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ABSTRACT OF THE DISCLOSURE 
The process of forming minute capsules en masse 

which comprises (a) establishing an agitated system con 
sisting of a liquid vehicle constituting a continuous first 
phase, a second phase dispersed therein consisting of 
minute mobile entities of core material, and a third phase 
dispersed therein consisting of minute, mobile liquid en 
tities of a wall-forming solution of a polymeric mate 
rial, the said core material being wettable by said wall 
forming solution, the said three phases being mutually 
incompatible, the third phase constituting such a part 
of the total three-phase system, by volume, that it can 
exist as a dispersed phase of minute mobile entities capa 
ble of and sufficient in amount to deposit around the 
core entities, and wherein the wall-forming polymeric 
material has a decreasing solubility with increasing tem 
perature in the vehicle, (b) hardening the walls so formed 
by elevating the temperature of the system to a tempera 
ture above the gel point of the wall-forming polymer, 
and (c) separating the hardened capsules from the rest 
of the system at a temperature above that at which resolu 
tion of the capsule walls takes place to any substantial 
degree. 

This application is a continuation of copending appli 
cation Ser. No. 413,348, filed Nov. 23, 1964, and now 
abandoned. 

This invention relates to a process of manufacturing 
minute capsules en masse in a liquid manufacturing ve 
hicle and to the capsule product, each capsule compris 
ing a core and a seamless protecting wall surrounding the 
core. By “minute capsules' are meant capsules, for ex 
ample, from a few microns to several thousand microns 
and possibly somewhat larger in average size. 
The capsule-forming process of this invention involves 

the establishment of a system that is characterized as 
follows (these terms being defined below): 
(1) It is in an agitated state; 
(2) It comprises the following three phases, characterized 

first of all by being mutually incompatible (as defined 
herein) and further characterized, respectively, as 
follows: 

(a) a continuous liquid phase vehicle that consti 
tutes at least a substantial portion by volume of 
the three phases in total, 

(b) a discontinuous phase of minute, mobile enti 
ties of core material, either solid or liquid, dis 
persed in the vehicle, and 

(c) a discontinuous phase of minute, mobile entities 
of wall-formed material dispersed in the vehicle 
and constituted by a liquid solution of a wall 
forming polymeric material, said solution being 
capable of wetting the core material on contact, 
and having a decreasing solubility in the vehicle 
with a rise in temperature, and said solution pref 
erably having a viscosity greater than the liquid 
phase vehicle (a). 

This agitated system results without more in a deposit 
of the solution of the wall-forming polymeric material 
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around the entities of core material. By reason of the 
ability of polymer solution to wet the core material, and 
of the viscosity and volume relation of the dispersed 
phase of wall-forming polymer solution, the dispersed 
wall-forming polymer solution is capable of deposit 
around the dispersed entities of core material and also 
is capable after deposit of maintaining itself as a wall 
against the shearing forces that exist as an incident of 
the required agitation of the system. The deposits ac 
cumulate to a maximum thickness, which may be varied 
by varying the amount of the wall material provided and 
the degree and type of agitation used, which may vary 
in accordance with the need for protection of the core 
material and the protective characteristics of the wall 
forming material selected for use. 

Following deposition of the liquid solution of the wall 
forming polymeric material, the temperature of the sys 
tem is elevated preferably above the gelation tempera 
ture of the wall-forming polymer to harden the capsule 
walls and thereby densify and impart to them greater 
durability and greater impermeability relative to the core 
material and the environment, among other properties. 
After hardening the capsule walls by elevating the tem 

perature, it is necessary to separate the hardened cap 
Sules at a temperature above that at which a substantial 
amount of the wall-forming polymeric material would 
be dissolved by the vehicle. If, however, the hardened 
capsule walls are treated so that they become perma 
nently insolubilized in the vehicle medium, then ob 
viously there is no need for separation of the capsules, 
and the System may be returned to room temperature 
without concern that the wall material will be redissolved 
by the vehicle. 

Broadly stated, the new process of making capsules 
en masse in a liquid vehicle by establishing a system as 
defined above utilizes the property of decreased solu 
bility with increase in temperature of the wall-forming 
polymeric material in the vehicle to harden the embry 
onic capsule wall. This property may also be utilized 
in the formation of the wall-forming polymeric material 
solution, where the separation, in whole or in part, of 
the wall-forming polymer solution phase is brought about 
by elevating the temperature of the mass. 

In one form, the process involves forming a solution 
of the wall-forming polymeric material having the de 
creased solubility with increase in temperature property 
noted above in the vehicle and dispersing the core mate 
rial therein. Upon heating and agitation of the mass, a 
coacervate solution of the wall-forming polymeric ma 
terial separates out and deposits about the core material 
to form embryonic capsules. Continued heating at the 
same or elevated temperatures effects a hardening of the 
deposit. Thereafter, separation of the capsules may be 
carried out at the elevated temperatures, subsequently, 
the separated capsules are dried. 

In another form, the process contemplates adding com 
ponents to form the system without the necessity of going 
from a solution of the wall-forming polymeric material to 
a separated coacervate solution of the polymeric mate 
rial; i.e. one knowing the relative concentrations of the 
various components and conditions that will produce a 
coacervate solution, need only provide such components 
in the required relative amounts and under conditions 
that yield a coacervate solution of the polymer. For ex 
ample, the various components of the system, except the 
wall-forming polymer, can be brought to a temperature 
at which it is known that the coacervate solution will 
form and the wall-forming polymeric material then 
added to produce a coacervate solution of same and con 
sequent wrapping of the core material with an embryonic 
shell of wall-forming polymeric material. 
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In yet another form, a coacervate solution of the wall 
forming polymeric material is formed and separated from 
its equilibrium liquid. A system for microencapsulation 
utilizing the separated polymer solution may be had 
by forming a three-phase system as described above, 
wherein a liquid vehicle, other than the equilibrium liquid 
of the coacervate solution, is employed, said liquid ve 
hicle meeting the other criteria of incompatibility set 
forth herein. 

This new process in one respect is an improvement 
of U.S. Pat. No. 2,800,458 to Green and U.S. Pat. No. 
2,800,457 to Green et al., and U.S. Reissue Pat. No. 
24,899 to Green et al. in that it provides, in one form, 
a process directed to a "changing condition' for bring 
ing about coacervation. It is particularly directed to a 
system wherein the polymeric wall material has a sub 
stantial solubility in a solvent, for example, water at 
room or lower temperature, thus providing an encapsu 
lated material which may be released into a liquid 
medium at low temperature by dissolution of the capsule 
wall. A further utility is that core materials having the 
property of decreasing solubility with increasing tem 
perature may be efficiently encapsulated by the system 
of this invention. 

It has been discovered that if the polymeric mate 
rial of the capsule wall possesses the above described 
solubility characteristic and if the associated liquid of 
the wall-forming polymer solution and the vehicle are 
selected to satisfy the further criteria set forth herein, 
not only is it possible to produce a system in which de 
posit of the dispersed entities of the solution of the wall 
forming polymeric material around particular dispersed 
core entities can be achieved, but also this can be done 
with combinations of core materials, wall-forming poly 
mers, and vehicles that could not before be used to suc 
cessfully encapsulate by en masse microencapsulation 
techniques. 
The further criteria which define the useful classes 

of materials for the vehicle and the coacervate solution 
of the wall-forming polymers are these: (1) the liquid 
wall-forming solution of polymeric materials which form 
the capsule wall must be capable of wetting the core 
material in order to deposit around core entities; (2) 
the solution of polymeric material(s) should have a vis 
cosity, preferably of about 200 to 4000 centipoises, such 
that it may both deposit and maintain itself deposited 
around the core entities despite the shearing forces of the 
agitation needed to maintain the material of the system 
as dispersion; (3) the solution of polymeric material(s) 
preferably constitutes about 5% to 20% by volume of 
the total three-phase system, so that it can exist as a 
dispersed phase of mobile entities capable of deposit 
around the core entities; and (4) the core material, the 
solution of the polymeric material(s), and the vehicle 
must be mutually immiscible. 
The wetting action of polymeric materials in solution 

as regards a particular core material may be measured 
by standard contact-angle measurements, adsorption 
measurements, and the like, and suitable selections may 
be made thereby, all in accordance with existing knowl 
edge of this subject per se. The solvent for the polymeric 
material(s) may in certain instances be selected to en 
hance the wetting action of a particular polymeric ma 
terial solution with respect to a chosen core material. 
The stated criterion that the core material, the poly 

meric material solution, and the vehicle be mutually in 
compatible is used in the sense that their separate existence 
in the system must not be impaired by a reactivity or 
miscibility between them. 

Prefabricated incomplete systems for use in carrying out 
the novel process may be established and stored for 
future use. Even unskilled operators may complete such 
systems by the addition of the missing components, with 
the required agitation and heat, together with the agents 
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for hardening of the walls, to make capsules at a later 
time. The missing component(s) may involve any of 
those three necessary to form an operative system, and 
the absence may be total or partial. 
Whether the liquid solution of wall-forming polymeric 

material is formed by effecting a phase separation or 
by adding components in proper amount to create said 
solution without need for phase separation, the agency 
that causes or maintains the separation of the wall-form 
ing polymer solution may be one or more “changing con 
ditions.” In the usual case the insolubility of the wall 
forming polymer with increasing temperature will be 
employed as a "changing condition.' Illustrative of 
“changing conditions' which may be used alone or in 
combination with elevating the temperature of the mass 
are the presence of a complementary polymer, the pres 
ence of a non-solvent for the wall-forming polymer which 
is compatible with the vehicle, or other known techniques 
that provide a "changing condition' to effect or maintain 
a separation of the wall-forming polymer solution, such 
as, for example, change in microion concentration (salt, 
pH), all of which are techniques employed to bring about 
separation of a coacervate solution. 
The preferred system is one in which the liquid as 

Sociated with the wall-forming polymer solution also is 
used as a major component material of the manufacturing 
vehicle and wherein there is present as a component a 
polymer which may or may not possess the property of 
decreased solubility with increased temperature proper 
ties and which is complementary to the wall-forming poly 
mer in the sense that it assists in creating an incompati 
bility between the vehicle and the solution of the wall 
forming polymeric material(s) and induces or main 
tains the solution as a separate phase in the system. In 
other words, it completes a liquid system in which the 
wall-forming solution of polymeric material can exist 
as a separate phase, which may be dispersed in the ve 
hicle by agitation, because of repulsive forces between 
the polymeric material of the wall-forming solution and 
the complementary material. Without the complemen 
tary polymeric material, if the vehicle included or con 
sisted of the same liquid that is used as the solvent of 
the wall-forming polymeric solution, the vehicle would 
be more compatible with and would dilute the polymer 
solution. Thus the stated incompatibility between the ve 
hicle and the solution of wall-forming polymeric mate 
rial connotes the presence of a complementary material 
as a constituent of the vehicle when the vehicle includes 
a liquid compatible with or identical to the solvent used 
in the wall-forming coacervate solution. 
The nature of the core material is the primary guide 

to the selection of the polymeric wall-forming material 
and of its solvent, and also to the selection of the liquid 
vehicle if that is not to consist of or include as a com 
ponent the same material that is used as the wall-form 
ing polymer solvent. This is because the process con 
ditions usually are chosen with the object of encapsu 
lating some given core material. Hence the wall-forming 
polymeric solution must be incompatible with the core 
material, but capable of wetting and depositing around 
entities of it. The wall-forming polymeric material may 
be hydrophilic or hydrophobic; again the nature of the 
core material and the requirement that core material and 
wall-forming material be incompatible dictating the choice 
of polymeric material. In the preferred system from the 
class of polymers and solvents made eligible by these 
criteria, the further choice is from among those polymer 
solvent pairs which can form a wall-forming polymer 
solution. When, as preferred, the vehicle is made up 
chiefly or wholly of the same material as the polymer 
solvent, the only further choice is, in the preferred em 
bodiment, with respect to the complementary material, 
which again, must meet the incompatibility requirement. 
The complementary material must be incompatible with 
the core material and must act to make the wall-form 
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ing polymeric material solution more incompatible with 
the vehicle. 
A complementary material equivalent to a polymeric 

material, can be another liquid which is a non-solvent 
for the polymeric material of the wall-forming solution 
and which therefore creates an incompatibility condition 
in the vehicle whereby the wall-forming polymer solu 
tion is caused to exist as a separate phase. Another alter 
native is to employ as the vehicle a liquid which, in addi 
tion to being incompatible because of its being immiscible 
With the core material, is a non-solvent for the wall-form 
ing polymer and is immiscible with the solvent of the 
wall-forming solution. Such a liquid vehicle therefore is 
incompatible with the polymer solution and permits the 
latter to exist as a separate phase. 

Given these criteria of selection, not known before 
in total as the determinants of an operative encapsula 
tion system, the classes of materials that are useful in 
constituting the vehicle and the solution of the wall-form 
ing polymer of the present system are ascertainable from 
existing knowledge and means of selection of polymeric 
materials and solvents in respect of four properties; viz.: 
(1) solubility of the polymeric material in various sol 

vents; 
(2) ability of the polymeric material solution to wet the 

given nucleus material, liquid or solid; 
(3) the temperature-solubility characteristics of the poly 
meric material; and 

(4) ability of a solution of the polymer to exist in a sepa 
rate Solution phase in the vehicle liquid. 

Materials thus selected are useful in the encapsulation of 
any incompatible and wettable core material, liquid or 
solid. 

POLYMERIC MATERIAL 
Examples of hydrophilic wall-forming polymeric ma 

terial which possess the property of decreased solubility 
with increasing temperature include methyl cellulose, 
polyvinylmethyl ether, and ethylhydroxyethyl cellulose. 
An example of suitable hydrophobic wall-forming poly 
meric material is nitrocellulose. 

Examples of hydrophilic polymeric material combina 
tions for use in the preferred system wherein a comple 
mentary polymeric material is employed are as follows: 
methyl cellulose as the film former together with dextran, 
hydroxypropyldextran, polyvinyl alcohol, or polyvinyl 
pyrrollidone, or gum arabic. 

SOLVENTS 
Water may be used as the solvent of the wall-forming 

solution in the instances where the wall-forming polymer 
is hydrophilic, organic solvents where the polymeric ma 
terial is hydrophobic. Obviously, the choice of solvent is 
dependent upon the solubility of the wall-forming poly 
mer therein. Preferably, where the encapsulation involves : 
a phase separation the solvent should be one wherein the 
polymer is reasonably soluble at room temperature, so 
that upon elevation there will be sufficient polymer avail 
able for phase separation and deposit about the core ma 
terial. 

In general, the decrease in solubility with increase in 
temperature of the wall-forming polymeric material can 
be affected by appropriate selection of the polymer and 
solvent. The solvent ability varies with both the size and 
shape of the solvent molecules. As a rule small solvent 
molecules are better solvents at elevated temperatures than 
lower temperatures, whereas with large solvent molecules 
the reverse is true. For a given solvent, or even solvents 
of the same size, compact molecules become better sol 
vents at elevated temperature, extended molecules better 
solvents at lower temperatures. 

CORE MATERIALS 

Core materials may be any substance that survives 
separately in the system but those for which the process 
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6 
of the subject invention is particularly suited are, as 
Stated above, those materials which are insoluble in the 
vehicle phase, for example, such as, chloroform, Aroclor 
(chlorinated biphenyl), kerosene, Myvacet (acetylated 
monoglyceride), lemon oil, menthol, aspirin, resins, pig 
ments and dyes. 

In its broader aspect, the invention is not in the dis 
covery of particular polymeric materials or solvents or 
vehicles but rests on and applies to the discovery that 
liquid and solid core materials can be encapsulated as 
nuclei in an agitated fluid system by utilizing the prin 
ciple of the lessening of solubility of polymeric material 
in a liquid with increasing temperature. 

In a narrower aspect, the invention includes a par 
ticular procedure for establishing the defined system from 
a homogeneous solution of the wall-forming material in 
a liquid vehicle. This particular procedure involves the 
formation of a system comprising wall-forming ma 
terial(s) and a solvent therefor, and a separation of this 
system into two separate solution phases, one of which 
is chiefly a coacervate solution of the wall-forming poly 
mer, by a phenomenon of phase separation known as 
coacervation, wherein the “changing condition' that pro 
vides, at least in part, the motivating factor for the phase 
separation or coacervation is the decrease in solubility of 
the wall-forming polymeric material with an increase in 
temperature. 
The invention will be described hereafter with refer 

ence to a system wherein a complementary polymer is 
present as the motivating factor, and wherein the tem 
perature of the mass is elevated to bring about, at least 
in part, the phase separation. However, it should be under 
stood that the invention is not limited to such a system. 
The wall-forming polymer, the complementary polymer, 
and the solvent may be added in any order, but it is pref 
erable first to form a dilute solution of the wall-forming 
polymeric material and then to induce the phase separa 
tion by addition of the complementary polymeric ma 
terial, then elevating the temperature of the system. 
The complementary polymeric material in that case is 

one that has either no affinity or a lesser affinity for the 
nucleus material than the intended wall-forming poly 
meric material, so that the solution of the intended wall 
former will be the one that preferentially deposits around 
the dispersed nucleus entities. 
The addition of the complementary polymeric material 

to an initial dilute solution of the wall-forming poly 
meric material permits better control of the phase sepa 
ration to yield a wall-forming solution phase of the proper 
viscosity, and relative volumes, especially in an initial 
operation before the procedure is standardized quantita 
tively for any particular combination of polymeric ma 
terial and solvent. In such an initial operation, the at 
tainment of the desired viscosity in the wall-forming solu 
tion phase may be ascertained by microscopic observa 
tion of an agitated Sample of the system containing dis 
persed core material, the criterion being that, when a 
useful wall-forming Solution is present, it is seen that dis 
crete entities within liquid walls are formed. A con 
firmation and basis for quantitative statement can be 
had by allowing the two separated solution phases to 
stratify and then measuring the viscosity and relative 
volume of the phase containing the intended wall-forming 
polymeric material. If the viscosity is too low, addition 
of more of the complementary material will cause addi 
tional concentration of the wall-forming phase to occur, 
with a consequent increase of viscosity of that phase, 
until the desired viscosity is attained. 
The proper volume relation of the wall-forming phase 

(of proper viscosity) can be predetermined to a close 
enough approximation by calculation from readily-ascer 
tained data on the relation of viscosity to concentration 
for a solution of the intended wall-forming polymeric 
material in the chosen solvent. 
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The order of addition can be reversed, or the two 
polymeric materials and the solvent can be brought to 
gether at one time, once the proper quantitative rela 
tions are established for the particular materials being 
used, since the resulting volume and viscosity (concen 
tration) of the two separate phases are independent of 
the order of assembly. 
The core material, always a minor component of the 

total volume of the system, can be added either before or 
during or after the formation of the solution into two 
solution phases. Similarly, the agitation of the system 
can be begun before, during, or after either of these steps. 
It is preferred, however, to agitate before, during and 

... after the phase separation, and to introduce the core ma 
terial after the phase separation has taken place. 
The intensity of the agitation is made such as to reduce 

the core material to the desired entity size, if such is 
necessary, and, in any event, to assure thorough disper 
sion of it in the vehicle. The core entity size is pre-selected 
to give the desired capsule size after allowance for encap 
sulating wall thickness. With solid core materials, the 
entity size can be predetermined and obtained by any 
suitable grinding or milling. 

Another alternative procedure is to pre-form a liquid 
solution of the wall-forming polymeric material having 
the desired viscosity and then to disperse it in a vehicle 
which is a liquid that is immiscible with this polymeric 
material solution and with the core material. This avoids 
any phase separation step such as is necessary when the 
wall-forming polymeric material is initially present in 
dilute solution and has to be driven out in a more con 
centrated solution as a separate phase having the desired 
viscosity, whether by reason of a complementary other 
polymeric material or by reason of a complementary non 
solvent for the wall-forming polymer. 

In the following examples, the novel process will be 
disclosed in detail as applied to the encapsulation of vari 
ous materials. 

EXAMPLE I 

Encapsulation of Aroclor 1242. Magnaflux Oil in methyl 
cellulose 

Solutions: 1:1 (weight ratio) chlorinated diphenyl Aro 
clor 1242. Magnaflux Oil (hydrocarbon fraction) (Inter 
nal Phase); 1% solution (aqueous) methyl cellulose HG 
90 (Hercules); 25% dextran in water. 
Added 50 milliliters of "Internal Phase' to 400 grams 

of the 1% aqueous methylcellulose solution to produce 
an emulsion of the oil in the 100-500 micron drop size 
range. With stirring, added 400 cc. of the 25% aqueous 
dextran solution at 25 C. to cause phase separation of 
a rich methyl-cellulose solution and consequent embryonic 
encapsulation of the "Internal Phase' drops in a liquid 
wall. Then heat the system to 50° C. with stirring over 
a 15-minute time span. At this point, complete encapsula 
tion of the oil in a self-supporting wall will have been 
obtained. 

EXAMPLE II 

Encapsulation of Myvacet (an acetylated monoglyceride) 

Make up a cold water solution (room temperature) of 
25% dextran and 2% methylcellulose (Methocel 60HG). 
Add 50 milliliters of My vacet to 200 milliliters of the 
25% dextran solution. Add 200 milliliters of 2% methyl 
cellulose solution dropwise. After preparation has stirred 
3 minutes, allowing for good dispersion of the two poly 
mers around the Myvacet oil drops, raise the temperature 
of the system slowly to 60° C. At 60° C., remove the 
capsular layer formed on standing and wash it in an 
80 C. Solution of 10% Na2SO4. Filter off excess water 
by means of a sieve and allow the capsules to dry on a 
fluidized bed dryer. 
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EXAMPLE III 

Encapsulation of Myvacet 
To 400 milliliters of 1.5% Methocel 60HG (tempera 

ture 30° C.) in water was added 50 milliliters of Myvacet 
which was dispersed to secure 500-1500 micron-sized oil 
drops. After oil drops are well dispersed in the Methocel 
Solution, add 200 milliliters of a 25% aqueous solution of 
dextran dropwise. The preparation was heated slowly with 
stirring to 60° C. The capsular layer formed on standing 
then is removed and washed with 700 milliliters of 10% 
Na2SO4 (temperature 80° C.). The excess water was re 
moved, after washing, by means of a sieve, and the cap 
Sules Were allowed to dry for 24 hours on a blower. 

EXAMPLE IV 
Encapsulation of menthol 

With agitation throughout each of the steps: add 50 
grams of menthol (I.P.) to 300 grams of a 2.5% aqueous 
methylcellulose solution. Then heated the dispersion to 
55° C. Added 90 grams of a 25% aqueous solution of 
dextran dropwise and heated to 60° C. Then added the 
following to harden the capsules: (a) 2 grams of Arlex 
(an aqueous sorbitol solution) (b) 0.1 gram of Atmos 
300 (mono and diglycerides of fat forming fatty acids 
Atlas Chemical Industries) and (c) 14 grams of a 25% 
aqueous solution of tannic acid, and stirred the capsules 
for one hour. The capsules were then isolated as discrete 
entities using conventional drying techniques. 

EXAMPLE V 
Encapsulation of lemon oil 

With agitation throughout each of the steps: added 35 
grams of lemon oil to 300 grams of a 2.5% aqueous 
methylcellulose solution. The agitation was adjusted to 
obtain a lemon oil dropsize in the region of 500 microns. 
Then added 5 grams of glycerol and heated the dispersion 
to 55° C. While maintaining the temperature at 55° C. 
added 90 grams of a 25% aqueous dextran solution drop 
wise. Then heated the capsules to 60° C. At 60° C. added 
the following: (a) 0.02 gram of Atmos 300; (b) 14 
grams of a 25% aqueous tannic acid solution, stirring 
the capsules for one hour. The capsules were then isolated 
as discrete entities using conventional drying techniques. 

EXAMPLE VI 
Encapsulation of lemon oil 

With agitation throughout each of the steps: Added 
35 grams of lemon oil to 300 grams of a 2.5% aqueous 
methylcellulose solution. The agitation is adjusted to ob 
tain a lemon oil dropsize in the region of 500 microns. 
Added 90 grams of a 25% dextran solution dropwise. 
Then heated the capsules to 60° C., added 3 grams of 
Parez Resin 613 (melamine/formaldehyde resin-Ameri 
can Cyanamid Co.). Adjusted the pH to 4.5 with a 10% 
aqueous acetic acid solution, stirring the system for one 
hour at 60° C. The capsules were then isolated as dis 
crete entities using conventional drying techniques. 
What is claimed is: 
1. The process of forming minute capsules en masse 

which comprises the steps consisting essentially of 
(a) establishing an agitated system consisting of first, 
Second and third liquid phases, said system con 
sisting of a liquid polar vehicle constituting a con 
tinuous first phase, said first phase having dissolved 
therein a polymer material complementary to the 
polymer material of the third phase, a second phase 
dispersed therein consisting of minute mobile en 
tities of core material, and a third phase dispersed 
therein consisting of minute, mobile liquid entities of 
a wall-forming solution of methylcellulose; further 
the said core material being wettable by said wall 
forming solution, the said three phases being mutu 
ally incompatible, and the third phase constituting 
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such a part of the total three-phase system, by vol- tion of the third phase the system is heated to a tem 
ume, that it can exist as a dispersed phase of min- perature above room temperature but below the gel point 
ute mobile entities capable of and sufficient in of the wall-forming polymer to thereby assist in the 
amount to deposit around the core entities; and fur- formation of the third phase by causing the coacervate 
ther wherein the third phase is formed by adding the solution of the wall-forming polymer solution to emerge. 
complementary polymeric material at substantially 
room temperature to cause the emergence of a co- References Cited 
acervate solution of methylcellulose, UNITED STATES PATENTS 

(b) hardening the walls so formed by elevating the 3,242,051 3/1966 Hiestand et al. ----- 252-316X 
temperature of the System to a temperature above 10 3,244,640 4/1966 Studt et al. ------- 252-316 
the gel point of methylcellulose, and 

(c) separating the hardened capsules from the rest of RICHARD D. LOVERING, Primary Examiner 
the system at a temperature above that at which 
resolution of the capsule walls takes place to any 5 U.S. C. X.R. 
substantial degree. 99-118, 140, 166; 117-100; 264-4; 424-33, 34, 35, 

2. The process of claim 1 wherein during the forma- 343 


