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

comprises (a) establishing an agitated System consisting 
of a liquid polar vehicle constituting a continuous first 
phase, a second phae dispersed therein consisting of min 
ute mobile entities of core material, and a third phase dis 
persed therein consisting of minute, mobile liquid entities 
of a wall-forming soltuion of a non-polar polymeric 
material, the said core material being wettable by Said 
wall-forming solution, the said three phases being mutu 
ally 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 temperature 
in the vehicle, and wherein the third phase is maintained 
as such, at least in part, by the presence of a polyelectro 
lyte polymer (b) hardening the walls so formed by ele 
vating the temperature of the system to a temperature 
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 resolution 
of the capsule walls takes place to any substantial degree. 

This application is a continuation of copending appli 
cation Ser. No. 415,809, filed Dec. 3, 1964, and now 
abandoned. 

This invention relates to a process of manufacturing 
minute capsules en masse in a liquid manufacturing vehi 
cle and to the capsule product, each capsule comprising 
a core and a seamless protecting wall surrounding the core. 
By "minute capsules' are meant capsules, for example, 
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 fol 
lows (these terms being defined below): 

(1) It is in an agitated state; 
(2) It comprises the following three phases, character 

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

(a) a continuous liquid phase polar vehicle that 
constitutes at least a substantial portion by Volume 
of the three phases in total, 

(b) a discontinuous phase of minute, mobile entities 
of core material, either solid or liquid, dispersed 
in the vehicle, and 

(c) a discontinuous phase of minute, mobile entities 
of wall-forming material dispersed in the vehicle 
and constituted by a liquid solution of a wall-form 
ing polymeric material, said solution being capable 
of wetting the core material on contact, having a 
decreasing solubility in the vehicle with a rise in 
temperature, and said solution preferably having 
a viscosity greater than the liquid phase vehicle 
(a), and wherein the wall-forming polymer is 
non-ionic and there is present in the system a poly 
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electrolyte sufficient in amount to aid in maintain 
ing the wall-forming polymer solution as a sep 
arate phase. 

This agitated system results without more in a deposit 
of the solution of the wall-forming polymeric material 
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 accumulate 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 pro 
tective characteristics of the wall-forming material Se 
lected 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 temperature 
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 
temperature, 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 permanently insol 
ubilized in the vehicle medium, then obviously 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. 
The subject process of making capsules en masse in 

a liquid polar vehicle by the system defined above utilizes 
a polyelectrolyte to assist the establishment of the wall 
forming polymer solution as a separate phase. 

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 ma 
terial therein. Upon heating and agitation of the mass, 
a coacervate solution of the wall-forming polymeric ma 
terial separates out and deposits about the cone ma 
terial 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 ma 
terial; 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 add 
ed to produce a coacervate solution of same and conse 
quent wrapping of the core material with an embryonic 
shell of wall-forming polymeric material. 

In yet another form, a coacervate solution of the wall 
forming polymeric material is formed and separated 
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from its equilibrium liquid. A system for microencapsul 
lation utilizing the separate 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 
vehicle 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. 
2,800,547 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 bringing 
about coacervation. It is particularly directed to a Sys 
tem wherein the polymeric wall material has a Substan 
tial solubility in a solvent, for example, water at room 
or lower temperature, thus providing an encapsulated 
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 temperature may : 
be efficiently encapsulated by the system of this invention. 
Further, the subject process is an improvement of Baken, 
U.S. application Ser. No. 413,348, filed Nov. 23, 1964, 
now abandoned. 

It has been discovered that if the polymeric material 
of the capsule wall possesses the above described solu 
bility characteristic and if the associated liquid of the 
wall-forming polymer solution and the vehicle are se 
lected to satisfy the further criteria set forth herein, not 
only is it possible to produce a system in which deposit 
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 polym 
ers, and vehicles that could not before be used to success 
fully encapsulated by en masse microencapsulation tech 
niques. 
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 ma 
terial 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 a 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 
materials (s) may in certain instances be selected to en 
hance the weting action of a particular polymeric ma 
terial solution with respect to a chosen core material. 
The stated criterion that the core material, the polym 

eric matrial solution, and the vehicle be mutually in 
compatible is used in the sense that their separate exis 
tence 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 
for hardening of the walls, to make capsules at a later 
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4. 
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 solu 
tion without need for phase separation, the agency that 
causes or maintains the separation of the wall-forming 
polymer Solution may be one or more "changing condi 
tions' including as an essential condition the presence of 
a Sufficient amount of polyelectrolyte. In the usual case 
the insolubility of the wall-forming polymer with in 
creasing temperature will be employed as a “changing 
condition” in conjunction with the polyelectrolyte. Illus 
trative of "changing conditions' which may be used alone 
or in combination with the addition of polyelectrolyte to 
the mass is the presence of a non-solvent for the wall 
forming polymer which is compatible with the vehicle, or 
other known techniques that provide a “changing condi 
tion" to effect or maintain a separation of the wall-forming 
polymer Solution, such as, for example, change in micro 
ion concentration (Salt, pH), all of which are techniques 
employed to bring about separation of a coacervate solu 
tion. 
The preferred system is one in which the liquid asso 

ciated with the wall-forming non-polar polymer solution 
also is used as a major component material of the manu 
facturing vehicle and wherein there is present as a com 
ponent as polyelectrolyte polymer which may or may not 
possess the property of decreased solubility with increased 
temperature and which is complementary to the wall 
forming polymer in the sense that it assists in creating 
an incompatibility between the vehicle and the solution 
of the wall-forming polymeric materia(s) and induces or 
maintains 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 vehicle 
by agitation, because of repulsive forces between the 
polymeric material of the wall-forming solution and 
the complementary material. Without the complementary 
polyelectrolyte polymeric material, if the vehicle included 
or consisted 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 
vehicle and the solution of wall-forming polymeric ma 
terial 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 particular non-polar polymeric 
Wall-forming material and of its polar solvent, and also to 
the Selection of the liquid vehicle if that is not to consist 
of or include as a component the same material that is 
used as the wall-forming polymer solvent. This is because 
the process conditions usually are chosen with the object 
of encapsulating some given core material. Hence the 
Wall-forming polymeric solution must be incompatible 
with the core material, but capable of wetting and deposit 
ing around entities of it. The wall-forming polymeric 
material may be hydrophobic; again the nature of the core 
material and the requirement that core material and wall 
forming material be incompatible dictating the choice of 
non-polar 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 
(polyelectrolyte polymer), which again, must meet the 
incompatibility requirement. The complementary material 
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must be incompatible with the core material and must act 
to make the wall-forming non-polar polymeric material 
solution more incompatible with the vehicle. 
Given these criteria of selection, not known before in 

total as the determinants of an operative encapsulation 
system, the classes of materials that are useful in consti 
tuting the polar vehicle and the solution of the non-polar 
wall-forming polymer of the present system are ascer 
tainable 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 

Wents: 
(2) ability of the non-polar polymeric material solution 

to wet the given nucleus material, liquid or solid; 
(3) the temperature-solubility characteristics of the non 
polar polymeric material; and 

(4) ability of a solution of the non-polar polymer to 
exist in a separate 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, non-polar wall-forming poly 
meric material which possess the property of decreased 
solubility with increasing temperature include methyl 
cellulose, polyvinylmethyl ether, and ethylhydroxyethyl 
cellulose. An example of suitable hydrophobic wall-form 
ing polymeric material is nitrocellulose. 

Examples of hydrophilic polyelectrolyte polymeric mar 
terial which are complementary to the wall-forming poly 
mer and assist in establishing the wall-forming polymer 
solute and carboxymethylcellulose, sodium carboxymeth 
ylcellulose, and 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 polar solvents where the polymeric 
material 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 
material. 

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 mole 
cules the reverse is true. 

CORE MATERIALS 

Core materials may be any substance that survives 
separately in the system but those for which the process 
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, mynacet(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 enscapsulated as 
nuclei in an agitated fluid system by utilizing a polyelec 
trolyte complementary to and lessening the solubility of 
wall-forming polymeric material in a polar liquid. 
The proper volume relation of the wall-forming phase 

(of proper viscosity) can be predetermined to a close 
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6 
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. 
The order of addition can be reversed, or the two poly 

meric materials and the solvent can be brough together 
at one time, once the proper quantitative relations are 
established for the particular materials being used, since 
the resulting volume and viscosity (concentration) 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 
material after the phase separation has taken place. 
The intensity of the agitation is made such as to re 

duce the core material to the desired entity size, if such 
is necessary, and, in any event, to assure thorough dis 
persion of it in the vehicle. The core entity size is pre 
selected to give the desired capsule size after allowance 
for encapsulating wall thickness. With solid core mate 
rials, the entity size can be predetermined and obtained 
by any suitable grinding or milling. 

In the following example, the novel process will be 
disclosed in detail as applied to the encapsulation of vari 
ous materials. The example illustrates the sequence of 
steps in an application of the invention employing a non 
ionic polymer and a polyelectrolyte. 

(1) Into 100 grams of an aqueous 2% methylcellulose 
solution is thoroughly stirred 10 grams of the water in 
soluble material or nuclei to be encapsulated either in the 
form of powder or as a liquid in which case the mixture 
is stirred until the material is thoroughly emulsified to 
the requisite drop size. 

(2) In this solution, and whilst stirring, is thoroughly 
mixed 100 grams of a 276 aqueous solution of carboxy 
methylcellulose. 

(3) The mixed solution is now heated to about 60° C. 
(4) At any time during the heating 300 ccs. of a 20% 

solution of sodium chloride or sulphate or ammonium 
chloride or sulphate is added. 

(5) The heating is continued for about 1 hour during 
which the polymers separate out to form homogeneous 
and continuous coatings separately round the nuclei thus 
to preform the capsules. 

(6) Whilst still warm the separated phase is segregated 
by decanting the supernatant or by filtration. 

(7) The segregated phase is now dried in an oven or 
by hot air blast to drive off the remanent water in the 
capsule walls which results in a dry freely flowing powder 
like residue composed of individual capsules with the 
walls consisting of the two polymers in a complex ad 
mixture. The walls may be hardened or plasticized. 
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 consisting 
of a liquid polar vehicle constituting a continuous 
first phase, said first phase having dispersed therein 
a polyelectrolyte polymer, a second phase dispersed 
therein consisting of minute mobile entities of core 
material, and a third phase dispersed therein con 
sisting 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 mutually in 
compatible, and 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 capable of and sufficient in amount to de 
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posit around the core entities; and further wherein 
the third phase is formed by elevating the tempera 
ture of the system to cause the emergence of a 
coacervate solution of methylcellulose and said third 
phase is maintained as such, at least in part, by the 
presence of a polyelectrolyte polymer which is com 
plementary to methylcellulose, 

(b) hardening the walls so formed by elevating the 
temperature of the system to a temperature above 
the gel point of methylcellulose, and 

(c) separating the hardened capsules from the rest of 
the system at a temperature above that at which 
resolution of the capsule walls takes place to any 
substantial degree. 

2. The process of claim 1 wherein during the formation 
of the third phase the system is heated to a temperature 
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8 
above room temperature but below the gel point of the 
methyl cellulose to thereby assist in the formation of the 
third phase by causing the coacervate Solution of the 
methyl cellulose solution to emerge. 
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