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This invention relates to a cyclic process of manu 
facturing minute capsules in liquid manufacturing ve 
hicle systems, to such systems, and to the capsule prod 
uct obtained by use of such process and systems, each 
capsule comprising a core and a protecting seamless rigid 
wall of polymeric material surrounding the core. By 
“minute capsules' are meant capsules from a few microns 
to several thousand microns and possibly somewhat larger 
in average size. The wall thickness may vary from frac 
tions of microns to several microns, and more. 

in known processes for the manufacture of minute 
capsules en masse, each capsule consisting of a core en 
tity and a rigid seamless wall formed around it, an agi 
tated liquid vehicle is used in which the core entitles and 
the liquid wall-forming materials are dispersed, so that 
the wall material in liquid form may be deposited on 
each core entity, to form individual capsules with liq 
uid walls. These liquid walls finally are converted into 
rigid dense walls. In these known processes, the wall 
material is converted to a rigid state by a chemical or 
physical means, or both, such as temperature gelation, de 
solvation, use of a washing liquid, cross-linking, chelation, 
and other means, used singly or in combination. 

In this novel process, neither temperature gelation nor 
hardening agents are used, thereby avoiding a reticulat 
ed gel wall structure and the contamination of the resid 
ual manufacturing vehicle, such residual vehicle being 
ready for re-use after being refurnished with the used-up 
capsule-forming ingredients. 
Any one of the systems is used with warming and cool 

ing, with agitation, within a specified temperature range. 
Any one of the systems, before warming, in the first in 
stance, consists of three immiscible phases; viz.: 
(a) A major part by volume of a low-viscosity liquid 

vehicle, a part of which vehicle at warm temperature 
is a solvent for the wall material, 

(b) The polymeric wall material to be dispersed in the 
system and dissolved by part of (a) when the system 
is warm, and 

(c) Particles of core material immiscible with (a) or 
(b) but wettable by (b) in solution. 

After being warmed, phase (b) is a solution. These 
systems may be established in any order of addition, 
warm or cold, agitated or not, and the process may be 
interrupted and resumed by the re-establishment of the 
heating and agitation. 
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The insolubilizing effect of a drop in temperature on 
the deposited liquid walls, from the warm condition, re 
sults in the departure of the solvent into the vehicle phase, 
where it remains for recycling. 
Of particular interest as capsule wall materials are 

polymeric materials that have substantial zero solubility 
in a qualified solvent at room temperature (20 degrees 
centigrade to 25 degrees centigrade) and increasing sol 
ubility therein as the temperature is increased, so that a 
system may be prepared wherein a dissolved polymeric 
material deposits on the core entities as liquid walls which 
shrink into a rigid state as the temperature is lowered. 
The forcing out of the polymeric material from solution 
and its solidification should occur somewhat above room 
temperature, for convenient manufacturing practice, if 
room temperature is the norm. However, without de 
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parting from the novel principles of the invention, sys 
tens may be created to fit processing temperature ranges 
having lower limits above or below room temperature, 
if such be appropriate for the situation, as in the encap 
sulation of cold-sensitive or heat-sensitive core materials. 
The solvent for the polymeric wall material in this 

process is part of the vehicle in the cold state of a sys 
tem, and thus, stated reversely, the vehicle in part is the 
wall material solvent in the warm state of the system. 
Therefore, an undivided part of the solvent is sometimes 
part of the vehicle and sometimes part of the liquid wall 
material. The vehicle is of generally low viscosity and 
contains, in addition to the solvent, a minor part of a 
solute, giving up a part of the solvent to the polymer in 
the warm state. The solute may be an organic low-vis 
cosity liquid or a polymeric material. By furnishing such 
vehicle solvent with a solute incompatible with the wall 
forming polymeric material, to establish a major phase of 
low viscosity, the wall-forming material as a more viscous 
solution can exist as a separate phase in the vehicle and 
may be broken up in the vehicle, by agitation, and dis 
persed as minute liquid entities in the warm system, ready 
to coat core material particles that may be present in said 
System. The separate dispersed entities of viscous warm 
liquid solution of wall material coat the particles of core 
material to a thickness limited by the shearing effect of 
the agitation, the later cooling thereof causing the walls 
to give up the solvent. The walls thereupon shrink on the 
core particles into a dense, rigid, protective coating. By 
judicious choice of amounts of ingredients for a complete 
cycle of the process, a batch of capsules will utilize sub 
stantially all of the wall-forming material and the core 
material, leaving for the next cycle the residual vehicle 
to be refurnished with amounts of capsule ingredients 
lost. Any of the vehicle materials lost by entrainment 
with the recovered capsules, by evaporation or otherwise, 
also may be replaced between cycles. 
The process is economical and newly useful in various 

respects; viz.: 
(1) No hardening agent need be used to make the poly 

meric material rigid, dense, and solid after it has been 
deposited on the core particles as a liquid solution. 

(2) The vehicle can be used repeatedly, as it contains 
no hardening agents or irreversible reaction products. 

(3) The time for processing each batch is determined 
only by dispersing requirements, heating time, and 
cooling time. 

(4) The wall material remains unchanged in chemical 
structure, and, in the event the process is interrupted, 
the process can be resumed merely by being heated 
and agitated. 

(5) Refurnishing of materials for a new batch of cap 
Sules can be accurately controlled from empirical data 
obtained by trial runs, and, therefore, the process is 
Subject to automation. 
By the use of polymeric material that rigidizes by 

phasing out of solution in a condensed rigid form on be 
ing cooled, without retention of the solvent, capsules are 
formed having walls which are stable when removed from 
the system, even when later exposed to warm environ 
ments. 
The core material of the finished capsules may be ex 

posed for use by mechanical rupture of the capsule walls, 
by causing their disintegration by electrical or chemical 
means, or by leaching action carried out in an appropriate 
liquid environment, as the rigid wall is of membraneous 
character. 
The novel process has been used to provide capsules 

that are ingestible and harmless, as far as the wall mate 
rial is concerned, and vulnerable to core material extrac 
tion in the alimentary tracts of living creatures. 
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An unsaspected virtue of a preferred embodiment of 
the process is its use in the encapsulation of aspirin 
(acetylsalicylic acid), which heretofore has resisted wet 
ting by solutions of hydrophobic film-forming polymeric 
wall materials dispersed in a liquid manufacturing ve 
hicle, because of preferential wetting problems. Es 
pecially it was found that ethyl cellulose af 48.5% to 
49%, by weight, ethoxyl content is soluble in cyclonexane 
at near the boiling point of cyclohexane (80 degrees 
centigrade) and in such solution will deposit on aspirin 
particles dispersed in a continuous phase vehicle consist 
ing of a cyclohexane solution of an incompatible poly 
meric material or solvent material. On being cooled, the 
deposited solution walls of ethyl cellulose lose their 
solvent, shrinking to a rigid seamless protective wall about 
each aspirin particle. 

Regardless of its special adaptation for the encapsula 
tion of aspirin in ethyl cellulose by use of cyclohexane, 
the process has a wide range of use with regard to the 
encapsulation of other core materials, and to the use of 
other capsule wall materials, solvents, and phase-separa 
tion-inducing solutes, and with regard to the temperature 
ranges which such other materials require. 

While attention has been directed to a room-tempera 
ture norm for capsule recovery, it will be obvious that 
such is just a convenient temperature recovery environ 
ment. The insolubility-temperature point of the dissolved 
wall material in a given system is the controlling factor 
as to the temperature range over which the process takes 
place. If rigid walls are obtained by cooling the liquid 
deposit on capsules from an elevated temperature to a 
temperature lower than room temperature, the capsules 
are recovered from the system at that lower temperature. 
Rigid capsules completed at below room temperature, 
and removed, will not disintegrate, by melting of the 
walls, at room temperature or higher in the absence of a 
solvent, unless the polymeric material alone naturally 
has a liquid state at such higher temperature. Likewise, 
capsules with rigid walls recovered above room tempera 
ture may be used at room temperature and below. 
The change of state of the deposited polymeric mate 

rial solution to a rigid state, by loss of solvent on cooling, 
is not a gelation in a technical sense, such as occurs in an 
aqueous gelation solution on being cooled. In this novel 
process, the polymeric wall material in desolvated condi 
tion is a dense, rigid material and not a reticulated net 
work structure entrapping the solvent. 

In the recycling of a residual system, the most efficient 
method of refurnishing the system with capsule ingredi 
ents is to furnish what has disappeared in the making of 
the previous batch of capsules, but such may be varied 
if thinner or thicker capsule walls are required for the 
next batch, or if the particle size of the core materials and 
the degree of agitation, or both, are varied, that require 
correspondingly different ratios of capsule-forming mate 
rial. 
The chosen polymeric material must be used in such 

concentration that, in its existence in solution in the sys 
tem as a separate liquid phase, it will have a viscosity of 
between 100 and 10,000 centipoises, but preferably be 
tween 1,000 and 4,000 centipoises, in order to cling to 
small core material particles and to wrap around them. 
to form a complete liquid shell. Therefore, if polymeric 
materials are used that have characteristics different from 
the characteristics of the materials disclosed in the exam 
ples to follow, concentrations different from those which 
appear from the proportions of materials given in the 
examples may be required to give a dispersed liquid solu 
tion of polymeric wall-forming material having the neces 
sary viscosity to wrap around the core particles. 
The core material may be liquid if it can exist as a 

separate phase in the system under agitation, is stable 
to the necessary heating and cooling of the system, and 
is compatible with the liquid solution of wall-forming ma 
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4. 
terial from a non-reaction and wetting behavior stand point. 
To maintain the necessary mobility of the capsule 

forming materials in the vehicle, the vehicle must form 
the major part of the system by volume, the capsule 
forming dispersed phases preferably constituting 20% to 
30% of the whole system. 

Example I 
as mentioned, the minute encapsulation of acetylsali 

cy?ic acid particles to he recovered as finished capsules 
at room temperature, will be given herein as the preferred 
example, as such encapsulation in a controlled manner, 
with ingestible non-toxic capsule walls, and with sustained 
release characteristics in the human alimentary canal, 
in an economical cyclic manner subject to autoignation, 
has not heretofore been accomplished. 

Although the proportions of materials are given in 
exact weights, these proportions may be scaled up or 
down, for larger or smaller batches, and the amounts and 
particle sizes of the capsule-forming ingredients may be 
varied to give the desired ratio of wall material to core 
material in an average capsule, and to adjust the final 
average capsule size. 

This example utilizes (1) cyclohexane as the solvent 
vehicle, (2) butyl rubber having a viscosity of 60-75 
"Mooney' 8-minute reading at 212 degrees Fahrenheit, 
to maintain the wall material solution as a separate phase, 
(3) aspirin of a particle size passing a sieve with openings 
of 0.5 millimeter and retained on one with openings of 
0.149 millimeter, as core material, aid (4) ethyl cel 
lulose having an ethoxyl content of substantially 48.5% 
by weight, and a viscosity of 90-94 centipoises as a 5%, 
by weight, solution in a 20% alcohol/toluene solvent, as 
wall material. 

Into a 600-milliliter vessel, there are introduced, with 
agitation sufficient to produce liquid entities of ethyl cellu 
lose-cyclohexane solution of several microns average drop 
size at 80 degrees centigrade, 
200 grams of a 3%, by weight, solution of the specified 

butyl rubber in cyclohexane, 
4 grams of the specified ethyl cellulose, and 
48 grams of the specified particulate size acetylsalicylic 

acid, 
to form a system which is heated to 80 degrees centigrade. 
The system is cooled, with continued agitation, when the 
desired degree of dispersion has been reached. The liquid 
entities of wail-forming material will commence to de 
posit on the aspirin particles at about 70 degrees cen 
tigrade. The point of wall formation may be determined 
microscopically, and, after a few trials, automation data 
for a given batch size may be set down empirically in 
terms of time and degree of agitation. The cooling is 
carried on to room temperature, the capsules then being 
recovered by decantation, filtering, centrifuging, or the 
like, and thereafter dried. For recycling, the recovered 
liquid and residual contents are reconstituted to the origi 
nal ratios of materials, as determined by testing, the heat 
ing and cooling steps thereafter being repeated, with the 
required agitation. 
The 80-degree-centigrade manufacturing starting tem 

perature, for this Example I, insures that the ethyl cellu 
lose is in solution in the cyclohexane, sharing some of 
it to the exclusion of the butyl rubber. The butyl rubber 
maintains the more viscous ethyl-cellulose-cyclohexane 
solution as a separate phase of such concentration that it 
is broken up as minute liquid entities by the agitation, 
which is maintained at a level sufficient to keep the en 
tities of ethyl cellulose solution dispersed among the par 
ticles of aspirin, which, thereby, are individually coated 
with a continuous liquid wall. The suggested amounts 
given in this example give a coating in the rigid state of 
about one micron in thickness if all the wall material is 
deposited.   
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For purification, the capsules may be washed with cyclo 
hexane and re-filtered as many times as desired to remove 
any entrained butyl rubber. If the capsules are Washed 
with pure cyclohexane to eliminate entrained butyl rub 
ber, the wash liquid may be used over for the same pur 
pose until its contamination with butyl rubber renders it 
useless, and then the contaminated cyclohexane/butyl 
rubber wash liquid may be used by being refurnished with 
capsule ingredients and extra butyl rubber to form a 
potential capsule-making System. 
The capsules of this example are Substantially 92% 

aspirin and may be used for preparing dosage forms. 
Example is applicable to the encapsulation of any 

solid or liquid particulate material that is wettable by a 
hot cyclohexane solution of ethyl cellulose of the specified 
type and not otherwise reactant with the rest of the Sys 
tem. 

Example Ia 
An optional step in this example, which is a modified 

form of Example I, is provided to bring about the clear 
ing away of potentially toxic materials brought about by 
decomposition of minute amounts of the aspirin. These 
decomposition products are salicyclic acid and acetic acid 
and are found in commercially-produced acetylsalicylic 
acid. The hot system specified in Example i is Supplied 
with one milliliter of acetic anhydride, any remaining un 
used portion thereof being removed from the capsules 
by the washing process after the capsules are completed. 
This treatment effectively removes any such decomposi 
tion products. 

Different particle sizes of aspirin, different ratios of 
aspirin to cyclohexane solution of ethyl cellulose, and 
different ratios of butyl rubber to cyclohexane used in 
the system, departing from the exact proportions specified 
in Example I, may be used, such variations being adopted, 
as desired, to control the density and the thickness of the 
capsule walls, such necessary variations being ascer 
tainable by empirical testing, to suit the intended use of 
the capsules. 
With regard to the viscosity of the ethyl-cellulose-cyclo 

hexane solution containing the butyl rubber, the 2% con 
centration specified was preferred, but departures there 
from one way or another may be made So long as the 
viscosity of the separated phase is in the Tange Specified. 
If another phase-separation-inducing material than the 
specified butyl rubber is used, tests must be made to de 
termine how much to use to get the proper viscosity. 

Example II 
This example makes use of a system similar to that 

disclosed in Example I, except that the material is a liquid 
solvent of a slowly-evaporating aromatic type, such as 
“TS-28R Solvent, now supplied by Shell Oil Company as 
an aromatic solvent which contains approximately 75% 
aromatics, has an A.P.I. gravity of 34.4, has a per-gallon 
weight of 7.102 pounds, and has a boiling point range of 
318 degrees Fahrenheit to 392 degrees Fahrenheit. This 
is used in the same amount as the cylohexane of Example 
I. While not necessarily the preferred solvent for use 
with aspirin as the core material, it may be used success 
fully with other core materials that are not pre-wet to 
any extent therewith. 
Two examples of systems utilizing ethyl cellulose as 

the wall material for the encapsulation of aspirin having 
been given, a number of core materials, other than 
aspirin, are given that have been encapsulated with ethyl 
cellulose: 
Ammonium dichromate 
Acetyl para-amino phenol 
Amphetamine sulfate 
Aluminum aspirin 
Sodium bicarbonate 
Gelatin 
Cellulose acetate hydrogen phthalate 
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Polyvinyl pyrrolidone 
Mannitol 
Glyceryl guiacolate 
Dextro-methorphan hydrobromide 
Calcium gluconate 
Carboxy methyl cellulose 
The following solvent materials have been used in these 

two systems instead of cyclohexane of TS-28R solvent: 
n-Hexane plasticized with mono-acetylated glyceride 
Methylcyclohexane 
VM & P naphtha 

So far, the invention has been described in terms of 
ethyl cellulose as the capsule wall material because, 
besides being a generally useful film-former, it is emi 
nently useful in cyclohexane solution for encapsulating 
the perversely-acting aspirin. Other wall-material-vehicle 
systems with different required temperature ranges may 
be used, and such will be given as separate examples 
without limitation as to amounts of materials and the core 
materials to be encapsulated, as these may be determined 
with the limits heretofore specified as to mobility and 
viscosity. 

Example III 
Ethyl hydroxy ethyl cellulose of high viscosity is used 

as the wall material; polybutadiene of 8,000 to 10,000 
molecular weight, determined by the osmotic pressure 
method, is used as the phase-separation-inducing material; 
and non-aromatic mineral spirits having an A.P.I. gravity 
of 52.3, weight per gallon of 6.414 pounds, a flash point 
of 104 degrees Fahrenhait, and a boiling point range of 
310 degrees Fahrenheit to 355 degrees Fahrenheit is used 
as the solvent. This system is established within the 
range of materials needed to give the separated phase 
the necessary wrapping viscosity. The ethyl hydroxy 
ethyl cellulose has a content of 2.5-2.2 of the ethyl ether 
of ethyl ceiliulose and a complementary content of 0.3- 
0.5 of the hydroxy ethyl ether of ethyl cellulose, out of 
a total of three parts available for substitution. The 
temperature range for this system is 60 degrees centigrade 
to 40 degrees centigrade, for the higher-viscosity wall 
material, and 50 degrees centigrade to 30 degrees centi 
grade for the lower-viscosity wall material. 

Example IV 
In this example, the system is established with poly 

vinyl pyrrolidone/vinyl acetate copolymer as the wall 
material; polybutadiene of 8,000 to 10,000 molecular 
weight, as ascertained by the osmotic pressure method, 
as the phase-separation-inducing agent; and a 50-50 mix 
ture of toluene and cyclohexane as the solvent medium, 
used together to bring about the designated conditions 
for making capsules, the high temperature of the process 
for this example being 80 degrees centigrade, and the 
completion temperature being room temperature (25 
degrees centigrade to 20 degrees centigrade). 

Example V 
In this example, the system is established with vinyl 

chloride/vinyl acetate copolymer, having a vinyl chloride 
content of 85% to 88% and approximately a 10,000 
molecular weight, as the wall-forming material; the poly 
butadiene of Example IV as the phase-separation-inducing 
agent; and benzene as the solvent. This system is estab 
lished within the limits heretofore set out as the criteria. 
The high temperature to be used with this example is 
80 degrees centigrade and the finishing temperature may 
be as high as 60 degrees centigrade. 

Example VI 
This example is like Example I, except that polybu 

tadiene of 8,000 to 10,000 molecular weight is used in 
stead of butyl rubber, enough being used to give a sep 
arate ethyl cellulose solution of between 4,000 and 10,000 
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centipoises, the temperature range being from 80 degrees 
centigrade to 60 degrees centigrade. 

Example VII 
In this example, the wall material is ethyl cellulose 

with an ethoxyl content of 44.5% to 45%, the phase 
separation-inducing agent is polybutadiene of 8,000 to 
10,000 molecular weight, and the solvent is toluene. The 
processing of the system of this example is carried on 
between 75 degrees centigrade and 60 degrees centigrade. 

Example VIII 
In this example, polyvinyl pyrrolidone is used with the 

specified polybutadiene as the phase-separation-inducing 
agent, and toluene as the solvent, the system being estab 
jished within the critical ranges given, and the process 
being carried on between 110 degrees centigrade and 80 
degrees centigrade. 

In all of these examples, the system is so established 
that a hot viscous separate phase of a film-forming poly 
meric material dissolved in a volatile solvent is formed, 
the system being agitated, while hot, to initiate the Wrap 
ping of entities of the separated solution of polymeric 
material around intended core particles; continued agi 
tation completing the deposition of walls around the 
core particles while the cooling of the system is provided, 
the capsule wails setting by solvent loss only to a rigid 
condition. 
The systems provided, in completed or uncompleted 

condition, may be stored before being used in the final 
process steps of making the capsules by agitation, heat 
ing, and cooling. If the process begins with the mixing 
of the materials, they may be introduced in any order, 
and the addition of missing ingredients may be made at 
any time to establish the hot system. 
The systems in process may be reversed at any time 

by being reheated, with subsequent cooling, all with 
agitation. 
The recycling of the process, as described, is made pos 

sible by the absence of chemical hardening agents or the 
establishment of irreversible conditions. 
What is claimed is: 
1. A system provided for the en masse encapsulation 

of minute particles by use of agitation and heat followed 
by cooling with continued agitation, consisting of 

(a) a major part by volume of a low-viscosity liquid 
vehicle consisting in part of a solvent for polymeric 
film-forming wall material, the other part of the 
vehicle being a non-wall-forming polymeric material 

(b) polymeric film-forming wall material of rigid 
solid characteristics, said polymeric material being 
soluble in the polymer solvent part of (a) when the 
system is warm to form a separate phase, said film 
forming polymeric material being used to the extent 
that the warm solution of it has a viscosity of 4,000 
to 10,000 centipoises and may be broken up as tiny 
liquid entities in the vehicle by agitation, and 

(c) particulate core material immiscible with (a) or 
(b) but wettable by the warm solution of (b), (b) 
plus (c) forming less than 30% of the system, so 
that the particles and the liquid entities may be freely 
interspersed in the warm vehicle during capsule 
formation. 

2. The system of claim 1 in which the vehicle includes 
cyclohexane as the solvent and includes, as the other part 
of the vehicle, butyl rubber to force the polymeric wall 
material dissolved in the cyclohexane to exist in the vehi 
cle as a separate dispersible phase of between 4,000 and 
10,000 centipoises. 

3. The system of claim 2 in which the polymeric wall 
material is ethyl cellulose of about 48.5% ethoxyl con 
tent. 

4. The system of claim 3 in which (c) is particulate 
acetylsalicylic acid. 

5. The system of claim 1 in which (a) constitutes 
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more than 70% of the whole volume and includes a Solute 
holding the solution of (b) as a separate phase. 

6. The system of claim 5 in which the vehicle (a) in 
cludes cyclohexane as the solvent and (b) is ethyl cel 
lulose. 

7. The system of claim 6 in which (c) is acetylsalicylic 
acid. 

8. A continuous process for manufacturing minute 
capsules en masse, by batches, including the Steps of 

(a) establishing a system consisting of 
(1) a major portion, by volume, of a liquid in 

cluding a solvent for a polymeric film-forming 
material when warm, and a phase-separating 
solute of non-wall-forning polymeric material 
dissolved in the solvent, 

(2) a solid polymeric film-forming material solu 
ble as a separate phase in a portion of the sol 
vent of (1) when warm but becoming insoluble 
therein when cold, said solution of (2) in (1) 
forming a separate dispersible liquid phase in 
the system due to the presence of the phase 
separating solute with which it shares the sol 
vent, and 

(3) particles of core material insoluble in (1) 
or the solution of (2) in the solvent of (1); 

(b) warming and agitating the System to a tempera 
ture at which the solution of (2) in the solvent of 
(1) forms a dispersed liquid phase and the parti 
cle (3) are interspersed with and coated by 
the liquid phase dispersion of film-forming polymeric 
material to form individual liquid-walled capsules; 

(c) with continued agitation cooling the system to a 
temperature at which the liquid walls give up the 
solvent, leaving each particle coated with a seamless 
rigid film of (2); 

(d) recovering the capsules from the system, leaving 
the depleted residue; 

(e) refurnishing said residue with materials removed 
with the capsules or otherwise lost; 

(f) and repeating steps (h), (c), (d), and (e). 
9. Capsules made according to the process of claim 8. 
10. The process of claim 8 in which the solvent of 

the vehicle is cyclohexane, the polymeric wall-forming 
material is ethyl cellulose with an ethoxyl content of 
about 48.5%, and the dispersed polymeric material solu 
tion has a viscosity of 4,000 to 10,000 centipoises. 

11. The process of claim 8 in which the warm tem 
perature is above room temperature and the insolubiliza 
tion of the deposited wall polymer solution is achieved by 
cooling the solution to room temperature. 

12. The process of claim 11 in which the particulate 
core material is acetylsalicylic acid. 
12" Capsules made according to the process of claim 

14. The process of claim 12 in which the phase-separat 
ing solute of the vehicle is butyl rubber. 

15. A continuous process for manufacturing minute 
capsules en masse, by batches, including the steps of 

(a) providing a mutually-immiscible three-phase system 
at a given temperature, said three phases being 

(1) a liquid vehicle of low viscosity provided in 
an aniount constituting a major portion of the 
System, said vehicle being a solution of a poly 
meric material solvent and a phase-separating 
Solute consisting of a non-wall-forming liquid 
polymeric material, 

(2) a polymeric wall-forming material dissolved 
in part of the solvent of vehicle (1) but held as 
a separate liquid dispersible phase by the phase 
Separating solute, the solvent returning to be 
come part of the vehicle upon the cooling of the 
System, leaving the polymeric material as a 
solid, and 

(3) particles of core material insoluble in (1) or 
(2); 
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(b) agitating the system to disperse (2) as particles 
among particles (3), whereby said particles (3) each 
are coated individually by (2); 

(c) cooling the system with continued agitation to 
cause the coatings on the particles to give up the 
solvent to the vehicle, leaving finished capsules; 

(d) after recovering the capsules from the system, re 
constituting the system as provided in (a) and re 
peating steps (b) and (c) to form a new batch of 
capsules. 

16. The process of claim 15 in which the core mate 
rial is acetylsalicylic acid. 

17. The process of claim 16 in which one milliliter of 
acetic anhydride is added to the hot system. 

18. The process of claim 17 and, in addition thereto, 
the step in which the capsules are recovered from the 
residual liquid, which residual liquid is saved and replen 
ished with materials which bring the system to its starting 
condition (a), whereupon the process may be continued 
again. 

19. The process of claim 16 in which the vehicle is 
butyl rubber dissolved in cyclohexane, and the polymeric 
material is ethyl cellulose with an ethoxyl content of about 
48.5%. 

20. The process of claim. 19 and, in addition thereto, 
the step in which any decomposition products of acetyl 
salicylic acid are neutralized by the addition of the nec 
essary amount of acetic anhydride to the system, fol 
lowed by a washing of the capsules with cyclohexane 
until any excess acetic anhydride and any entrained butyl 
rubber are washed away. 

21. A process for encapsulating minute acetylsalicylic 
acid particles individually in ethyl cellulose, including the 
steps of 

(a) forming an agitated system of: 
Parts by weight 

cyclohexane --------------------------- 194 
butyl rubber-viscosity of 60-75 "Mooney,' 

as Specified -------------------------- 6 
ethyl cellulose-ethoxyl content of about 
48.5% ------------------------------ 4 

Acetylsalicylic acid-powdered to the spec 
ified size ---------------------------- 43 

heated to 80 degrees centigrade until the dis 
solved ethyl cellulose has a drop size of 
several microns; and 

(b) cooling the agitated system to room temperature, 
to form capsules dispersed in a residual liquid vehi 
cle. 

22. The process of claim 21 and, in addition thereto, 
the step in which the capsules are recovered from the 
residual liquid, which residual liquid is saved and replen 
ished with materials which bring the system to its start 
ing condition (a), whereupon the process may be con 
tinued again. 

23. A process of manufacturing minute capsules, en 
masse in a liquid vehicle, including the steps of 

(a) establishing an agitated system at a predetermined 
temperature above room temperature (20 degrees 
centigrade to 25 degrees centigrade) of 

(1) a common solvent liquid, 
(2) a phase-separation polymeric material soluble 

in (1) at room temperature and at the pre 
determined elevated temperature, 

(3) a wall-forming polymeric material soluble to 
an extent in the solution of (2) in (1) at the 
predetermined elevated temperature, by sharing 
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part of solvent (1) exclusively, to form a sepa 
rate solution of (3) in (1) phase which sepa 
rate solution phase has, by reason of deter 
mined ratios of (1), (2), and (3), a viscosity 
of between 1,000 and 4,000 centipoises, said 
separate solution being dispersed as minute 
liquid entities of the desired drop size by the 
degree of agitation, and 

(4) intended capsule core material insoluble in the 
remainder of the system, wettable by the sepa 
rate dispersed solution of (3) in (1) and dis 
persed as particles interspersed with and wet by 
said dispersed solution liquid entities, to form 
liquid-walled capsules; and 

(b) with continued agitation cooling the system to room 
temperature to cause the polymeric material of the 
solution deposited on particles (4) to phase out as 
a solid seamless wall around each particle to form 
capsules which are self-sustaining in and out of the 
remainder of the said system. 

24. A process of manufacturing minute capsules, en 
masse in a liquid vehicle, including the steps of 

(a) forming an agitated system heated at a predeter 
mined temperature above room temperature, said 
system consisting of 

(1) a major portion of a liquid solvent, 
(2) a lesser portion of hydrophobic film-forming 

rigid polymeric material soluble in (1) to the 
extent of said lesser portion at the predeter 
mined temperature above room temperature, 

(3) a polymeric material incompatible with the 
solution of (2) in (1) and soluble in (1) both 
at the predetermined temperature and at room 
temperature, (3) being supplied in empirically 
determined sufficient amount to keep the solu 
tion of (2) in (1) as a separate liquid phase 
having at the predetermined temperature a vis 
cosity of from 1,000 to 4,000 centipoises by an 
appropriation of a share of solvent (1), the 
agitation keeping the separated phase solution 
of (2) in (1) dispersed in the rest of the system 
at the predetermined temperature as minute liq 
uid entities, and 

(4) intended capsule core material wettable by 
the solution of (2) in (1), insolubie in the rest 
of the System, and dispersable by the agitation 
as minute particles among the dispersed liquid 
entities of wall material solution of (2) in (1), 
whereby the said liquid entities deposit on the 
core material particles to form a liquid wall 
about each particle; and 

(b) still with agitation, to keep the liquid-walled parti 
cles of core material dispersed in the system, bring 
ing the temperature of the system toward room tem 
perature to cause the polymeric wall material in the 
liquid walls to concentrate as a rigid seamless wall 
around each particle. 

25. The process of claim 24 in which the capsules are 
recovered from the system and replaced by materials to 
bring the depleted system to its original state. 
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