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Ethylcellulose microcapsules containing magnesium aluminum hydroxide hydrate
were prepared by the phase separation method using organic polymer solutions and observa-
tion on the formation mechanism of wall film during the microencapsulation process was
done.

The system of ethylcellulose~dichloromethane-#-hexane was used for microencapsula-
tion.

In this system, it was found that coacervate drops deposited first on the hydrophobic
surface of the core material and the wall was then formed. Furthermore, the region of
constant wall thickness was observed irrespective of the weight of ethylcellulose in the
microcapsules finally obtained.

Keywords microencapsulation of magnesium aluminum hydroxide hydrate;
ethylcellulose coacervate microcapsules; surface appearance; formation mechanism
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In pharmacy, various methods have been used to prepare polymer microcapsules contain-
ing drug. Among these techniques,? the phase separation method using coacervation in the
system of polymer solutions has generally been used and the detail of the method have been
described in many patents,® and papers.-%

Cellulose acetate phtharate,® hydroxypropy!l cellulose® and ethylcellulose® were used
as film-forming agents for encapsulation of solid by simple coacervation. However, the pro-
cedural behavior of coacervation has yet been studied in detail.

In this study, therefore, an attempt was done to observe the deposition behavior of ethyl-
cellulose coacervate drops on magnesium aluminum hydroxide hydrate granule, as an antacid
drug, by a simple coacervation of the ethylcellulose-dichloromethane-n-hexane system at the
optimum encapsulation conditions. Furthermore, possible cross sectional models for the de-
position of ethylcellulose coacervate drops on the core material and the final state of microcap-
sule walls were suggested.

Experimental

Materials The core material was magnesium aluminum hydroxide hydrate granule (Kyowa Chemical
Industry Co., Ltd.) and had the characteristics given in Table L.

Ethyleellulose (My =12000, reagent grade, Tokyo Kasei Industry Co., Ltd.) was used as the wall material.

Dichloromethane and n-hexane, both of which were of reagent grade, were used as the good solvent and
nonsolvent (coacervating agent).

All of them were used without purification.

Preparation of Microcapsules A) Transfering: A series of 20 ml test tubes were taken, each con-
taining 0.250 g of magnesium aluminum hydroxide hydrate, and to these tubes were added ethylcellulose

1) Location: 12 Funagawara-machi, Ichigaya, Shinjukuku, Tokyo.

2) A. Kondo, “Microcapsule,” Nikankogyoshinbunsha, Tokyo, 1970.

3) M. Gutcho, “Capsule Technology and Microencapsulation,’ Noyes Data Corp., New Jersey, USA, 1972.
4) H.P. Merkle and P. Speiser, J. Pharm. Sci., 62, 1444 (1973).

5) S. Borodkin and F.E. Tucher, . Pharm. Sci., 63, 1354 (1974).

6) IBM: USP 3, 173, 878 (1965).
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Tasre I.  Characteristics of Magnesium Aluminum Hydroxide Hydrate

MgO content (%) 37.4 Al,O,4 content (%) 16.4
CO, content (%) 7.1 drying loss (%) 3.4
pH 8.7 specific gravity 2.05
solubility at 25° (ppm) 201

granule diameter (mm) 0.5

BET surface area (m?/g) 110
chemical structure: MggAl,(OH),,CO,-4H,0

solution in dichloromethane of concentrations from 0.02 to 10.0% (w/v). After 10 minutes standing, 5 ml
of distilled water was added to the test tubes and then, the tubes were agitated for 15 seconds by a mixer.
After a while, it was observed that the core material existed either in the top or in the bottom phase, which
consisted of water and dichloromethane, respectively, After 24 hours standing, the tubes were gently shaken
and they allowed to stand age for a week, and the sedimentation volume of the core material was measured
in the top and the bottom phases in the tubes, meanwhile, the volume occupied by emulsion was observed in
the middle phase.

B) Preparation of Phase Diagram: At 25°, the turbidimeter (Nippon Precision Optical Instrument Co.,
Ltd., Tokyo, SED-PT-201 type) was used for preparing phase diagram. Various volumes of #-hexane were
added to ethylcellulose solutions of various concentrations in dichloromethane solution and the turbidities of
the mixture were measured immediately after shaking with hand. The point of phase change was taken as
the point at which the turbidity started to increase rapidly. The points of phase change at various concentra-
tions of ethylcellulose were determined in this way and the phase diagram was prepared based upon these
points of phase change in the solutions.

n-Hexane, in the same range of volume described above, was added to ethylcellulose solutions in dichloro-
methane in a thermostated water bath at 4° and then, the turbidity was visually observed. Similar observa-
tions were made using subdivided »-hexane volumes in the range where the added volume caused the turbidity
to increase to a visually observable level. The critical weight percentage at the point of phase change was
then calculated from the specific gravity data and was plotted on a triangular diagram.

C) Microencapsulation: Ethylcellulose microcapsules of various wall thicknesses were prepared by the
following method, as indicated in Chart 1.

magnesium aluminum hydroxide hydrate (0.25g)

!

9% (w/v) ethylcellulose dichloromethane solution (5 ml)

temperature 25°
stirring with magnetic stirrer

addition of 10—30 ml of #-hexane

(1) temperature kept at 25° for 1 hr
(2) cooling of system to 4°
(8) temperature kept at 4° for 24 hr

separation of microcapsules by decantation of liqﬁid

!

washing of microcapsules and hardening of
capsule walls with 40 ml of cold #-hexane

|

removal of liquid by decantation

|

drying of microcapsules under the reduced pressure

ltemperature kept at 4° to this point of the process

complete drying of microcapsules at 60° under the reduced pressure

Chart 1. Preparation of Ethylcellulose Microcapsules
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A portion (0.25 g) of magnesium aluminum hydro-
xide hydrate, previously dried at 110° for one hour by
an infrared-moisturemeter (Kett Electric Laboratory
Co., Ltd., Tokyo, Kett 2A type) was added to 5 ml of
99, (w/v) ethylcellulose solution in dichloromethane
and then, the mixture was stirred for 30 seconds by a
magnetic stirrer. An appropriate volume of n-hexane
was added to it to cause phase separation. The mix-
ture was continuously stirred for one minute, and it was
allowed to stand at 25° for one hour with occasional
stirring to promote deposition of coacervate drops on
the surface of magnesium aluminum hydroxide hydrate
granules. To solidify the wall, the mixture was then
permitted to stand at 4° for 24 hours. After the super-
natant solution was removed by decantation and 40 ml
of cold n-hexane was added, the mixture was allowed
again to stand at 4° for 24 hours. The supernatant solu-
tion was removed, and the precipitate was dried under
a reduced pressure at 60° was required to attain a con-
stant weight of the microcapsules. The amount of
phase-separated ethylcellulose could be controlled by
adjusting the volume added of n-hexane to the system.

D) Determination of Wall Thickness of Microca-
psules: The size of microcapsules was measured on
about 100 microcapsules under a microscope at 200
magnifications. The wall of the microcapsules was
dissolved in dichloromethane and then size of the core
material particles was measured by a method similar to
that described above after drying. The wall thickness of
the microcapsules was thus determined from the diffe-
rence in the mean size between the microcapsules and the
core particles.

Fig. 2. Transfer States of the Core Material after
One Week Standing at 25°

key: (1) one week standing (2) 15 minutes standing, as a
reference

note: ethylcellulose concentrations*: 0,0.02,0.05,0.09, 0.13,
0.19, 0.35, 0.50, 0.79, 1.0%(w/v) * from left to right sides in
figures,
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Fig. 1. Transferability of the Core Mate-
rial from Ethylcellulose Solution in Di-
chloromethane to Water at 25°

key: O, sedimentation volume in water; @), sedimen-
tation volume in ethylcellulose solution; <,sedimenta-
tion volume in boundary phase region; 1,2, 3, and S
are states of the core material in some experimental
conditions. But S is in pretransfering condition; W,
E, D, and P, water, boundary phase region, ethylcellu-
lose solution in dichloromethane, and the core material.
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Fig. 3. Triangular Phase Diagram of the Co-
acervate System, Ethylcellulose-Dichlorome-
thane-n-Hexane

key: A, optimum encapsulation region at 25°
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Fig. 4. Photomicrographs of Ethylcellulose Coacervate Drops

key: (1), coacervate in region @ of Fig. 5; (2) and (3), region @ in Fig. 5; (4), region

® in Fig. 5.

Note: (1), 11 ml of #-hexane was added in 5 ml of 9% (w/v) ethylcellulose solution in
dichloromethane; (2), 15 ml of #n-hexane; (3),17.5 ml of n-hexane; (4), 20 ml of n-hexane.
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Tig. 5. Weight of Ethylcellulose in Co-
acervate at 4° as a Function of Added
n-Hexane
key: (D, coacervating region in the form of small

spherical drops; (@), spherical or ellipsoidal medium
size drops; (@), large and irregular shaped drops.

Results and Discussion

Preparation of Microcapsules

A) Transferability of Magnesium Aluminum
Hydroxide Hydrate to Water Phase Figure 1
shows the transfer of magnesium aluminum
hydroxide hydrate from dichloromethane to
water in the presence of ethylcellulose in the
organic phase. As can be seen, there are three
regions, 1, 2, and 3, in the transfer. Most of the
core material existed in the water phase while
only the trace amount was in an emulsion phase
as designated by the region 1, up to the con-
centration of 0.259%, (w/v) ethylcellulose solution
in dichloromethane. In the region 2, where the
ethylcellulose concentration lay between 0.30—
0.509%, (w/v), the core material was distributed
in three phases and the transfer of the core
material decreased with increasing ethylcellulose
concentration. Furthermore, the core material
was not in the water phase when the ethylcellulose
concentration exceeded 0.509, (w/v).
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On the basis of the above mentioned results, the experimental results on the sedimenta-
tion volume of the core material in both water and ethylcellulose solution, and the volume
occupied by emulsion, which is formed by shaking the core material and two liquids, will be
discussed below.

The sedimentation volume in water decreased gradually when the ethylcellulose concen-
tration increased from 0 to 0.35% (w/v). On the other hand, the sedimentation volume in
ethylcellulose solution increased gradually as the ethylcellulose concentration increased from
0.209%, (w/v) to 10% (w/v). Therefore, the surface of the core material seems to have changed

, i -
Fig. 6. Scanning Electron Micrographs of Ethylcellulose Microcapsule Surface
and Uncoated Core Material Surface

key: (1), uncoated core material; (2), the surface of the core material encapsulated in region @
of Fig. 5; (3), (4), and (5), region @ in Fig. §; (6), region ® in Fig. 5.

note: (1), uncoated core material; (2), 13% (w/w) ethylcellulose concentration in microcapsule
finally obtained; (3), 22.5% (w/w); (4), 20% (w/w); (5), 45% (w/w); (6), 60% (w/w).
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in stepwise from hydrophilic to hydrophobic one. The change in the surface property was
clearly observed when the ethylcellulose concentration was higher than about 0.359%, (w/v)
and it became more distinct if the concentration was above 0.509, (w/v).

Figure 2 shows the transfer of the core material in all three regions. The above states
after one week standing were the same as those after 24 hours except that the emulsion volume
decreased gradually with time. The volume of emulsion in the middle phase, as can be seen
in the figure, has a maximum in the boundary region having both hydrophilic and hydrophobic
properties.

B) Microencapsulation——The triangular phase diagram of the system ethylcellulose-
dichloromethane-n-hexane is shown in Fig. 3. The region A was used for microencapsulating
magnesium aluminum hydroxide hydrate granules, as described in the experimental part C.

Figure 4 shows ethylcellulose coacervate drops formed by the addition of various volumes
of n-hexane to ethylcellulose solution in dichloromethane. The photographs show that the
size and shape of coacervate drops change remarkably with the increase in the amount of #-
hexane added. We assume that the drops in the photo (4) correspond to those in which phase
separation proceeds too much and they cannot be used as coacervate drops to deposit on the
core material. 'When these drops deposit on the hydrophobic surface of magnesium aluminum
hydroxide hydrate modified by ethylcellulose adsorption, they can form microcapsule wall
having various wall thicknesses.

The correlation of ethylcellulose weight deposited on the surface of the core material and
the volume of #-hexane added is shown in Fig. 5. The weight of ethylcellulose in coacervate
increased with increasing amount of #-hexane showing a sigmoid curve. Subdivided regions
1, 2, and 3 shown in the figure correspond to those in which different volumes of #-hexane
are needed to form the three kinds of wall having different wall thicknesses discussed elsewhere
in this paper. However, the region 3 may not be used to make a suitable wall in microen-
capsulation, as described in the discussion of the data in Fig. 4.

Figure 6 gives scanning electron micro-
graphs of ethylcellulose microcapsules with
various weight of the wall material.

C C The surface (1) is that of an uncoated core

D WE WB granule. The surface (2) has a network struc-
M ~M ture formed by dried ethylcellulose coacervate.

The network structure may be formed by

step I step IT

Q - shrinkage of coacervate drops during the dry-

® 2  — m ing of the microcapsules. In the case of the
surface (3), the surface seems to have formed

% by further deposition of slightly large coa-

, %’" cervate drops onto the network structure of
@ 7 T 1T, the surface (1). Subsequently, continual

changes of the surface appearance were ob-

served on the surfaces (4)—(5). The surface
® % — m somewhat rougher than the surface (3), pro-
bably because of changes in the size and shape

Fig. 7. Possible Cross Sectional Models for of coacervate drops as are seen in Flg 4,

the Deposition of Ethylcellulose Coacervate A : ;
Drops on the Core Material and the Final s a result, correlation seems to exist

State of Microcapsule Walls between the appearance of microcapsule walls

key: step I: coacervate drops deposited at first; step and the size and Shape Of dep osited coacervate

1I: final walls; @, @, and (@), see Fig. 4, 5, and 6; C, drops.

E, and M, coacervate drops, ethylcellulose adsorbed Ti h ib .
initially on the core material, and the core material. igure 7 shows possi le cross sectional
note: @': the case of more larger coacervate drops models for the deposition of 1cellulos
than that of @ in this figure, but it belongs within p ethy clinlose
region @. coacervate drops on the core granule (see step
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I) and the final wall films of the microcapsules (see step II). The models in both steps were
postulated on the basis of the microphotographs of coacervate drops (Fig. 4) and the scanning
electron micrographs of the microcapsule surface (Fig. 6).

The wall thickness of the microcapsules prepared by the method described in Fig. 7 is
given in Table II.

Tasire II. Effect of Ethylcellulose Concentration on Wall Thickness

Ethylcellulose concentration® 9, (w/w) 8. 1
6.

7 10.8 . . . . . .
Wall thickness (p) 2 7.5 15.0 16.2 17.5 16.2 21.2 36.2

a) in microcapsule finally obtained

It is observed that the wall thickness is in the range 6.2—36.2 w and has the almost same
value when the microcapsules are prepared using 27—469, (w/w) ethylcellulose concentration
in microcapsules finally obtained. These results correspond with that of possible cross sectional
models in final walls in Fig. 7.
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