types in the final active ingredient is within about

3% of a weight percentage of the corresponding principle

molecular types in the initial active ingredient.

22. The dried powder of claim 20, wherein the weight

percentage of at least one of the one or more principle

molecular types in the final active ingredient is within about

2% of a weight percentage of the corresponding principle

molecular types in the initial active ingredient.

23. The dried powder of claim 20, wherein the weight

percentage of at least one of the one or more principle

molecular types in the final active ingredient is within about

1% of a weight percentage of the corresponding principle

molecular types in the initial active ingredient.

24. A dried powder, comprising:

aplurality of dried particles formed by the method of claim

2, which individually contain an amount of the active

ingredient encapsulated within the carrier, wherein:

the active ingredient includes one or more constituent com-

ponents, at least one of which is among one or more

principle molecular types from which at least one of a

desirable food, flavor, fragrance, medicament, and pig-

ment is obtained; and

a weight percentage of at least one of the one or more

principle molecular types in the active ingredient does

not vary by more than about 5% during aging of the dried

powder during any period of elevated temperature of

about 95° F. up to about 1000 hours.

25. The dried powder of claim 24, wherein the weight

percentage of at least one of the one or more principle

molecular types in the active ingredient does not vary by more
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than about 3% during aging of the dried during any period of

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

26. The dried powder of claim 24, wherein the weight

percentage of at least one of the one or more principle

molecular types in the active ingredient does not vary by more

than about 2% during aging of the dried during any period of

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

27. The dried powder of claim 24, wherein the weight

percentage of at least one of the one or more principle

molecular types in the active ingredient does not vary by more

than about 1% during aging of the dried during any period of

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

28. The system of claim 1, further comprising a source of

said liquid solvent, a source of carrier, and a source of active

ingredient(s), a tank equipped with a stirring device and

arranged to receive liquid solvent, carrier, and active ingredi-

ent(s) from said sources to form the liquid product compris-

ing a slurry having viscosity in a range of from 500 to 16,000

mPa-s, wherein the liquid solvent comprises water, wherein

the carrier comprises starch, and wherein the drying fluid

comprises air at temperature that is above freezing tempera-

ture of the liquid solvent and below 100° C.

29. A method of forming a dry powder comprising an

active ingredient encapsulated within a carrier, said method

comprising:

providing a system according to claim 28;

forming the slurry in the mixing tank from the liquid sol-

vent, carrier, and active ingredient(s) while stirring the

mixing tank with the stirring device;

atomizing the slurry in the atomizer and discharging atom-

ized slurry into the drying chamber for contact with the

drying fluid to form the dried powder containing the

active ingredient encapsulated within the carrier.

30. A dried powder containing an active ingredient encap-

sulated within a carrier, formed by the method of claim 29.

31. The system of claim 1, wherein the drying chamber is

formed from a non-electrically conductive material.

* * * * *
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In the Claims

Column 16, lines 14-23: Claim 28, delete

“28. The system of claim 1, further comprising a dehumidifier

arranged to dehumidify the drying fluid prior to its flow through

the drying chamber source of said liquid solvent, a source of

carrier, and a source of active ingredient(s), a tank equipped

with a stirring device and arranged to receive liquid solvent,

carrier, and active ingredient(s) from said sources to form the

liquid product comprising a slurry having viscosity in a range of

from 500 to 16,000 mPa-s, wherein the liquid solvent comprises

water, wherein the carrier comprises starch, and wherein the

drying fluid comprises air at temperature that is above freezing

temperature of the liquid solvent and below 100°C.”
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-- 28. The system of claim 1, further comprising a dehumidifier

arranged to dehumidify the drying fluid prior to its flow through

the drying chamber. --.
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