HPRII
EARMEVIALS AD REBLLTS

In order to facilitate the complexity of the experiments, a
sequential order of preparations will be presented in this chapter. In
each experiment, an easy-to-understand flow chart which illustrates the
experimental procedure is included at the beginning of the section.

2.1)  EQUPVENT REURMVENT RR THE EFERIVNTAL VK

T.K. Auto Homo Mixer Model M, Tokushu Kika Kogyo Co., Ltd.,
Japan, was used for preparing the emulsion of encapsulated material
containing the first reactant dispersed in water as continuous phase
before adding the aqueous solution of the second reactant to form high
molecular weight condensation polymer film at the interface.

Heidon Laboratory stirrer Type-600G, Shinto Scientific Co.,
Ltd., Japan, was wused for mixing the emulsion of the encapsulated
material containing first reactant and aqueous solution of the second

reactant to form microcapsules.

Water bath having a cooling and heating unit was wused for
controlling temperatures during the preparation of microcapsules.

Optical ~ microscope  was used for examining  microscopic
properties and picture taking of the microcapsules.

Scanning electron microscope, JEM-35CF, was used for examining
microscopic properties and picture taking of the microcapsules.

Spectrophotometer Model UV—101, Shimadzu Corporation, Japan, was
used for the determination of the average particle size of emulsion by
turbidity method.
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Particle Size Analyzer Series SA-CP2, Shimadzu Corporation,
Japan, was used for the determination of the average particle size and
size distribution of the microcapsules by ultra-centrifuge method.

Gas chromatograph Series GC-14A, Shimadzu Corporation, Japan,
was used for measuring the unencapsulated material or the determination
of microencapsulation efficiency.

IBM personal computer with SizeCalc, Lotus 123, and Microsoft-
chart as application software used for the calculation of average
particle size and size distribution of the emulsion and the
microcapsules.

Glassware and other equipment 100 ml. cylinder, 500 ml.
beaker, 250 ml. separatory funnel, thermometer, stop watch, analytical
balance, etc.

2.2) CHEMICAL SELECTION FOR EXPERIMENTS

All chemicals used in this thesis were chemical-pure grade. They
were used without prior purification but their concentrations calculated
based on the purity provided by manufacturers. The chemicals mentioned
are -

Two kinds of polyamide were selected to synthesize a polymeric
microcapsule shell. PolyChexamethylene sebacamide) was synthesized by
using sebacoyl chloride vreacting with hexamethylene diamine while
poly(para-phenylene  terephthalamide) was synthesized by using
terephthaloyl chloride reacting with para-phenylene diamine.

Sebacoyl chloride from Fluka Chemie, Switzerland, having a
minimum purity of 97.0% and a molecular weight of 239.14 gm./mole;
assigned name  SBC.

Hexamethylene diamine from Fluka Chemie, Switzerland, having a
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minimum purity of 97.0% and a molecular weight of 116.20 gm./mole;

assigned name  HMVDA

Terephthaloyl chloride from Fluka Chemie, Switzerland, having a
minimum  purity of 99.7% and a molecular weight of 203.03 gm./mole;

assigned name  TPC,

Para-phenylene diamine from Fluka Chemie, Switzerland, having a
minimum purity of 97.0% and a molecular weight of 108.14 gm./mole;

assigned name  PNDA.

Two kinds of encapsulated materials which have different
properties were butyl acetate and dibutyl phthalate. Butyl acetate has a
low boiling point, “high vapor pressure and is a water-insoluble
encapsulated material whereas dibutyl phthalate possesses high boiling
point, low wvapor opressure and is a water-insoluble encapsulated
material.

Butyl acetate from Alusuisse, ltaly, having a minimum purity of
99.0%, a molecular weight of 116.0 gm./mole, a vapor pressure of 8.7
mmHg at 20.0%, a specific gravity of 0.8826 (20/20°C) and a boiling
point of 126.3*C; assigned name  BAT.

Dibutyl phthalate from Alusuisse, Italy, having a minimum purity
of 99.0%, a molecular weight of 278.35 gm./mole, a vapor pressure of 1.1
mmHyg at 150.0'C, a specific gravity of 1.0484 (20/20°c) and a boiling
point of 340.0°C; assigned name  DBP.

Two types of emulsifiers, protective colloids and surface
active agents, were used. Poly(vinyl alcohol) and styrene maleic
anhydride copolymer in sodium salt forms as protective colloid and
poly(oxyethylene lauryl ether) and sodium dodecyl benzene sulfonate as

surface active agent.
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Poly(vinyl. alcohol) from Kuraray Poval (PVA 224E), Japan, having
a minimum purity of 99.7%, a hydrolyzed percentage of 87-89% and a
degree polymerization of 2,400 - 2,500; assigned name  PVA

Sodium salt of styrene maleic anhydride copolymer from Arco
Chemical  (SMA-3000), S.A., having a minimum purity of 99.7%, a
styrene/maleic anhydride ratio of 3/1 and a molecular weight of 1,900

gm./mole; assigned name  SMA.

Poly(oxyethylene lauaryl ether) from Kao Corporation (Emulgen-
120), Japan, having a minimum purity of 99.9%, a ethylene oxide number
of 14 and a hydrophilic lipophilic balance of 15.3; assigned name
POLE.

Sodium dodecyl benzene sulfonate Kao Corporation (Neopelex F-
35), Japan, having a minimum purity of 35.0% and a molecular weight of
351.5 gm./mole; assigned name  SDBS.

An acid-receiver, sodium hydroxide, was used to neutralize
hydrochloric acid which is generated by polycondensation of diacid

chloride with diamine.

Sodium hydroxide from Aldrich Chemie, U.S.A., having a minimum
purity of 99.7% and a molecular weight of 40.0 gm./mole; assigned name
NaOH.

Other chemicals for analyzing methods were of analytical grade
having a minimum purity of 99.9%. Water using as an aqueous medium was

deionized water; assigned name  DIW.
2.3) SOLUBILITY OF DIACID CHLORIDE IN ENCAPSULATED MATERIAL
2.3.1) Purpose

To determine the solubility of sebacoyl chloride and
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terephthaloyl chloride in butyl acetate and dibutyl phthalate.
2.3.2) Procedure

The solution of diacid chloride was prepared as shown in
Flow Chart 1 to determine the solubility of sebacoyl chloride in butyl
acetate; sebacoyl chloride in dibutyl phthalate; terephthaloyl chloride
in  butyl acetate; and terephthaloyl chloride in dibutyl phthalate
100.00 gm. of encapsulated oil was firstly weighted into a 250 ml
beaker and kept it at the temperature of 30°c a in water bath. Then 0.5
gm. of diacid chloride was added into the beaker and was stirred until
the diacid chloride was completely dissolved. Another 0.5 gm. of diacid
chloride was added to the encapsulated oil until a saturated point was
obtained. By the other means, 15.0 gm. of diacid chloride was added and
stirred until it was completely dissolved.

Flow Chart I Solubility Determination of Diacid Chlrides.
SBC or TPC BAT or DBP
XXX gm. 100.0 gm.

Kept in a water bath at the-
temperature of 30° ¢
Added in 0.5 gm. and stirred until dissolved
then another addition of 0.5 gm
Examined the saturation point

2.3,3) Results

The solubility of diacid chlorides  sebacoyl chloride
and terephthaloyl chloride, in encapsulated materials of butyl acetate
and dibutyl phthalate is shown in Tables 1, 2, 3 and 4 as follows



Table 1 Solubility of Sebacoyl Chloride in Butyl Acetate.

Sepacoyl Chloride (gm) in
1000 gm of Butyl Acetate AppearanCe

05 - 100 clear solution

Table 2 Solubility of Sebacoyl Chloride in Dibutyl Phthalate,

Sebacoyl Chloride (gm.) in
1000 gn of Dibuyl Phihalate Appearance

05 - 100 clear solution

Table 3 Solubility of Terephthaloyl Chloride in Butyl Acetate.
Terephthaloyl Chloride (gm.) in

1000 gm of Buyl Acetate Appearance
05- 80 clear solution
8.5 slightly turbid
9.0 not dissolve

Table 4 Solubility of Terephthaloyl Chloride in Dibutyl Phthalate.
Terephthaloyl Chloride (gm) in

1000 gn of Dibuyl Phihlate Appearance
05 - 45 clear solution
5.0 slightly turbia
b5 significantly turbid

6.0 not dissolve
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2.3.4)  Cone usions

Sebacoyl chloride can dissolve in butyl acetate or
dibutyl phthalate in any portion but terephthaloyl chloride has a
limited  solubility as shoan in Table 5. Tre optimum  concentration  of
diacid  chloride used for microencapsulation should ke carefully
considered.

Table 5 Solubility of Diacid Chloride in the Encapsulated Oll.
Solubility in

|tems 1000 gn
sebacoyl chloride in butyl acetate infinity
sebacoyl chloride in dibutyl phthalate infinity
terephthaloyl chloride in butyl acetate 9.0 gm

terephthaloyl chloride in dibutyl phthalate 6.0 gn

2.4) CLLBILITY OF DIAHNE IN WATR
2.41) Purpoe

To determine the solubility of hexamethylene diamine and

para-phenylene diamine in deionized water.

2.4.2)  Procedure

The solubility of hexamethylene diamine and para-
phenylene diamine in deionized water was examined as shown in the Flow
Chart 2. 100.0 gm. of deionized water was firstly weighted into a 250
ml. beaker and kept it at the temperature of 30‘c in a water bath. Then
0.5 gm. of diamine was added into the bheaker and was stirred until it
was completely dissolved. Another 0.5 gm. of diamine was added to the
deionized water until the saturated point was obtained. By the other



means, 10.0 gm. of diamine was added and stirred until it was completely
dissolved.

How Chart 2 Solubility Determination of Diamines,
HVA or ANA oW
XXX M 1000 gm

Kent in water bath at the
temperature of 30’ ¢
Aded in 0.5 gm and stired until dissolved
then another addition of 0.5 gm
Bxamined the saturation point
2.4,3) Results

Tre solubility of hexamethylene diamine and  para-
phenylene diamine in water is shoan in Tables 6 and 7.

Table 6 Solubility of Hexamethylene Diamine in Deionized \\eter.

Hexamethylene Diamine (gm.) in
1000 gn of Deionized W\ater Appearance

05 - 100 clear solution

Table I Solubility of Para-phenylene Diamine in Deionized Wéter.

Para-phenylene Diamine (gm,) in
1000 gm of Deionized \\eter Appearance
05 - 40 clear broan solution
45 slightly turhid

5.0 not dissolve
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2.4.4) - Conclusions

Hexamethylene  diamine has an infinite solubility i
water but the solubility of para-phenylene diamine Is saturated at about
50 gm in 1000 gm of water as shown in Table 8. The concentrations
used are correlated to the concentration of diacid chloride in 11 mole
ratio.

Table 8 Solubility of the Diamines in Deionized Water.

Solubility in
|tems 1000 gn
Hexamethylene  dliamine - in deionized water Infinity
Para-phenylene diamine In deionized water 5.0 gm

2.5) (PIMM QIL-TOWATER AHAE RATIO
2.5.1)  Purpose

To find optimum phase ratio of dibutyl phthalate and
butyl acetate to deionized water.

2.5.2)  Procedure

Tre optimum oil-to-water phase ratio of butyl acetate
and dibutyl phthalate wes examined as shoan inthe How Crart 3 and the
oil to water phase ratio wes illustrated inTable 9. 2400 gm of
deionized water and 60.0 gn of encapsulated oil were weighted Into a
500 ml. beaker. This mixture wes homogenized with TK homogenizer using
a speed of the propeller at 10000 mm for 50 minutes toproouce
emulsification. This emulsion wes immediately poured into a 500 ml.
cylinder to measure the separation time, aneneral appearance s
determined by visual evaluation.



How Chart 3 Qptimum Oil to Water Prase Ratio Determination.
BN or [P oW

Homogenized with TK. homogenizer at
the speed of 10,000 rpm for 5.0 mn.

Poured into a 500 ml. cylinder
Examired for the separation time

Table 9 Phase Ratio of Encapsulated Oil to Veter.
Butyl Acetate (gm)  Deionized Water  Qil-to-Water Ratio

or Dibutyl Phthalate (om) (m gm)

60.0 2400 20:80
9.0 2100 30:70
1200 180.0 40:60
150.0 150.0 50:50
180.0 1200 60:40
2100 %0.0 70:30
240.0 60.0 8020

2.5.3) Results
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Tre variation of oil-to-water phase ratio of butyl
acetate and dibutyl phthalate is shown in Tables 10 ad 11 as follows :-

Table 10 Butyl Acetate to Deionized Water Phase Ratio.

Oil-to-Water Ratio  Rate of Separation andl Appearance

20:80 suddenly separated, oil in water
30:70 separated after 12 minutes, oil in water



Table 10 Butyl Acetate to Deionized Wter Phase Ratio.
Oil-to-Water Ratio Rate of Separation and Appearance

40:60 separated after 5 minutes, oil in water
50:50 separated after 2 minutes, oil in water
60:40 suddenly separated, water in oil
70:30 suddenly separated, water in oil
80:20 suddenly separated, water in oil

Table 11 Dibutyl Phthalate to Deionized Weter Phase Ratio.
Oil-to-Water Ratio  Rate of Separation andl Appearance

20:80 suddenly separated, oil in water

30:70 separated after 9 minutes, oil in water
40:60 separated after 4 minutes, oil in water
50:50 separated after 1 minutes, oil in water
60:40 sudcenly separated, oil in water

10:30 sudclenly separated, water in oil .
80:20 suddenly separated, water in oil

2.5.4)  Conclusions

The optimum phase ratio of butyl acetate and dibutyl
phthalate to deionized water is 30:70. This ratio will De used for next

experiments.

2.6) FROELER FHD AD HMENZANG TIVE RINE
2.6.1)  Purpose

To find the minimum and maximum propeller speed and

homogenizing time that can disperse the encapsulated oil into the



38

smaller droplets which have a diameter of around 1.0-100.0 micrometers.

2.6.2) Procecure

Emulsifier solutions were prepared by using the weights
listed in Table 12. PVA or SMA was boiled in deionized water at 80'C for
one hour to make a completely soluble solution and then the solution of
PVA or SMA was cooled to 30°C. POLE and SDBS were dissolved in deionized
water at 30°C. To a 500 ml. beaker, 210.0 gm. of emulsifier solution and
90.0 gm. of encapsulated oil were added. This mixture was homogenized
with a T.K. homogenizer at the propeller speeds and homogenized times
which are shown in the Tree Diagram 1.

Flow Chart 4 Procedure of Propeller Speed and Homogenizing Time Range.
BAT or DBP DIW PVA, SMA, POLE or SDBS

Dissolved the set condition
Homogenized by a T.K. homogenizer
Speed and homogenized time designed
in the Tree Diagram 1

Examined separation®and average particle size

The total amount of emulsifier was 7.5% of encapsulated
oil, the oil-to-water phase ratio was 30:70 /[ , the propeller speeds
were chosen at 2,000, 6,000 and 10,000 rpm. and the homogenized times
were selected at 30, 90 and 150 seconds.



Table 12 Formulation of Encapsulated Oils in Various Emulsifiers.

Table 12-1 Formulations of Butyl Acetate in Various Emulsifiers.

Assigned Name BPV BSM BPO BSD BDI
Chemicals (gm.) (gm.) (gm.) (gm. ) (gm. )
BAT 90.00 90.00 90.00 90.00 90.00
PVA 6.75

SMA 6.75

POLE 6.75

SDBS 19.29

DIW 203.25 203.25 203.25 190.71 210.00
TOTAL 300.00 300.00 300.00 300.00 300.00

Table 12-2  Formulations of Dibutyl Phthalate in Various Emulsifi

Assigned Name DPV DSM DPO DSD DDI
Chemicals (gm. ) (gm. ) (gm.) (gm. ) (gm. )
DBP 90.00  90.00  90.00  90.00  90.00
PVA 6.75

SMA 6.75

POLE 6.75

SDBS 19.29

DIW 20325 20825 282 19071 210.00

TOTAL 30000 30000 30000 30000 30000



Tree Diagram i Propeller Speed and Homogenizing Time Variations.

il Emulsifier Speed Time Assigned Name

2,000 rpm. 30 sec.  BPV020/030
t PVA 6,000 rpm. 90 sec.  BPV060/090
10,000 rpm. 150 sec.  BPV100/150

2,000 rpm. 30 sec.  BSM020/030
- SMA 6,000 rpm. 90 sec.  BSM060/090
10,000 rpm. 150 sec.  BSM100/150

2,000 rpm. 30 sec.  BDI020/030
|- BAT -- DIW 6,000 rpm. 90 sec.  BDI060/090
10, 000 rpm. 150 sec.  BDI100/150

2,000 rpm. 30 sec.  BP0020/030
POLE 6,000 rpm. 90 sec.  BP0060/090
10,000 rpm. 150 sec.  BP0100/150

2,000 rpm. 30 sec.  BSD020/030
L- SDBS 6,000 rpm. 90 sec.  BSDO060/090
10,000 rpm. 150 sec.  BSD100/150

2,000 rpm. 30 sec. DPV020/030
|- PVA 6,000 rpm. 90 sec.  DPV060/090
10,000 rpm. 150 sec.  DPV100/150

2,000 rpm, 30 sec.  DSM020/030
- SMA 6,000 rpm. 90 sec.  DSMO060/090
10, 000 rpm. 150 sec.  DSM100/150

2,000 rpm. 30 sec. DD1020/030
DBP -- DIW 6,000 rpm. 90 sec.  DDI1060/090
10,000 rpm. 150 sec.  DDI100/150

2,000 rpm. 30 sec.  DP0020/030
POLE 6,000 rpm. 90 sec.  DP0060/090
10,000 rpm. 150 sec.  DP0100/150

2,000 rpm. 30 sec.  DSD020/030
L- SDBS 6,000 rpm. 90 sec.  DSD060/090
10,000 rpm. 150 sec. DSD100/150
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2.6.3) Analysis Methods
2.6.3.1) Emulsion stability

100.0 ml. of the emulsion
100 ml. cylinder and a stop watch was used to measure the rate of phase
separation.  The volume of the separated emulsion was  measured
after one hour,

2.6.3.2) Average Particle Size

Dispersing liquid was prepared by dissolving
0.01 gm. of acrylamide-acrylic acid copolymer in 1000.0 gm. of
deionized water. This is a water clear and high wviscosity solution.
Dispersion liquid was firstly poured into a spectrophotometric glass
cell and the transmittance was adjusted to 100.0* at the wave-length of
400 nanometer. Subsequently the transmittances of dispersing liquid were
carried out at 450, 500, 550, 600 nanometer which were the bhlank values
of the solution. The emulsion of encapsulated oil was diluted with this
dispersing liquid until the transmittance at 400 nanometer was 65.0%
then were measured the transmittances at 450, 500, 550 and 600 nanometer
which were considered as the sample values. Calculation was performed by
using an IBM personal computer and a software of SizeCalc program
(Appendix 1) to obtain the average particle diameter of the encapsulated
oil droplets.

2.6.4) Results

The variation of propeller speeds and agitation times of
homogenizer to produce oil-in-water emulsion in which oil droplets with
a diameter between 1.0-100.0 micrometers are showed on Tables 13, 14,
15, 16, 17 and 18 as follows
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Table 13 Appearance of Butyl Acetate Droplets after 2,000 rpm. of Shear
and 30 sec. of Homogenizing Time in Various Emulsifiers.

Emulsifiers & Appearance

Assigned Name after 1 hour

PVA -BPV020/030
SMA -BSM020/030
POLE-BP0020/030
SDBS-BSD020/030
DIW -BD1020/030

no separation
60Xseparation
no separation
no separation
100 Xseparation

Appearance Average Diameter

after 3 hours (micrometers)

20% separation 95.0
|00 Xseparation 110.0
no separation 9.0
5Xseparation 2.0

|00 Xseparation cannot be measured

Table 14 Appearance of Butyl Acetate Droplets after 6,000 rpm. of Shear

and 90 sec. of Homogenizing Time in Various Emulsifiers.

Emulsifiers & Appearance

Assigned Name after 1 hour

PVA -BPV060/090
SMA -BSM060/090
POLE-BP0060/090
SDBS-BSD060/090 no separation
DIW -BD1060/090 100Xseparation

no separation
50Xseparation

no separation

Table 15 Appearance of Butyl

Shear and 150 sec. of

Emulsifiers & Appearance

Assigned Name after 1 hour

PVA -BPV100/150 not separation
SMA -BSM100/150 30Xseparation

Appearance Average Diameter

after 3 hours (micrometers)

10Xseparation 45.0
100Xseparation 80.0
no separation 3.0
no separation 0.6

100Xseparation cannot be measured

Acetate Droplets after 10,000 of

Homogenizing Time in Various Emulsifiers.

rpm.

Appearance Average Diameter

after 3 hours (micrometers)

20.0
65.0

5Xseparation
100Xseparation
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Table 15 Appearance of Butyl Acetate Droplets after 10,000 rpm. of
Shear and 150 sec. of Homogenizing Time in Various Emulsifiers.

Emulsifiers & Appearance Appearance Average Diameter

Assigned Name  after 1 hour after 3 hours (micrometers)

POLE-BP0100/150
SDBS-BSD100/150
DIW -BD1100/150

no separation 0.9
0.4

100Xseparation cannot be measured

no separation

no separation no separation

100Xseparation

Table 16 Appearance of Dibutyl Phthalate Droplets after 2,000 rpm. of

Shear and 30 sec. of Homogenizing Time in Various Emulsifiers.

Emulsifiers & Appearance Appearance Average Diameter

Assigned Name after 1 hour after 3 hours (micrometers)

PVA -DPV020/030 no separation 15Xseparation 70.0
SMA -DSM020/030 45Xseparation 100Xseparation 97.0
POLE-DP0020/030 no separation no separation 12.0
SDBS-DSD020/030 no separation 10Xseparation 6.0

DIW -DD1020/030 100Xseparation 100Xseparation cannot be measured

Table I'l Appearance of Dibutyl Phthalate Droplets after 6,000 rpm. of

Shear and 90 sec. of Homogenizing Time in Various Emulsifiers.

Emulsifiers &

Assigned Name

PVA -DPV060/090
SMA -DSM060/090
POLE-DP0060/090
SDBS-DSD060/090

Appearance
after 1 hour

no separation
30Xseparation
no separation

no separation

Appearance Average Diameter

after 3 hours (micrometers)

5Xseparation 36.0
90Xseparation 82.0
no separation 7.0
no separation 1.2
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Table 17 Appearance of Dibutyl Phthalate Droplets after 6,000 rpm. of
Shear and 90 sec. of Homogenizing Time in Various Emulsifiers.

Emulsifiers & Appearance Appearance Average Diameter
Assigned Name after 1 hour after 3 hours (micrometers)

DIW -DD1060/090 100%separation 100%separation cannot be measured

Table 18 Appearance of Dibutyl Phthalate Droplets after 10,000 rpm. of
Shear and 150 sec. of Homogenized Time in Various Emulsifiers.

Emulsifiers & Appearance Appearance Average Diameter
Assigned Name after 1 hour after 3 hours (micrometers)
PVA -DPV100/150 no separation no separation 18.0
SMA -DSM100/150 20%separation 70%separation 69.0
POLE-DP0100/150 no separation no separation 3.5
SDBS-DSD100/150 no separation no separation 0.8

DIW -DDI1100/150 100%separation 100%separation cannot be measured

2.6.5) Conclusions

1) The order of emulsion stability when using various
emulsifiers is in the following trend SDBS > POLE > PVA >> SMA
Where deionized water was used instead, the stability of emulsion could
not be evaluated due to its immediate phase separation  after

homogenizing.

2) The average particle sizes of oil droplets were in
the range of 1.0 to 100.0 micrometers which could only be produced when
the propeller speeds between 2,000 and 10,000 rpm. and homogenizing
times from 30 to 150 sec. were employed.
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3) The higher the propeller speed, the smaller the
average diameter of the particles based on the same type of chemicals.

4) The higher the propeller speed, the higher the
stability of emulsion.

2.7)  MORCENGALLATION PROCESES
2.1.1)  Purpose

To study the effect of non-emulsifier microencapsulation
system in comparison between addition emulsion to diamine solution

process and addition diamine solution to emulsion process.
2.1.2) Synthesis Method

The encapsulated microcapsules of butyl acetate and
dibutyl phthalate were synthesized by following the steps in the Flow
Charts 5 and 6. The solution of diacid chloride and diamine was prepared
by using formulations which were shown in Tables 19 and 20. Tree Diagram
2 was designed for this experiment to ease the experimental works.
Poly(hexamethylene sebacamide) and polyCpara-phenylene terephthalamide)
microcapsules were synthesized by interfacial polycondensation reaction
of sebacoyl chloride with hexamethylene diamine atl0'C  and
terephthaloyl  chloride  with  para-phenylene  diamine  at 30°C,

respectively.
2,7.2.1) Addition of Emulsion to Diamine Solution

Tables 19 and 20 showed the weights  of
chemicals forthe preparation of the stock solutions of diacid chloride
and diamine.The stock solutions were kept in a water bath to maintain
the solution temperature at 10°c for sebacoyl chloride solution and 30°c
for terephthaloyl chloride solution. 210.0 gm. of deionized water and
90.0 gm. of diacid chloride solution were transferred to a T.K.
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Homogenizer vessel to be dispersed at the propeller speed of 6,000 rpm.
for 300 sec. Concurrently, 200 gm. of diamine solution in 500 ml. beaker
was agitated separately with an Heidon laboratory stirrer. The emulsion
of diacid chloride solution was then added into the diamine solution and
agitated with the propeller speed of 400-600 rpm. for 30 min. to form
the polyamide shell at the interface and the polymer shell encapsulated
oil droplets dispersed and diffused from the emulsion layer.

Flow Chart 5 Synthesis Method for Addition of Emulsion to Diamine

Solution,
SBC or TPC BAT or DBP DIW
Dissolved and adjusted the Adjusted the_l_emperature
temperature to 10° ¢ or 30° c to 10° ¢ or 30° ¢

Emulsified at 6,000 rpm. for 300 sec.

HVDA or PNDA  NaOH DIW

I % | 1 :
Dissolved and édjusted the

temperature to 10° ¢ or 30° ¢
Dissolved and adjusted the
temperature to 10° ¢ or 30" ¢

Agitated at 400 - 600 rpm. by
an Heidon laboratory stirrer to
form a polymer shell for 30 minutes

Aqueous suspension of
polymeric microcapsules

2.7.2.21 Addition of Diamine Solution to Emulsion

Tables 19 and 20 showed the weights  of
chemicals for the preparation of the stock solutions of diacid chloride
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and diamine. The stock solutions were kept in a water bath to maintain
the solution temperature at 10°c for sebacoyl chloride solution and 30°C
for terephthaloyl chloride solution. 210.0 gm. of deionized water and
90.0 gm. of diacid chloride solution were transferred to a T.K.
Homogenizer vessel to be dispersed at the propeller speed of 6,000 rpm.
for 300 sec. Immediately, the emulsion was poured into 500 ml. beaker
and agitated with an Heidon laboratory stirrer at the propeller speeds
of 400-600 rpm., then 200 gm. of the diamine solution was continuously
added into the emulsion and further agitated for 30 min. to form the
polyamide shell at the interface and the polymer shell encapsulated the

oil droplets dispersed and diffused from the emulsion layer.

Flow Chart 6 Synthesis Method for Addition of Diamine Solution to

Emulsion.
SBC or TPC BAT or DBP DIW
Dissolved and adjusted the Adjusted the temperature
temperature to 10" ¢ or 30° ¢ to 10" ¢ or 30" ¢

Emulsify at 6,000 rpm. for 300 sec.
HVDA or PNDA  NaOH DIW

Dissolved and adjusted the
temperature to 10" ¢ or 30' ¢

Agitated at 400 - 600 rpm. by an

Heidon laboratory stirrer to

form polymer shell for 30 minutes
Aqueous suspension of
polymeric microcapsules



Tree Diagram 2 Nomenclature of Microencapsulation

Emulsifiers.
Monomer Oil Process
r BAT Emulsion/diamine
- BAT Diamine/emulsion
[- SBC + HVDA - , o
- DBP Emulsion/diamine
L- DBP Diamine/emulsion
r BAT Emulsion/diamine
- BAT Diamine/emulsion
L TPC + PNDA - . o
- DBP Emulsion/diamine
L- DBP Diamine/emulsion
Table 19
Assigned Name SB-E/D SB-D/E
Chemicals (gm. ) (gm. )
SBC 9.28 9.28
BAT 80.72 80.72
DBP
DIW 210.00 210.00
HVDA 4.50 4.50
NaOH 3.01 3.01
DIW 192.49 192.49

Speed Time

rpm.  sec.
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SD-E/D
(gm. )

9.28

80.72

210.00

4.50

3.01
192.49

Process without

Assigned Name

A - »ww»w vw
OO ww OO Ww®
Om Om om 9m
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Poly(hexamethylene sebacamide) Microcapsules Formulation.

SD-DIE
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192.49
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Table 20 PolyCpara-phenylene terephthalamide) Microcapsules

Formulation.

Assigned Name TB-E/D TB-D/E TD-E/D TD-D/E
Chemicals (gm.) (gm.) (gm.) (gm. )
TPC 6.06 6.06 6.06 6.06
BAT 83.94 83.94

DBP 83.94 83.94
DIW 210.00 210.00 210.00 210.00
PNDA 3.29 3.29 3.29 3.29
NaOH 2.37 2.37 2.37 2.37
DIW 194.34 194.34 194.34 194.34

2.1.3)  Analysis Mthod

The phenomena of each steps were visual evaluated and
compared the final products in term of uniformity and general appearance

of the microcapsules in aqueous suspension.
2.14) Results

In these synthesis processes, the effect of addition
routes on microencapsulation in the absence of emulsifier was compared,
i.e. the addition of the emulsion to the diamine solution and vice versa
are given in Tables 21 and 22 as follows
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Table 21 Poly(hexamethylene sebacamide) Microcapsules Containing Butyl
Acetate and Dibutyl Phthalate in Different Addition Routes.

Assigned Name

SB-E/D
SB-DIE
SD-E/D
SD-DI/E

Appearance after Addition

disperse to
agglomerate
disperse to

agglomerate

uniform suspension
suddenly to hecome big lumps
uniform suspension

suddenly to hecome big lumps

Table 22 PolyCpara-phenylene terephthalamide) Microcapsules Containing
Acetate and Dibutyl Phthalate in Different Addition

Butyl

Routes.

Assigned Name

TB-E/D
TB-D/E
TD-E/D
TD-D/E

2.7.5)

process gives

Appearance after Addition

disperse to
agglomerate
disperse to
agglomerate

Conclusions

uniform suspension
suddenly to hecome big lumps
uniform suspension
suddenly to hecome big lumps

The addition of the emulsion to the diamine solution

better uniformity and encapsulation efficiency of the

aqueous suspension microcapsules than that of the vice versa addition.
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2.8) EFFECTS OF MONOMERS. ENCAPSULATED MATERIALS AND EMULSIFIERS ON THE
PROPERTIES OF MICROCAPSULES

2.8.1) Purpose

1) To compare the properties of polymer shells
synthesized by different monomer-pairs. Poly(hexamethylene sebacamide)
was synthesized by sebacoyl chloride reacting with  hexamethylene
diamine; and poly(para-phenylene terephthalamide) wusing terephthaloyl
chloride reacts with para-phenylene diamine. Encapsulated oils and
emulsifiers were also varied to observe the properties of the polymer
shell.

2) To compare the encapsulation efficiency of volatile
encapsulated oil with non-volatile encapsulated oil in various polymeric
shells and types of the emulsifier,

3) To find the suitable emulsifier for different polymer
shells and encapsulated oils.

2.8.2) Synthesis Method

Microencapsulation was performed at two temperatures
depending on the stability and solubility of sebacoyl chloride and
terephthaloyl chloride. Sebacoyl chloride having high solubility in
encapsulated oil and being hydrolyzed easily in water was kept at low
temperature as shown in Flow Chart 7. Terephthaloyl chloride having less
solubility in encapsulated oil and slight hydrolysis in water was used
at room temperature as shown in Flow Chart 8. The combination of factors

of this experiment was arranged as follows in Tree Diagram 3.
2.8.2.1) Sebacoyl Chloride Process

Emulsifier, diacid chloride and diamine

solutions were prepared based on weights giving in Tables 23 and 24. The



solutions were kept in water bath to control the temperature at 10°C.
90.0 gm. of diacid chloride solution was added into a T.K. homogenizer
vessel containing 210.0 gm. of the emulsifier solution, this mixture was
then homogenized at 6,000 rpm. of propeller speed and 90 sec. of
homogenized time to form the oil-in-water emulsion. The emulsion was
added into a 500 ml. beaker containing 200.0 gm. of diamine solution and
was agitated for 30 minutes with an Heidon laboratory stirrer at 400
600 rpm. of propeller speed.

Flow Chart 7 Synthesis Method of SBC for studying Effect on
Microcapsule Properties.

SBC BAT or DBP DIW PVA, SMA, POLE or SOBS
Dissolved and adjusted Dissolved at the proper temperature
the temperature to 10° ¢ and then adjusted to 10° ¢

Emulsified by a T.K. Homogenizer
HVDA NaOH DIW at 6,000 rpm. for 90 seconds

Dissolved and adjusted

the temperature to 10° ¢

Agitated by an Heidon laboratory stirrer
at 400 - 600 rpm. for 30 minutes

Ipuls suspension of 1Z psules

Table 23 Butyl Acetate Being Encapsulated by Poly(hexamethylene
sebacamide) Microcapsules in Various Emulsifiers.

Assigned Name SBPV SBSM SBPO SBSD
Chemicals (gm. ) (gm.) (gm. ) (gm. )
SBC 9.28 9.28 9.28 9.28

BAT 80.72 80.72 80.72 80.72
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Table 23 Butyl Acetate Being Encapsulated by Poly(hexamethylene
sebacamide) Microcapsules in Various Emulsifiers.

Assigned Name SBPV SBSM SBPO SBSD
Chemicals (gm. ) (gm. ) (gm. ) (gm. )
PVA 6.75

SMA 6.75

POLE 6.75

SDBS 19.29

DIW 203.25 203.25 203.25 109.71

HVDA 4,50 4.50 4.50 4.50

NaOH 3.01 3.01 3.01 3.01

DIW 192.49 192.49 192.49 192.49

TabIe 24 Dibutyl Phthalate Being Encapsulated by Poly(hexamethylene
sebacamide) Microcapsules in Various Emulsifiers.

Assigned Name SDPV SDSM SDPO SDSD
Chemicals (gm. ) (gm.) (gm. ) (gm. )
SBC 9.28 9.28 9.28 9.28

DBP 80.72 80.72 80.72 80.72

PVA 6.75

SMA 6.75

POLE 6.75

SDBS 19.29

DIW 203.25 203.25 203.25 109.71



Table 24 Dibutyl Phthalate Being Encapsulated by Poly(hexamethylene
sehacamide) Microcapsules in Various Emulsifiers.

Assigned Name SDPV SDSM SDPO SDSD
Chemicals (gm.) (gm. ) (gm. ) (gm. )
HVDA 4.50 4.50 4.50 4.50
NaOH 3.01 3.01 3.01 3.01
DIW 192.49 192.49 192.49 192.49

2.8.2.2) Terephthalovl Chloride Process

Emulsifier,  diacid chloride and diamine
solutions were prepared by following weights giving in Tables 25 and 26.
The solutions were kept in a water bath to control the temperature at
30°c. 90.0 ogm. of diacid chloride solution was added into a T.K.
homogenizer vessel containing 210.0 gm. of emulsifier solution.  This
mixture was then homogenized at 6,000 rpm. of propeller speed and o0
sec. of homogenized time to form oil-in-water emulsion. The emulsion was
added into a 500 ml. beaker containing 200.0 gm. of diamine solution and
agitated for 30 minutes with an Heidon laboratory stirrer at 400 - 600
rom. of propeller speed.
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Flow Chart 8 Synthesis Method of TPC for studying Effect on
Microcapsule Properties.

TPC BAT or DBP DIW PVA, SMA, POLE or SDBS
“E SR A
Dissolved and adjusted Disso ved at the proper temperature

the temperaturq to }0* c and then adjusted to 30* ¢
Emulsified by T.K. Homogenizer
PNDA NaOH DIW at 6,000 rpm. for 90 seconds

Dissolved and adjusted

the temperature to 30* ¢

Agitated by an Heidon laboratory stirrer
at 400 - 600 rpm. for 30 minutes
Aqueous suspensiorl of microcapsules

Table 25 Butyl Acetate Being Encapsulated by Poly(para-phenylene
terephthalamide) Microcapsules in Various Emulsifiers.

Assigned Name TBPV TBSM TBPO TBSD
Chemicals (gm. ) (gm. ) (gm. ) (gm. )
TPC 6.06 6.06 6.06 6.06

BAT 83.94 83.94 83.94 83.94

PVA 6.75

SMA 6.75

POLE 6.75

SDBS 19.29

DIW 203.25 203.25 203.25 109.71

PNDA 3.29 3.29 3.29 3.29

NaOH 2.37 2.37 2.37 2.37

55



Table 25 Buty

Assigned Name
Chemicals

DIW

Table 26 Dibutyl Phthalate Being Encapsulated

Acetate Being Encapsulated by Poly(para-phenylene
terephthalamide) Microcapsules in Various Emulsifiers.

TBPV
(gm. )

194.34

TBSM

(gm. )

194.34

TBPO
(gm. )

194.34

TBSD
(gm.)

194.34

by Poly(para-phenylene

terephthalamide) Microcapsules in Various Emulsifiers.

Assigned Name
Chemicals

TPC
DBP

PVA
SMA
POLE
SDBS
DIW

PNDA
NaOH
DIW

TDPV
(gm. )

6.06
83.94

6.75

203.25

3.29
2.37
194.34

TDSM
(gm. )

6.06
83.94

6.75

203.25

3.29
2.37
194.34

TDPO
(gm. )

6.06
83.94

6.75

203.25

3.29

2.37
194.34

TDSD
(gm.)

6.06
83.94

19.29
109.71

3.29
2.37
194.34
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Tree Diagram 3 Different Polymers, Oils, Monomers and Emulsifiers

Combination.
Monomer Oil Emulsifier ~ Speed  Time Assigned Name
rpm.  sec
- PVA 6,000 90 SBPV
SMA 6,000 90 SBSM
— BAT-
POLE 6,000 90 SBPO
SDBS 6,000 90 SBSD
— SBC + HVDA-
PVA 6,000 90 SDPV
SMA 6,000 90 SDSM
— DBP-
POLE 6,000 90 SDPO
SDBS 6,000 90 SDSD
PVA 6,000 90 TBPV
SMA 6,000 90 TBSM
— BAT-
POLE 6,000 90 TBPO
SDBS 6,000 90 TBSD
— TPC + PNDA
— PVA 6,000 90 TDPV
- SMA 6,000 90 TDSM
— DBP-
POLE 6,000 90 TDPO
SDBS 6,000 90 TDSD

2.8.3) Analysis Method
2.8.3.1) Optical Microscopy

One drop of aqueous microcapsules was placed
on a glass slide then one drop of water was added to dilute the
microcapsules and gently spread into a thin layer. The proper
magnification was selected to observe the physical properties of
microcapsules such as diameter and distribution of the polymeric
microcapsules etc. and then optical micrographs were taken with a Zeiss
optical microscope hefore and after the water was evaporated.

2.8.3,2) Scanning Electron Microscopy

The aqueous microcapsules were diluted about
ten times with deionized water. One drop of dilute aqueous microcapsules
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was then placed on a glass slide and gently spread into a thin layer.
The aqueous microcapsules layer was dried at room temperature for one
day then the dried layer was coated with gold. The microcapsule layer
was examined and the electron micrographs were taken with a Joel

scanning electron microscope at proper magnifications.
2.8.3.3) Gas Chromatography

50.0 gm. of chloroform was a

ml. separatory funnel containing 100.0 gm. of aqueous microcapsules. The
mixture was subsequently shaken and kept on a stand to render the
separation of the emulsion. The lower layer, aqueous microcapsules, was
drained out and the upper layer, containing extracted chloroform, was
filtered by a filter paper. 1.0 microliter of the extracted chloroform
was injected in to a gas chromatograph which was installed with a PEG
20M coated capillary column and the temperature was set at 300°‘C for
split injector, column oven of 250*c, 300°C for the FID detector. The
concentration of unencapsulated oil was calculated by the external
standard method via the standard dibutyl phthalate solution.

2.8.3.4) Particle Size Analyzer

The instrument was set at centrifuge mode and
1,500 rpm. of rotational speed was also selected. Deionized water was
poured into the first glass cell until the water front reached the upper
mark of the cell. The transmittance of this blank solution was then
adjusted to 0.0%T. The transmittance of the second glass cell containing
the aqueous microcapsules was adjusted to 100.0%l by diluting with
deionized water. Before starting, the parameters for calculation 1.05
for particle density, 1.00 for liquid density, 1.00 for liquid viscosity
and 0.00 for the distance path were entered. The analytical result was
printed out in percentage cumulative size distribution given in forms of
tables and histograms. Furthermore, all results were recalculated by an
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IBM personal computer with the Lotus 123 release 2.01 and the Microsoft
Chart version 3.0 software.

2.8.3.5) stability of the Suspension or Emulsion

100.0 ml. of an aqueous su:
of the microcapsules was added into a 100 ml. cylinder and was kept for
24 hours to measure the volume of microcapsules sedimented to the bottom
of the cylinder.

2.8.3.6) General Properties

Uniformity, color, separation, sedimentation
and etc. were observed by eye evaluation.

2.8.4) Results
2.8.4.1) Genera Appearance

The general appearances of poly(hexamethylene
sebacamide) and poly(para-phenylene terephthalamide) microcapsules are
reported in Tables 27, 28, 29 and 30 as follows

Table 27 Butyl Acetate being Encapsulated by Poly(hexamethylene
sehacamide) Microcapsules in Various Emulsifiers,

Name Emulsifier  Appearance

SBPV PVA large oily layer on the surface
SBSM SMA coagulum during emulsification
SBPO POLE coagulum during polymerization

SBSD SDBS large oily layer on tne surface



Table 28 Dibutyl Phthalate Being Encapsulated by Poly(hexamethylene
sebacamide) Microcapsules in Various Emulsifiers.

Name Emulsifier Appearance K
SDPV PVA uniform suspension

SDSM SMA coagulum during emulsification

SDPO POLE coagulum during polymerization

SDSD SDBS little oily layer on the surface

Table 29 Butyl Acetate Being Encapsulated by PolyCpara-phenylene
terephthalamide) Microcapsules in Various Emulsifiers.

Name Emulsifier Appearance

TBPV PVA large oily layer on the surface
TBSM SMA coagulum during emulsification
TBPO POLE coagulum during polymerization
TBSD SDBS large oily layer on the surface

Table 30 Dibutyl Phthalate Being Encapsulated by Poly(para-phenylene
terephthalamide) Microcapsules in Various Emulsifiers.

Name Emulsifier — Appearance

TDPV PVA uniform suspension

TDSM SMA coagulum during emulsification
TDPO POLE coagulum during polymerization

TDSD SDBS little oily layer on the surface
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2.8.4.2) Microscopic Properties

Photomicrograph series 1 showed that
microcapsules could not be synthesized in any case, whereas these of
series 2 showed that microcapsules could not be synthesized when using
SMA, POLE and SDBS as emulsifier but only PVA as emulsifier could. The
result was confirmed by % unencapsulated oil analyzed by gas
chromatograph as shown in Tables 35 and 36. The same trends were
observed by photomicrograph series 3 and 4 and Tables 37 and 38,

2.8.4.3) Particle Size Distribution

All~ average particle sizes and particle size
distributions, of the sample synthesized by using butyl acetate as
encapsulated oil and ~ styrene maleic anhydride copolymer,
poly(oxyethylene lauryl ether) and sodium dodecyl benzene sulfonate as
emulsifier cannot be measured. Only the samples synthesized by using
dibutyl phthalate as encapsulated oil and poly(vinyl alcohol) as
emulsifier  can form microcapsules. The particle size and size
distribution for SDPV and TDPV, dibutyl phthalate being encapsulated by
poly(hexamethylene sebacamide) and poly(para-phenylene terephthalamide)
microcapsules wusing poly(vinyl alcohol) as emulsifier, are showed in
Tables 31, 32, 33, and 34. Graph series 1 and 2 depict the particle size
and particle size distribution of the microcapsules presented in Tables
31 - 32.

2.8.4.4) Microencapsulation Efficiency

Tables 35 36, 37, and 38 show the percentage
of wunencapsulated oil of all the samples synthesized by wusing butyl
acetate as encapsulated oil and styrene maleic anhydride copolymer,
poly(oxyethylene luaryl ether), and sodium dodecyl benzene sulfonate as
emulsifier, and the percentage of unencapsulated oil was greater than



SBPV SBSM
Poly(vinyl alcohol) Styrene maleic anhydride (Na)

Poly(oxyethylene luaryl ether) Sodium dodecyl benzene sulfonate

Photomicrograph series 1

Butyl  acetate  Dbeing encapsulated by poly(hexamethylene
sebacamide) microcapsules in various emulsifiers. Zeiss optical
microscope, 100 times magnification and 2.5 times print

enlargement.
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SDPV ‘ | SDSM

SDPO
Poly(oxyethylene luaryl ether) Sodium dodecyl benzene sulfonate

Photomicrograph series 2

Dibutyl  phthalate Dbeing encapsulated by poly(hexamethylene
sebacamide) microcapsules in various emulsifiers. Zeiss optical
microscope, 100 times magnification and 2.5 times  print
enlargement.
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TBPV TBSM
Poly(vinyl alcohol) Styrene maleic anhydride (Na)

“®

-.‘?e'c"
L 9 < JRY TR s

B2t e Sall Ml el
TBSD
Poly(oxyethylene luaryl ether) Sodium dodecyl benzene sulfonate

Photomicrograph series 3

Butyl acetate  being encapsulated by poly(para-phenylene
terephthalamide) microcapsules in various emulsifiers. Zeiss
optical microscope, 100 times magnification and 2.5 times print

enlargement.
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TDPV TDSM
Poly(vinyl alcohol)

Poly(oxyethylene luaryl ether) Sodium dodecyl benzene sulfonate

Photomicrograph series 4

Dibutyl phthalate being encapsulated by poly(para-phenylene
terephthalamide) microcapsules in various emulsifiers. Zeiss
optical microscope, 100 times magnification and 2.5 times print
enlargement,



Table 31 Particle Size Distribution of SDPV.

Dibutyl  phthalate

sebacamide)
emulsifier,

being encapsulated

by  poly(hexamethylene

microcapsules using  poly(vinyl

6,000 rpm.

of propeller

homogenized time; assigned name  SDPV

Diameter (pm) Average

(Micrometer)

70.00
60.00
50.00
40.00
30.00
20.00
10.00
8.00
6.00
5.00
4.00
3.00
0.00

Diameter
x
65.00
55.00
45.00
35.00
25.00
15.00
9.00
7.00
5.50
4.50
3.50
1.50

Percentage
Cumulative

0.0
5.9
5.9
14.8
21.3
38.6
70.6
17.6
85 7
89.7
93.8
97.2
100.0

speed and

Percentage
Difference

0.00
5.90
0.00
8.90
6.50
17.30
32.00
7.00
8.10
4.00
4.10
3.40
2.80

alcohol) as
90 sec. of

Diameter

Coefficient

0.00
383.50
0.00
400.50
227.50
432.50
480.00
63.00
56.70
22.00
18.45
11.90
4.20

Average Particle Size ((pm) 21.00
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Graph series 1 Histogram of Particle Size Distribution of SDPV.

(The graphs were made from the data from Table 31)

Particle size distribution of SDPV of which dibutyl phthalate is
encapsulated by poly(hexamethylene sebacamide) microcapsules using
poly(vinyl alcohol) as emulsifier.



Table 32 Particle Size Distribution of TDPV.

Dibutyl phthalate being encapsulated by poly(para-phenylene
terephthalamide) microcapsules wusing poly(vinyl alcohol) as
emulsifier, 6,000 rpm. of propeller speed and 90 sec. of
homogenized time; assigned name  TDPV

Diameter (pm) Average Percentage Percentage  Diameter
(Micrometer) Diameter  Cumulative Difference  Coefficient

70.00 * 0.0 0.00 0.00
60.00 65.00 1.8 1.80 117.00
50.00 55.00 9.0 7.20 396.00
40.00 45.00 15.1 6.10 274.50
30.00 35.00 28.0 12.90 451.50
20.00 25.00 49.9 21.90 547.50
10.00 15.00 7.9 28.00 420.00
8.00 9.00 83.6 5.70 51.30
6.00 7.00 89.5 5.90 41.30
5.00 5.50 92.5 3.00 16.50
4.00 4.50 95.3 2.80 12.60
3.00 3.50 97.9 2.60 9.10
0.00 1.50 100.0 2.10 3.15

Average Particle Size ((pm) 23.40
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Graph series 2 Histogram of Particle Size Distribution of TDPV.

(The graphs were made from the data from Table 32)

Particle size distribution of TDPV of which dibutyl phthalate s
encapsulated by poly(para-phenylene terephthalamide) microcapsules using
poly(vinyl alcohol) as emulsifier.



Table 33 Summanized Particle Size Distribution of PV
Summmarized particle size distribution from Table 3

Diameter Range (om) % Fraction

59
0.0
8.9
6.5
173
320
204

E388583
L A
BES885383

V 1

Table 34 Suvmenized Particle Size Distribution of TOPV.
Summerized particle size distribution from Table 32

Diameter Range (im) X Fraction

<@ 18
0- 9 1.2
-4 6.1
Q-3 129
-2 219
0-10 280
0> 221



11

8% Only the samples, IPV and TCPV, which were synthesized Lty using
dibutyl phthalate as encapsulated oil ad poly(vinyl alcohol) as
emulsifier hed lesser percentage of unencapsulated oil.

Table 3 Butyl Acetate Being Encapsulated by  Poly(hexamethylene
sebacamide) Microcapsules in Various Emulsifiers.

Nt Emulsifier % Unencapsulated Butyl Acetate
¥  PA 80.05
3 97.49
F0 HE %.26
B IB 86.87

Table 3 Dibutyl Phthalate Being Encapsulated by PolyChexamethylene
sebacamide) Microcapsules in Various Emulsifiers.

Nme  Emulsifier X Unencapsulated Dibutyl Phthalate

I  PA 197
M A 98.56
JO HRE 247
IH IB 87.65

Table 37 Butyl Acetate Being Encapsulated by Poly(para-phenylene
terephthalamide) Microcapsules in Various Emulsifiers.

Nme  Emulsifier  %6Unencapsulated Butyl Acetate
B PA 86.45
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Table 3 Butyl Acetate Being Encapsulated Ly Poly(para-phenylene
terephthalamide) Microcapsules in Various Emulsifiers.

Nt Emulsifier 9% Unencapsulated Butyl Acetate

BV A 94.74
BHO HIE 91.34
BD I8 89.76

Table 3 Dibutyl Phthalate Being Encapsulated fy PolyCpara-phenylene
terephthalamice) Microcapsules in Various Emulsifiers.

Nme  Emulsifier - % Unencapsulated Dibutyl Phthalate
™ PA 203
™ WA 97.89
™0 RIE 9135
™ I8 88.43

2.8.5)  Conclusions

1) Butyl acetate cannot ke used as encapsulated oil in
ay cases because its vapor pressure is too high.

2) Styrene maleic anhydrice copolymer cannot be  used
as emulsifier because its emulsifying efficiency during emulsification
IS 00 low.

J PolyCoxyethylene  luaryl ether) cannot [e
emulsifier because its emulsifying efficiency during polymerization is
not. enough.
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4)  Sodium dodecyl benzene sulfonate cannot be used as
emulsifier because it iInterferes with the shell formation during
Interfacial polycondensation.

5) Microcapsules can e synthesized by using dibutyl
phthalate as encapsulated oil and poly(vinyl alcohol) as emulsifier.
Sebacoyl - chloride and hexamethylene diamine or terephthaloyl  chloride
ad para-phenylene diamine can also be used as monomer pairs to
synthesize  poly(hexamethylene sebacamice) and  poly(para-phenylene
terephthalamicie) microcapsule shells.

2.9) HECT 0F RALR FHD AD HMIENANG TIVE

291) Purose

To find the effect of propeller speed ad homogenizing
time during emulsification on the properties of microcapsules under the
following conditions -

1) Tre microcapsules were synthesized by using sebacoyl
chloride ad hexamethylene diamine, and terephthaloyl chloride and para-
phenylene  diaming, as mononer pair; with dibutyl  phthalate  as
encapsulated oil and poly(vinyl alcohol) as emulsifier.

2) Tre concentration of diacid chlorides in dibutyl
phthalate wes 3.0 gm./27.0 gm for sebacoyl chloride ad 2.0 gm./28.0
gm for terephthaloyl chloride and poly(vinyl alcohol) wes 7.5% of the
total oil phase.

3) Tre ol to water phase ratio in emulsification s
30:70 and emulsion to diamine solution in interfacial  polycondensation
wes 60:40 weight by weight.

4) Microencapsulation wes carried out with the sane



4

procedure in the previous experiment. The temperature wes controlled at
10°C for sebacoyl chlorice system and 30°c of terephthaloyl chloride
system.

) Tre propeller speed wes varied from 2,000 to
m and homogenizing time from 3) to 150 seconds.

2.9.2) Synthesis Method

Tre stock solutions of diacid chloride, emulsifier and
diamine were prepared and kept in a water bath to control temperature at
10°c for sebacoyl chloride and 30°c for terephthaloyl chloride. 2100
gm of the emulsifier solution and 90.0 gn of the diacid chloride
solution were poured into a TK homogenizer vessel. The mixture wes
then homogenized at the propeller speeds and homogenized times  which
were arranged s shown in the Tree Diagram 4 to form an oil-in-water
emulsion. The emulsion wes poured into a 500 ml. beaker containing 200.0
gm of diamine solution while being stirred with an Heidon  laboratory
stirrer at the propeller speed 400-600 rpm Microencapsulation —occurred
though the interfacial polyconcensation at the interface of the diacid
chloride solution with droplets of oil and the diamine solution which
have emulsifier solution as stabilizer.

2.9.2.1) Sebacoyl Chloride System

6.75 gm of poly(vinyl alcohol) wes dissolved
In 20325 gm of deionized water at the temperature of socc for 60
minutes then this emulsifier solution wes cooled coan to 10'c ad kept
In the water bath to control the temperature. The diacid chloride
solution which contained 9.28 ¢m of sebacoyl chloride dissolved n
80.72 gn of dibutyl phthalate, wes prepared at room temperature and
kept in the water bath to control the temperature at 10‘c. The dliamine
solution consisting of 4.50 gn of hexamethylene diamine ad 3.01 of
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sodium  hydroxicde which were adoed into a 500 ml. beaker containing
19249 gm of deionized water, wes prepared at room temperature and then
adjusted the temperature to 10'C. The diamine solution wes then stirred
with an Heidon laboratory stirrer at 400 - 600 mom of propeller speed
to ke mxed with the emulsion portion. This emulsion wes prepared by
homogenizing the mixture of the diacid chloride and emulsifier solutions
at the propeller speeds and homogenized time which were indicated in
Tree  Diagram 4. This emulsion portion wes subsequently poured into  the
diamine - solution and wes continuously agitated for 3) minutes to form
poly(hexamethylene  sebacamicke) ~ microcapsules  containing  dibutyl
phthalate as encapsulated material.

How Chart 9 Synthesis Method of SBC for studying Effect of Propeller
Speeds and Homogenizing Times,
2§ [P oW PA

Dissolved ard adjusted Dissblved at the properTtemperature
the temperaturg to 10° ¢ and then adjustd to 10° ¢
Emulsified with a TK homogenizer
A NMH  OW  at 6,000 mpm for 90 seconds

Dissolveed and adjusted

the temperature to 10' ¢

Agitated with an Heidon [aboratory stirrer
at 400 - 600 rom for ) minutes

7 . suspension of ZcaplLs

2.9.2.2) Terephthalovl Chloride System

6.75 gm of poly(vinyl alcohol) wes dissolved
in 20325 gn of deionized water at the temperature of 80‘c for @)
minutes then this emulsifier solution wes cooled coan to 30°c and  kept
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in a water bath to control the temperature. To prepare the diacid
chloride solution, 6.06 gm of terephthaloyl chloride wes dissolved in
83.94 gm of dibutyl phthalate, this wes prepared at room temperature
and kept in a water bath to control the temperature at 30°c. Tre diamine
solution containing 329 gm of para-phenylene diamine and 237 of
soclium hydroxice were adoed into a 500 ml. beaker containing 19434 gm
of delonized water. The solutions were prepared at room temperature and
vere then adjusted to 30'C. The diamine solution wes stirred with an
Heidon laboratory stirrer at 400 - 600 mm of the propeller speed. The
emulsion wes prepared by homogenizing the mixture of the diacid chloride
and the emulsifier solutions at the propeller speed and homogenized time
which  were shown in Tree Diagram 4. This emulsion portion was poured
Into the diamine solution and wes continuously agitated for 3 minutes
to form poly(para-phenylene terephthalamide) microcapsules — containing
dibutyl phthalate as encapsulated material.

How Chart 10 Synthesis Method of TRC for studying Effect of Propeller

Speeds and Homogenizing Times,
TC [P oW DBP.
s B = =T
Dissolved and adjusted Dissolved at the proper temperature

the temperature to 30' ¢ and then adjusted to 30" ¢
Emulsified with a TKhomogenizer
MA  NH  OW  at 6,000 mpm for 90 seconds

Dissolved and adjusted

the temperature to 30' ¢

Agitated with an Heidon [aboratory stirrer
at 400 - 600 rm for 3 minutes

Agueous suspension of microcapsules
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Table 3 Formulation of 3P and TP Series.

Dibutyl phthalate wes encapsulated by polyamice shell hbased on
the following formulations in which the effects of propeller
speed and homogenizing time were studied.

Assigned Nne -~ P Series TCP Series
Chemicals (pi.) (pi. )
20 9.28
T 6.06
[P 80.72 83.94
PA 6.75 6.75
oW 203.25 20325
H\DA 450
DA 329
NCH 301 237
oW 192.49 194.34

Tree Diagram 4 Combination of the Propeller Speed and Homogenizing Tine
on Microcapsule Formation for 3P and TCP Series.

Tree Diagram 41  Propeller Speed and Homogenization  Tine - Combination

for  PolyChexamethylene  sebacamice) ~ Microcapsule
Formation.
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Tree Digram 4-1 Propeller Speed and Homogenization  Tie - Combination
for  Poly(hexamethylene  sebacamide) ~ Microcapsule

Formation.
Mbnomer Ol Emulsifier Speed  Time Assigned None
rpm. SeC.

— PR
— [ PA-— 2,000—_% R
i D i)

__ ]
— [ PA - 4,000 — % % [

— 'b

. SPPA
BC+HM R PA-— 6,000{% TR
— SOPURITS

_ o
— [ PA- 8,000—_% -344 i
— SOPUR 50
3?"”" NN

— [ PA— 10,000{% EB u

— Vil
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Tree Diagram 4-2  Propeller Speed and Homogenization  Tine - Combination
for Poly(para-phenylene terephthalamide) Microcapsule

Formation.
Monomer Ol Emulsifier Speed  Tine Assigned Name
m  Sec

— TR
— [ PA-—— 2000 — % il
— VAU LU
— TR
— [ PA - 4,000-5% DO/
— S
T+ AA—- [ PA-— 6,000 -E% i
- T q’:auy.bu
. TR,
- [Bl— P\A """" 8,000 ': % - .j )iH

~ /]

1] 1

— [ PA----- 10,000 — ‘§ .

2.9.3) Analysis Mthod

General appearance was observed by Visual eval
volume of separation after sedimentation for 24 hours was measure
100 ml. cylinder; microscopic properties were examined ty Zeiss optical
microscope and  Joel scanning electron microscope; particle size and
particle size distribution were messured by Shimadzu particle size
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analyzer; and microencapsulation efficiency wes analyzed by Shimedzu gas
chromatograph.  The  detail of each method wes explained in the
previous experiment.

2.9.4) Results
2.9.4.1) Cereral Properties

Tre appearance and amount of microcapsule
sedimentation after keep for 24 hours were shown in Tables 40 and 4L
Increasing propeller speed and homogenizing time decrease the amount  of
sediments but increasing propeller speed have more effective than
homogenized time.

Table 40 Sedimentation and Appearance of SDP020/030-SDPL100/150.
Dibutyl  Phthalate Being Encapsulated by  Poly(hexamethylene
sebacamicke) Microcapsules Using Poly(vinyl alcohol), Emulsifier,
1.5% of the Total Ol Phase.

Nre iﬁje"rnezn;art:(?unrs Appearance by Visual Evaluation
SOP000  9m.  milky white suspension, not uniform
SOP0060  Bml. milky white suspension, not uniform
SOPO2000 4 m.  milky white suspension, not uniform
SOPOI0  2ml. milky white suspension, not uniform
SOP0I0 U ml milky white suspension, not uniform

SOPOA000  B3ml. milky white suspension, not uniform
SOPOA00E0  2ml. milky white suspension, not uniform
SOPOAO00  10m. milky white suspension, not uniform
SOPMMO20  8ml.  milky white suspension, not uniform
SOPAOIS0  7ml milky white sSuspension, not uniform



Table 40 Sedimentation and Appearance of SDP020/030-SDP100/150.
Dibutyl ~ Phthalate Being Encapsulated fy  Poly(hexamethylene
sebacamice) Microcapsules Using Poly(vinyl alcohol), Emulsifier,
3% of the Total Ol Phase.

Sedimentation
here after 24 hours

SOPOGO00  9ml.  milky white Suspension and uniform
SPGB0 7ml.  milky white suspension and uniform
DRG0 7ml.  milky white Suspension and uniform
SOPRN0)  6ml milky white suspension and uniform
DRGS0 Sml.  milky white Suspension and uniform

" Appearance by Visual Evaluation

SOPOBN0X0  4ml.  milky white emulsion and uniform
SOPOBO0G0  2ml.  milky white emulsion and uniform
SOPOBN00  Iml  milky white emulsion and uniform
SOPORYID  Im.  milky white emulsion and uniform
SOPOBYIS0  Oml. milky white emulsion and uniform

IP00030 Oml. milky white emulsion and uniform
SOP100060  Oml.  milky white emulsion and uniform
SOPI000  Oml.  milky white emulsion and uniform
DP0XI0  Oml. milky white emulsion and uniform
SOPIOIS0  Oml. milky white emulsion and uniform



Table 41 Sedimentation and Appearance of TDPO20/030- TDP100/150.
Dibutyl Phthalate Being Encapsulated by  Poly(para-phenylene
terephthalamide) ~ Microcapsules  Using  Poly(vinyl  alcohol),
Emulsifier, 7.5* of the Total Oil Phase.

Sedimentation
after 24 hours

TOPO000 2 m.  cark broan suspension, not uniform
TOPO0060  9ml. dark broan suspension, not uniform
TOPO000 1B ml. dark brown suspension, not uniform
TOP0120  Bml.  dark broan suspension, not uniform
TOP010 M4 ml.  cark broan suspension, not uniform

e Appearance by Visual Evaluation

TOPOA000  Bml.  dark broan suspension, not uniform
TOPOA000 13 ml, dark broan suspension, not uniform
TOPOAO00 U ml  cark broan suspension, not uniform
TOPOAOI20  8ml. dark brown suspension, not uniform
TOPOAOI50  7ml.dark broan suspension, not uniform

TOPOGO00 ~ 7m. dark brown suspension and uniform
TOPOBO0BD  6ml. cark broan suspension and uniform
TDPOGO090 5ml. dark brown emulsion and uniform
TDPOR/L0 5ml. dark brown emulsion and uniform
TOPOGUI0 4 ml. dark broan emulsion and uniform

TOPRIOD  sml.  milky broan emulsion and uniform
TOPORNOB0 ~ 4ml.  milky broan emulsion and uniform
TOPOBO00  4ml.  milky broan emulsion and uniform
TOPOBU120  aml.  milky bronn emulsion and uniform
TOPOBUIS0  2ml. milky bronn emulsion and uniform
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Table 41 Sedimentation and Appearance of TDPO20/030- TDP100/150.
Dibutyl Phthalate Being Encapsulated by  Poly(para-phenylene
terephthalamide) ~ Microcapsules  Using  Poly(vinyl  alcohol),
Emulsifier, 75% of the Total Oil Phase.

Sedimentation
Nene after 24 hours

TOPI00030  2m. milky broan emulsion and uniform
TOPI0000  Iml milky broan emulsion and uniform
TOPI0000  Oml.  milky broan emulsion and uniform
TOPOXI20  Oml.  milky broan emulsion and uniform
TP Oml milky broan emulsion andl uniform

Appearance by Visual Evaluation

2.9.4.2) Microscopic Properties

1) Photomicrograph series 5-9  show that
poly(hexamethylene  sebacamice) microcapsules which contain  dibutyl
phthalate as encapsulated material can be synthesized ty using
poly(vinyl alcohol) as emulsifier. \Wenthe speed of propeller is
Increased the average particle size decreases and when the  homogenizing
time is increased the particle size distribution is muh nore even.

2) Photomicrograph series 10 - 14 show that
poly(para-phenylene terephthalamice) microcapsules which contain dibutyl
phthalate & encapsulated material can be synthesized Ly using
polyfvinyl alcohol) as emulsifier. \Wenthe speed of propeller is
Increased the average particle size decreases and when the  homogenizing
time is increased the particle size distribution IS muh more even.
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SDPUZIU

2,000 rpm, 90 sec.
Photomicrograph series 5 Photomicrographs of - SDPO20/030-SDP020/150.
PolyChexamethylene sebacamice) as polymeric microcapsule shell; — dibutyl
phthalate s encapsulated material; polyQinvl alcohol) as emulsifier;
the propeller speed fixed at 2,000 rom and vary the homogenizing  times
from 3 to 150 sec. Photomicrographs taken with Zeiss optical
microscope, magnification 100 times and the print wes magnified ty 25
times.
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SUPUANUL
4000 rpm, 3 sec. 4000 rpm, 120 sec.

SLPUAUURU
4,000 rpm, 60 sec. 4,000 rpm1 150 sec.

4000 rpm1 9D sec.

Photomicrograph series 6 Photomicrographs of SDPOAQ/030-SDPO40/150.
Poly(hexamethylene sebacamide) as polymeric microcapsule shell;  dibutyl
phthalate as encapsulated material; poly(vinyl alcohol) as emulsifier;
the propeller speed fixed at 4,000 om and vary the homogenizing  times
fom 3 to 150 sec. Photomicrographs taken with Zeiss optical
microscope, magnification 100 times and the print wes magnified by 2.5
times.
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" .
B
6,000 rpm1 60 sec. 6,000 rpm, 150 sec.

g PO ST |

. ’ s
-
i 4

6,000 rpm.1 9 sec.

Photomicrograph series | Photomicrographs of SDP0G0/030-SDP060/150.

Poly(hexamethylene sebacamice) as polymeric microcapsule shell;  dibutyl
phthalate as encapsulated material; poly(vinyl alcohol) as emulsifier;
the propeller speed fixed at 6,000 nm and vary the homogenizing times
fom 3 to 150 sec. Photomicrographs taken with Zeiss  ODtical
microscope, magnification 100 times and the print wes magnifies by 25

times.
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SDPUBI IS0
6,000 rpm, 150 sec.

8,000 rpm, 90 sec.

Photomicrograph series 8 Photomicrographs of SDPOS0/030-SDPOS0/1S0.
Poly(hexamethylene sebacamide) as polymeric microcaosule shell;  dibutyl
phthalate as encapsulated material; poly(vinyl alcohol) as emulsifier;
the propeller speed fixed at 8,000 mm and vary the homogenizing  times
fom X to 150 sec. Photomicrographs taken with Zeiss optical
microscope, magnification 100 times and the print wes magnified by 2.5
times.
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PIUTIS
10,000 rpm, 6 sec. 10,000 rpm, 150 sec.

10,000 om, D sec.

Photomicrograph series 9 Photomicrographs of SDP100/030-SDP100/150.

Poly(hexamethylene sebacamice) as polymeric microcapsule shell;  dibutyl
phtnalate as encapsulated material; poly(vinyl alcohol) as emulsifier;
the propeller speed fixed at 10,000 mm and vary the homogenizing times
fom 3 to .50 sec. Photomicrographs taken with Zeiss optical
microscope, magnification 100 times and the print wes magnified by 25

times.
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e®c

VA I
2,000 mtn, 3 sec. 2,000 rpm, 120 sec.

DA
2,000 rpm, 150 sec.

2,000 rpm, 9 sec.

Photomicrograph series 10 Photomicrographs of TDPO20/030- TDPO20/150.
Poly(para-phenylene  terephtnalamice) as polymeric  microcapsule  shell;
dibutyl phthalate as encapsulated material; polyCvinyl alcohol) as
emulsifier; the propeller speed fixed at 2000 mm ad vary the
homogenizing times from 3 to 150 sec. Photomicrographs taken with Zeiss
optical microscope, magnification 100 times and the print wes magnified
by 25 times,
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[ DPUAUU3)
4000 rpm, 30 sec.

f, DA
v T
VAR
i A T
|
TOPOA0I060
4000 rpm., 60 Sec. 4000 rpm, 150 sec.

4000 rpm, 90 sec.

Photomicrograph series 11 Photomicrographs of TDPOAQ/030- TDPOA/L50.
Poly(para-phenylene  terephthalamide) as polymeric  microcapsule  shell;
dibutvl phthalate as encapsulated material; poly(vinyl alcohol) as
emulsifier; the propeller speed fixed at 4000 mm ad vary the
homogenizing times from 3) to 150 sec. Photomicrographs taken with Zeiss
optical microscope, magnification 100 times and the print wes magnified
by 25 times,



6,000 rpm, 9 sec.

Photomicrograph series 12 Photomicrographs of TDPOG0/030- TDPOGU/1X0.
Poly(para-phenylene - terephthalamide) as polymeric  microcapsule  shell;
dibuty] phthalate as encapsulated material; poly(vinyl alcohol) as
emulsifier; the propeller speed fixed at 6,000 mm ac vary the
homogenizing times from ) to 150 sec. Photomicrographs take" \ith Zeiss
optical microscope, magnification 100 times and the print wes magnified
by 25 times.
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|
|

| DUV
8,000 rpm, 30 sec. 8,000 rpm, 120 sec.

DRI
8,000 rpm, 60 sec. 8,000 rpm, 150 sec.

8,000 rom, 90 sec.

Photomicrograph series 13 Photomicrographs of TDPOSN/03(0- TDPOBY/15X.
PolyCpara-phenylene  terephthalamice) as polymeric  microcapsule  shell;
dibutyl phthalate as encapsulated material; polyCvinyl alcohol) s
emulsifier; the propeller speed fixed at 8000 mm ad vary the
homogenizing times from 3 t¢ 150 sec. Photomicrographs taken with Zeiss
optical microscope, magnificacion 100 times and the print wes magnified
by 25 times.
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0 PO
10,000 rpm, 3 sec. 10,000 rpm, 120 sec.

10,000 rpm, 60 sec. 10,000 rpm, 150 sec.

10,000 rpm1 9 sec.

Photomicrograph series 14 Photomicrographs of TDPI00/030)-TDP100/150.
PolyCpara-phenylene  terephthalamide) as polymeric  microcapsule  shell;
Abutyl phthalate as encapsulated material; polyfvinyl alcohol) as
emulsifier; tne propeller speed fixed at 10000 nm ad vary the
homogenizing times from 3 to 150 sec. Photomicrograpns taken with: Zeiss
optical microscope, magnification 100 times and the print wes magnified
by 25 times.
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2.9.4.3) Particle Size Distribution

All of the particle size distribution data are
presented  In the sae style of Tables 3L - 34 which are illustrated in
the previous section. For additional data, all of the tables of this
section are snown in Appendix 11,

1) Particle size distribution ad average
particle size of poly(nexamethylene sebacamide) microcapsules are  shown
in Appendix [11, Tables 6 - 73, and the snmary and comparison of these
tables are shown in Tables 74 - 78. Tre data of each table are presented
by graph. The graph which depicts the effect of propeller speeds is
presented in graph series 3-8 and the effect of homogenizing times s
presented by graph series 9- 14

2) Particle size distribution anwd average
particle size of poly(para-phenylene terephthalamide) microcapsules are
soan inApendix 111, Tables 7 - 83, and the summary and  comparison
these tables are in Tables 8 - 8. Tre data from each table are
presented fy graph. The graph which depicts the effect of propeller
speeds are shown in graph series 15 - 20 and the effect of homogenized
times are presented In grapn series 2 - 26,

2.9.4.4) Average Particle Size ad Encapsulation
Efficiency

Tre results of all average particle size ad
encapsulation efficiency are shown in Tables 42 ad 43 as follows
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Graph sérias 3 Histogram of Partiel» 81z» Distribution of SDP020/030-3DP100/030.

(The graphs were made from the data from Tables 89-1 - 69-5)

Effect of the propeller speeds from 2,000 to 10,000 rpm. at the homogenizing time 30 sec. on particle Bize distribution of
dibutyl phthalate being encapsulated by poly(hexamethylens sebacamide) microcapsules using poly(vinyl alcohol) as emulsifier.
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Graph sérias 4 Histogram of Particle Size Distribution of 3DP0Z0/060-3DP100/060.

(The graphs were made from the data from Tables 70-1 - 70-5)

Effect of the propeller speeds from 2.000 to 10,000 rpm. at the homogenizing time 60 sec. on particle size distribution of
dibutyl phthalate being encapsulated by poly(hexamethylene sebacamide) microcapsules using poly(vinyl alcohol) as emulsifier,
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Graph series 5 Histogram of Particle Size Distribution of SDP020/090-3DP100/090.

(The graphs were made from the data from Tables 71-1 - 71-5)

Effect of the propeller speeds from 2,000 to 10,000 rpm at the homogenizing time 90 sec. on particle size distribution of
dibutyl phthalate being encapsulated by poly(hexamethylene sebacamide) microcapsules using poly(vinyl alcohol) as emulsifier.
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Graph aeries 6 Histogram of Particle Size Distribution 0f 3DP020/120-SDP100/120.
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(The graphs were made from the data from Tables 72-1 - 72-5)

Effect of the propeller speeds from 2,000 to 10,000 rpm. at the homogenizing time 120 sec. on particle size distribution of
dibutyl phthalate being encapsulated by poly(hexamethylene sebacamide) microcapsules using poly(vinyl alcohol) as emulsifier.
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Graph series 7 Histogram of Particle Size Distribution of 8DP020/150-3DP100/150.

(The graphs were made from the data from Tables 73-1 - 73-5)

Effect of the propeller speeds from 2.000 to 10,000 rpm. at the homogenizing time 150 sec. on particle size distribution of
dibutyl phthalate being encapsulated Dy poly(hexamethylene sebacamide) microcapsules using poly(vinyl alcohol) as emulsifier.
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Graph series 8 Summary of the Graph series 3 - 7 on Effect of Propeller Speed.

(The graphs were made from the data from Tables 69 - 73)

Effect of the propeller speeds from 2,000 to 10,000 rpm. at the homogenizing times from
30 to 150 sec. on the particle size distribution of dibutyl phthalate being encapsulated

by poly(hexaraethylene sebacamide) microcapsules using poly(vinyl alcohol) as emulsifier.
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Effect of the homogenizing times from 30 to 150 sec. at the propeller speed 2,000 rpm. on particle size distribution of dibutyl
phthalate being encapsulated by poly(hexamethylene sebacamide) microcapsules using poly(vinyl alcohol) as emulsifier.
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Graph aerieB 10 Histogram of Particle Size Distribution of 3DP040/030-8DP040/150.

(The graphs were made from the data from Tables 69-2 - 73-2)

Effect of the homogenizing times from 30 to 150 sec. at the propeller speed 4,000 rpm.  particle size distribution of dibutyl
phthalate being encapsulated by poly(hexamethylene sebacamide) microcapsules using poly(vinyl alcohol) as emulsifier.
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(The graphs were made from the data from Tables 89-3 - 73-3)

Effect of the homogenizing times from 30 to 150 sec. at the propeller speed ,000 rpm. on particle size distribution of dibutyl
phthalate being encapsulated by poly(hexamethylene sebacamlde) microcapsules 1 9 poly(vinyl alcohol) as emulsifier.
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Graph series 12 Histogram of Particle Size Distribution of 30P080/030-SDP080/150.

(The graphs were made from the data Tables 69-4 - 73-4)

Effect of the homogenizing times from 30 to 150 sec. at the propeller speed 8,000 rpm. on particTe size distribution of dibutyl
phthalate being encapsulated by poly(hexamethylene sebacamide) microcapsules using poly(vinyl alcohol) as emulsifier.
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Graph series 13 Histogram of Particle size Distribution of SDP100/030-SDP100/150.

(The graphs were made from the data from Tables 69-5 - 73-5)

Effect of the homogenizing times from 30 to 150 sec. at the propeller speed 10,000 rpm. on particle size distribution of
dibutyl phthalate being encapsulated by poly(hexamethylene sebacawide) microcapsules using poly(vinyl alcohol) as emulsifier.
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Graph series 14 Summary of the Graph series 9 - 13 on Effect of Homogenizing Time.

(The graphs were made from the data from Tables 69 - 73)

Effect of the homogenizing times from 30 to 150 sec. at the propeller speeds from 2,000 to
10,000 rpm. on the particle size distribution of dibutyl phthalate being encapsulated by
poly(hexamethylene sebacamide) microcapsules using poly(vinyl alcohol) as emulsifier.
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(The graphs were made from the data from Tables 79-1 - 79-5)
Effect of the propeller speeds from 2,000 to 10,000 rpm. at the homogenizing time 30 sec. on the particle size distribution of

dibutyl

phthalate being encapsulated by poly(para-phenylene terephthalamide) microcapsules using poly(vinyl
emulsifier.
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Graph aeries 16 Histogram of Particle Size Distribution of TDP020/060-TDP100/060.
(The graphs were made from the data from Tables 80-1 - 80-5)

Effect of the propeller speeds from 2,000 to 10,000 rpm. at the homogenizing time 60 sec. on the particle size distribution of
dibutyl phthalate being encapsulated by poly(para-phenylene terephthalamide) microcapsules using poly(vinyl alcohol) as

emulsifier
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Graph 90TTOB V7 Histogram of Particle Size Distribution of TDP020/090-TDP100/090.
(The graphs were made from the data from Tables 81-1 - 81-5)
Effect of the propeller speeds from 2,000 to 10,000 rpm. at the homogenizing time 90 sec. on the particle size distribution of

dibutyl phthalate being encapsulated by poly(para-phenylone terephthalamide) microcapsules using poly(vinyl alcohol) as
emulsifier.
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Graph series 18
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Histogram of Particle 3ize Dis
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tribution of TDP020/120-TDPL00/120,
82-1 - 82-5)

Effect of the propeller speedB from 2,000 to 10,000 rpm. at the homogenizing time 120 sec. on the particle size distribution of

dibutyl
emulsifier.

phthalate being encapsulated by poly(para-phenylene terephthalamide) microcapsules using poly(vinyl

alcohol) as
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Graph series 29 Histogram of Particle Size Distribution of TDP020/150-TDP100/150.
(The graphs were made from the data from Tables B3-1 - 83-5)

Effect of the propeller speeds from 2,000 to 10,000 rpm. at the homogenizing time 150 sec. on the particle size distribution of

dibutyl

emuls

ifier.
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phthalate being encapsulated by poly(para-phenylene terephthalamide) microcapsules using poly(vinyl alcohol) as
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Effect of the propeller speeds from 2,000 to 10,000 rp«. at the homogenizing times from 30
to 150 sec. on the particle size distribution of dibutyl phthalate being encapsulated by

polytpara-phenylene
emulsifier.

terephthalamide)

microcapsules using

poly(vinyl  alcohol)

as
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Graph series 21 Histogram of Particle Size Distribution of TDP020/030-TDP020/150.
(The graphs were made from the data from Tables 79-1 - 83-1)
Effect of the homogenizing times from 30 to 150 sec. at the propeller speed 2,000 rpm. on the particle size distribution of

dibutyi phthaiate being encapsulated by poly(para-phenylene terephthalamide) microcapsules using poly(vinyl alcohol) as
emulsifier.
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Graph series 22 HIBtogram of Particle 31ze Distribution of TDP040/030-TDP040/150.
(The graphs were made from the data from Tables 79-2 - 83-2)

Effect of the homogenizing times from 30 to 150 sec. at the propeller speed 4,000 rpm. on the particle size distribution of
dibutyl phthalate being encapsulated by poly(para-phenylene terephthalamide) microcapsules using poly(vinyl alcohol) as

emu! 1fier.
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Effect of the homogenizing times from 30 to 150 sec. at the propeller speed 6,000 rpm. on the particle size distribution of
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emulsifier.

! TDP060,/030) p ITDP060,/060] J [TDP060/090]

%807 %.007 %.087

3,89 .80 .001

5.8 .89 5.0

2.0 2.091 2.001

15,081 15.08¢ 5.8}

18,091 16,601 .01

5.8 5,884 5,88

" VAHIHVUY 09438 'neasawaazswssA54saB'wmmwwdbzdlbk)bbttdu

6 30
%30 §

20 A

20

f<ll) —_
m —~

0 ¥ =N

DNODDBDDE65 430
Difia ¥

phthalate being encapsulated by poly(para-phenylene terephthalamide) microcapBules U3ing poly(vinyl alcohol) as
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Graph sériés 24 Histogram of Partiel* Size Distribution of TDP080/030-TDP080/150.
(The graphs were made from the data from Tables 79-4 - 83-4)
Effect of the homogenizing timeB from 30 to 150 sec. at the propeller speed 8,000 rpm. on the particle size distribution of

dibutyl phthalate being encapsulated by poly(para-phonyTen® terephthalamide) microcapsules using poly(vinyi alcohol) as
emulsifier.
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Graph series 25 Histogram of Particle Size Distribution of TDP100/030-TDP100/150.

(The graphs were made from the data from Tables 79-5 - 83-5)

Effect of the homogenizing times from 30 to 150 sec. at the propeller speed 10,000 rpm. on the particle size distribution of

dibutyl phthalate being encapsulated by poly(para-phenylene terephthalamide) microcapsules using poly(vinyl alcohol) as

emulsifier.
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Graph series 26 Summary of the Graph series 21 - 25 on Effect of Homogenizing Time.

(The graphs were made from the data from Tables series 79 - 83)

Effect of the homogenizing time from 30 to 150 sec. at the propeller speeds from 2,000 to
10,000 rpm. on the particle size distribution of dibutyl phthalate being encapsulated by
poly(para-phenylene  terephthalamide)  microcapsules using  poly(vinyl alcohol) as
emulsifier.



Table £ Average Diameter and %6Unencapsulated Oil of IP Series.
Average Particle Size ad Microencapsulation Efficiency — of
Poly(hexamethylene sebacamice) Microcapsules in Various Propeller
Speeds and Homogenizing Times Using Poly(vinyl alcohol), 75% of
the Total Ol Phase, as Emulsifier.

Average Diameter of  %eUnencapsulated

e Microcapsules (om) Dibutyl Phthalate
SDPO20/030 4329 0.64
SDPO20/060 40.71 498
SDPO20/0%0 39.46 5.23
SDPO2Y/120 4.2 5.50
SDPO2)/150 39.82 4.74
SDPO0/030 33.02 3.79
SDPO40/060 2897 421
SDPO40/0%0 2111 342
SDPOAVL20 2180 331
SDPOAVLS0 26.96 350
SDPOGHI030 22.16 2.3
SDPOGNI060 21.29 197
SDPOGNI00 21,00 1.34
SDPOGY/120 19.22 109
SDPOGY/150 18.76 122
SDPONI030 19.36 1.56
SDP030/060 17.23 192
SDP03N/0%0 1681 147

SDPOBI/1) 16.76 179



Table 22 Average Diameter and * Unencapsulated Ol of P Series.
Average Particle Size ad Microencapsulation Efficiency  of
Poly(hexamethylene sebacamice) Microcapsules in Various Propeller
Speeds and Homogenizing Times Using Poly(vinyl alcohol), 7.5* of
the Total Qil Phase, as Emulsifier.

Average Diameter of ~ * Unencapsulated

e Microcapsules (pm) Dibutyl Phthalate
SDPOBU/150 16.89 1.64
SP100/030 16.68 105
SCP100/060 15.68 187
SCP100/090 14.49 153
SDP100/120 1483 1.2
SDP100/150 15.3 109

Table 43 Average Diameter and * Unencapsulated Oil of TCP Series.
Average Particle Size ad Microencapsulation Efficiency of
PolyCpara-phenylene  terephthalamice) Microcapsules in - Various
Propeller  Speeds ad Homogenizing Times — Using ~ Poly(vinyl
alcohol), 7.5* of the Total Oil Phase, as Emulsifier.

N Average Diameter of — * Unencapsulated
Microcapsules (om) Dibutyl Phthalate

TOPO20030 4351 1.54
TOPO20060 41.39 6.77
TDPO20090 4301 1.21
TOPO/10 4098 6.9

TOPO20/150 211 5.4



Table 43 Average Diameter and %Unencapsulated Oil of TOP Series.
Average Particle Size ad Microencapsulation  Efficiency  of
PolyCpara-phenylene - terephthalamide) Microcapsules in Various
Propeller  Speeds and Homogenizing Times  Using — Poly(vinyl
alcohol), 75% of the Total Oil Phase, as Emulsifier.

Average Diameter of — %aUnencapsulated

e Microcapsules (m) Dibutyl Phthalate
TDOPOA01030 3390 597
TDPOAO060 3381 511
TDPOA00 32.13 482
TOPMUI20 30.75 5.3l
TOPOA1S0 3187 450
TDPOGO030 21.54 332
TDPOGO/0G0 26.40 397
TDPOGO00 2340 2.94
TDPOGV120 21.24 3.09
TDPOGU/150 22.96 212
TDOPORN030 24.31 2.56
TDPOBN060 23,04 292
TOPOBN0%0 23.95 247
TOPOBY120 2042 199
TDPOR150 19.14 1.64
TOPL00030 20.08 2.05
TOP100/060 2044 197
TOP1000%0 19.06 2.13
TOPI00/120 1887 1.68

TOP100/150 1957 129
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2.9.5)  Cone USions
1) The Effect of Propeller Speed

Based on the results presented by graph series 3 -
8 ad 15- 2 shoned that the propeller speeds of the homogenizer are
very influentail on the particle size distribution and average particle
size of polyamice microcapsules. Increasing the propeller speeds
decrease the average particle size and proouce a broad distribution i
diameter of the microcapsules.

22 Ihe Effect of Homogenizing Time

Based on the results presented by graph series 9 -
Y ad 2 - 2 shoaed that the homogenized times  cannot  affect the
average particle size of polyamice microcapsules but has a very strong
effect on the particle size distribution. Fom the Microphotograph
series 5-9 ad 10- 14, showthat Increasing the homogenizing times
produces a narrow particle distribution of the microcapsules.

2.10) BHECT GF BVULSAER GNENRATICN

2.10.1)  Purpose

To stuay the effect of emulsifier concentrations on
microscopic  properties, particle size ad size distribution and
microencapsulation efficiency when monomer concentration,  propeller
speed and homogenizing time are fixed. Emulsifier concentrations vary
from 25 to 125% of the total oil phase.

2.10.2) Synthesis Method

Tre stock solutions of diacid chloride, diamine and
emulsifier, all of which were of various concentrations Were prepared
ad kept in the water bath to control the temperature at 10. for
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sebacoyl chloride and 30°c for terephthaloyl chloride. 2100 gn of
emulsifier and 90.0 gm of diacid chloride solutions were poured into a
TK homogenizer vessel. Tre mixture wes then homogenized at the
propeller speeds and homogenizing times arranged as shoan i the  Tree
Diagram 5 to form an oil-in-water emulsion. The emulsion wes poured into
a 500 ml. beaker containing 200.0 gm of diamine solution while stirring
with an Heidon laboratory stirrer at the propeller speed of 400 - 600
mm Microencapsulation occurred by interfacial polycondensation at the
Interface of the diacid chloride solution droplets ad the diamine
solution which red the emulsifier solution as stabilizer.

2.10.2.1) Sebacoyl Chloride System

To prepare the formulation SDPOE, 6.75 gm
of poly(vinyl alcohol) wes dissolved in 203.25 gm of deionized water at
the temperature of 80°Cfor 60 minutes then this emulsifier solution PA
wes cooled cown to 10'Cand kept ina water bath to control the
temperature.  For the diacid chloride solution, 9.28 gm of sebacoyl
chloride wes dissolved in 80.72 gm of dibutyl phthalate. This wes
carried out at roomtemperature and were kept in the -water bath to
control the temperature at 10"C Likewise, for the diamine solution,
450 gn of hexamethylene diamine and 301 of sodium hydroxide were
added into a 500 ml. beaker containing 19249 gm of deionized water,
both  of which were prepared at room temperature and then adjusted the
temperature to  10C The dliamine solution wes stirred with an Heioon
laboratory stirrer at 400 - 600 mm of propeller speeds. The emulsion
wes prepared fy homogenizing the mixture of diacid chloride ad
emulsifier solutions at the propeller speeds ad homogenizing times
which were arranged as shoan in the Tree Diagram 5. This emulsion  wes
then poured into the diamine solution and wes continuously agitated for
20 minutes to form pol, (hexamethylene  sebacamide)  microcapsules
containing dibutyl phthalate as encapsulated material.
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How Chart 11 Synthesis Method of SBC for studying Effect of Emulsifier
Concentration.

B iy oW PA

Bissolked andTadjusted Dissdived at The proper temperature
the temperature to 10c.  and then adjusted to 10°.

i " Emulsified by a TK homogenizer
A NH OW  at 6,000 nm for 9 seconds

Dissolved and adjusted

the temperature to 10° .

Agitated by an Heidon laboratory stirrer
at 400 - 600 rm for 30 minutes
Acueous suspensiori of microcapsules

2.10.2.2) Terephthalovl Chloride System

To synthesize the formulation TORUBE,  6.75
gm of poly(vinyl alcohol) wes dissolved in 20325 gm of deionized
water at the temperature of 80.. for 60 minutes then this emulsifier
solution wes cooled doan to 30°c and kept in a water bath to control the
temperature. For the diacid chloride solution, 6.06 gm of terephthaloyl
chloride wes dissolved in 83.94 gm of dibutyl phthalate which wes
prepared at room temperature and kept in water bath to control the
temperature at 30°C Similarly, the diamine solution, 329 gm of para-
phenylene diamine and 2.37 of sodium hydroxide were added into a 500 m.
beaker containing 19%4.34 gm of deionized water. They were prepared at
room temperature and then adjusted the temperature to 30°c. The  diamine
solution wes then stirred with an Heidon [aboratory stirrer at 400 - 60
m of propeller speeds. The emulsion wes prepared by homogenizing  the
mixture of diacid chloride and emulsifier solutions at the propeller
speeds  and homogenizing times which were arranged as shoan in the  Tree
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Diagram 5. This emulsion wes poured into the diamine solution and wes
continuously agitated for 30 minutes to fom  poly(para-phenylene
terephthalamide) -~ microcapsules  containing  dibutyl  phthalate  as
encapsulated material.

How Chart 12 Synthesis Method of TRC for studying Effect of Emulsifier
Concentration.
T [P oW PA

Dissotved and"adjusted Dissolved at -the -propef temperature
the temperature to 30°.  and then adjusted to I0° .

== Emu|sified by a TK homogenizer
MA  NH OW  at 6000 mpm for 9 seconds

Dissolved and adjusted

the temperature to 3 -

Agitated by an Heidon laboratory stirrer
at 400 - 600 rpm for 3) minutes
Aueous suspensio! of microcapsules

Table 44 Effect of Emulsifier Concentrations on Encapsulating of
Dibutyl ~ Phthalate by Poly(hexamethylene  sebacamicle)

Microcapsules.
Assigned Nare  SRISE IRHE SRURE IPIE IPIE
Chermicals n) @) @m) ) @)

0 928 928 928 928 928
80.72 8072 8072 8072 80.72

[P
PA 220 450 675 900 1L
oW 0775 20550 20325 20100 19875
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Table 44 Effect of Emulsifier Concentrations on Encapsulating of
Dibutyl  Phthalate by  Poly(hexamethylene  sebacamick)
Microcapsules.

Asigned Nne~ SORSE. TRBE TROBE. SPINE. STPLSE
Chemicals Gn) @) @) @) @)

HMA 450 430 430 450  4X0
NH 300 300 300 300 301
oW 19249 19249 19249 19249 19249

Table 45 Effect of Emulsifier Concentrations on Encapsulating of
Dibutyl Phthalate by PolyCpara-phenylene terephthalamice)
Microcapsules.

Assigned N TCRISE TORWE  TOROAE TOPIXE  TOPLAE
Chemicals m) @m) @m) @m) (@)

606 606 606 606 6.6
8394 8394 8394 839 839

225 40 675 900 1125
0175 2050 282 2010 1987

39 329 329 329 39
231 231 231 231 23T
19434 1934 1U3A 1934 19434

=68 =2 §3
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Tree Diagram 5 Effect of Emulsifier Concentrations on Microencapsulation.
Mononer, encapsulated oil, propeller speed and homogenizing  time
Wiere constant.

Mooy O Speed Time PAcone. Assigned Nane

m  Sec.

e ==
—wm—m’z%ﬁ;%;é%

2.10.3) Analysis Methoos

General  appearance wes observed by visual - evaluation,
volue of separation of the system after sedimentation for 24 hours s
measured in a 100 ml. cylinder; microscopic properties were examined by
a Zeiss optical microscope adl a Joel scanning electron  microscope;
average particle size and particle size distribution were measured by a
Shimeczu  particle size analyzer and the  microencapsulation - efficiency
wes analyzed hy a Shimaczu gas chromatograph. The detail of each method
wes already explained in the earlier experiments.

2.104) Results
2.10.4.1) General Properties

Te appearance ad the amut of
microcapsule  sedimentation were shoaed in Tables 46 an 47,  Increasing
the amount of poly(vinyl alcohol) produces a nore stable emulsion
microcapsules.
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Table 46 Separation and Appearance of SDPOZSE-SDPI2E

Effect of Emulsifier Concentrations on Microencapsulation of
Dibutyl  Phthalate within the Poly(hexamethylene  sebacamide)
Microcapsules.

Separation
at 24 hours

SR5E ml. milky white emulsion ad uniform
SRHE 3ml. milky white emulsion and uniform
SR0AE Iml.  milky white emulsion and uniform
SPIE Oml.  milky white emulsion and uniform
SPI5E Oml. milky white emulsion and uniform

Assigned Nne Appearance by Visual Evaluation

Table 47 Separation and Appearance of TDRISETDPIZE

Effect of Emulsifier Concentrations on Microencapsulation of
Dibutyl Phthalate within the PolyCpara-phenylene terephthalamide)
Microcapsules.

Assigned Nane gtep%{aﬁ'(?unrs Appearance by Visual Evaluation
TCRE 8 ml milky broan emulsion and uniform
TCRECE 5ml milky broan emulsion and uniform
TCRIAE 2, milky broan emulsion and uniform
TOPIE 0ml milky broan emulsion and uniform
TOPLAE 0 m. milky broan emulsion and uniform

2.10.4,2) Microscopic Properties

Photomicrograph  series 15 snows the  effect
of poly(vinyl alcohol) concentrations. Increasing the amount of
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emulsifier produces the smaller size of poly(hexamethylene - sebacamide)
microcapsules.  In the sare maer, the effect of emulsifier

concentrations on poly(para-phenylene terephthalamide) microcapsules as
shoned in Photomicrograph series 16,

2.10.4.3) Particle Size Distribution

1) Gaon series 27 shoas that increasing
the avount of poly(vinyl alcohol) shifts the histogram of particle size
distribution of poly(nexamethylene sebacamide) microcapsules to the
smaller size. In the same manner, Gigoh series 28 shows the distribution
of poly(para-phenylene terephthalamide) microcapsules.

2)  Fom Appenaix 11, Tables 89 - 90 show
that increasing the amourt of poly(vinyl alcohol) shifts the particle
size distribution and average particle size of poly(hexamethylene
sebacamice) microcapsules to the smaller size. Likewise, Tables % - @
show the results of poly(para-phenylene terephthalamicie) microcapsules.

2.10.4.4) Averce Particle Size and Encapsulation
Efficiency

The concentration of poly(vinyl alcohol) hes
a Very strong effect on the average particle size of microcapsules and
microencapsulation  efficiency. A showed in Tables 48 ad 49
Increasing the amount of poly(vinyl alcohol) decreases the average size
of the microcapsules but increases the microencapsulation efficiency.
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SDPOBSE

PVA 2.5 % VA 10.0 %
r" .‘ ‘o .," ) ) B
b . _";‘ .

s 74 ao®d ° J2 . aws
SDP050E SDP125E
PVA 5.0 % PVA 12,5 %

. ' e

<’ .'..'.3:.;{': ;
SDPO75E
PVA 7.5 %

Photomicrograph series 15 Photomicrographs of SDP025E-SDP125E.

Pol y(hexametnylene sebacamide) as polymeric shell; dibutyl phtnalate as
encapsulated material: the propeller speed and homogenizing time fixed
at  6.000 rpm. and 90 sec. ana various concentrations of polyi vinyl
alcohol), as emulsifier, were used. The pnotomicrographs were taken by
tne Zeiss optical microscope with a magnification of 100 times from
which tne prints were enlarged 2.5 times.
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RAS5.0 % PA 125 %

Photomicrograph series 16 photomicrographs of TDPO25E-TDP125E.
Poly(para-phenylene  terephthalamide) as polymeric  shell;  dibutyl
phtnalate as encapsulated material; the propeller speed and homogenizing
time fixed at 6,000 rpm. and 90 sec. and various concentrations of
poly(vinv) alcohol), as emulsifier, were used. The photomicrographs were
taken by the Zeiss optical microscope with a magnification of 100 times
from which the prints were enlarged 2.5 times.
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Graph series 27 Histogram of Particle size Distribution of SDPOS0E-SDP125E.
(The graphs were made from the data from Tables 89-1 - 89-5)
Effect of poly(vinyl alcohol) concentrations from 2.5, 5.0, 7.5, 10.0 and 12.5 * of the total oil phase on the particle size

distribution for dibutyl phthalate being encapsulated by poly(hexamethylene sebacamide) microcapsules. Fixing the propeller
speed at 6,000 rpm and homogenizing time for 90 sec.
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Graph series 28 Histogram of Particle Size Distribution of TDPOS0E-TDP125E.
(The graphs were made from the data from Tables 91-1 - 915)
Effect of poty(vinyl alcohol) concentrations from 2.5, 5.0, 7.5, 10.0 and 12.5 Xof the total oil phase on the particle size

distribution for dibutyl Phthalate being encapsulated by poly(para-phenylene terephthalamide) microcapsules. Fixing the
propeller speed at 0,000 rpm. and homogenizing time for 90 sec.
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Table 48 Average Diameter and % Unencapsulated Oil of SDP025E-SDP125E.
Effect of Emulsifier Concentration on Microencapsulation of
Dibutyl Phthalate by  Poly(hexamethylene sebacamide)
Microcapsules.

Assigned rame Average Diameter ([im) » Unencapsulated
of Microcapsules Dibutyl Phthalate
SDPO25E 33.97 3.56
SDPO50E 27.33 2.06
SDPO75E 22.82 1.47
SDP100E 19.18 1.09
SDP125E 18.53 0.64

Table 49 Average Diameter and %Unencapsulated Oil of TDP025E-TDP125E,
Effect of Emulsifier Concentration on Microencapsulation of

Dibutyl ~ Phthalate by Poly(para-phenylene terephthalamide)
Microcapsules.

: Average Diameter (pm) w Unencapsulated
Assigned name . :

of Microcapsules Dibutyl Phthalate
TDP025E 33.81 4,56
TDPOS0E 3111 3.92
TDPOT5E 30.20 2.71
TDP100E 28.92 1.89
TDP125E 22.16 0.97

2.10.5) Conclusions

Increasing the amount of polyi‘vinyl alcohol) decreases
the average particle size, produces a more stable emulsion and increases
the microencapsulation efficiency.
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2.11) EFFECT OF MONOVER CONCENTRATION
2.11.1) Purpose

To study the effect of diacid chloride concentrations
on microscopic properties, average particle size, particle size
distribution and microencapsulation efficiency of the microcapsules when
propeller speed, homogenizing time and emulsifier concentration are
fixed. Sebacoyl chloride concentrations were varied from the ratios of
1:29, 2:28, 3:27, 4:26, and 5:25 (gm./gm.) of sebacoyl chloride to
dibutyl phthalate. Likewise the ratios of 1.0:29.0, 1.5:28.5, 2.0:28.0,
2.5:27.5, and 3.0:27.0 of terephthaloyl chloride to dibutyl phthalate
were made.

2.11.2)  Synthesis Method

The stock solutions of diacid chloride, emulsifier and
diamine were prepared and were kept in a water bath at the temperature
of 10°c for the sebacoyl chloride solution and at 30° for the
terephthaloyl chloride solution. 210.0 gm of the emulsifier solution
and 90.0 gm of the diacid chloride solution were pourerd into the TK.
homogenizer vessel. The mixture was homogenized at the propeller speed
and homogenizing time, show as follows in the Tree Diagram 6, to form
oil-in-water emulsion. The emulsion was then poured into a 500 ml.
beaker containing 200.0 gm of the diamine solution while being stirred
by an Heidon laboratory stirrer at 400 - 600 rpm. of the propeller
speed. Microencapsulation was formed by interfacial polycondensation at
the interfacial droplets of the diacid chloride and diamine solutions
having the emulsifier solution as stabilizer.

2.11.2.1) Sebacoyl Chloride Process

Formulation SDP030/270 was synthesized as
follows : 6.75 gm of poly(vinyl alcohol) was dissolved in 203.25 gm of
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deionized water at the temperature of 80“C for60 minutes then this
emulsifier solution was cooled down to 10°C andwas kept in water bath
to control the temperature. To prepare the diacid chloride solution,
9.28 gm of sebacoyl chloride was dissolved in80.72 gm of dibutyl
phthalate at room temperature and were kept inwater bath to control
temperature at 10°C. For diamine solution, 4.50 gm of hexamethylene
diamine and 3.01 of sodium hydroxide were added into a 500 ml. beaker
containing 192.49 gm of deionized water at room temperature and then
adjusted the temperature to 10°C. The diamine solution was then stirred
with an Heidon laboratory stirrer at 400 - 600 rpm. of the propeller
speed. The emulsion was prepared by homogenizing the mixture of the
diacid chloride and emulsifier solutions at the propeller speed and
homogenizing time arranged as follows in the Tree Diagram 6. This
emulsion was poured into the diamine solution and was continuously
agitated for 30 minutes to form poly(hexamethylene  sebacamide)
microcapsules in which dibutyl phthalate was encapsulated. The other
formulations as follows in Table 50 were prepared in the same method.

Flow Chart 13 Synthesis Method of SBC for studying Effect of Monomer
Concentration.
SBC DBP DIW PVA

bissolved and adjusted Dissdlvéd at The proper! témperature
the temperature to 10° ¢ and then adjusted to 10° ¢

! - IEqmisified by a TK. homogenizer
HVDA NaCH DIW at 6,000 rpm for 90 seconds

Dissolved and adjusted

the temperature to 10 ¢

Agitated by an HEidon ldboTatory stirrer
at 400 - 600 rpm for 30 minutes
Aqueous suspension of microcapsules



137

2.11.2.2) Terephthaloy Chloride Process

Formulation  TDP020/280, was synthesized as
follows  6.75 gm of poly(vinyl alcohol) was dissolved in 203.25 gm of
deionized water at the temperature of 80°C for 60 minutes then this
emulsifier solution was cooled down to 30°c and was kept in water bath
to control the temperature. To prepare the diacid chloride solution,
6.06 gm of terephthaloy! chloride was dissolved in 83.94 gm of dibutyl
phthalate at room temperature and were kept in water bath to control
temperature at 30-c. For diamine solution, 3.29 gm of para-phenylene
diamine and 2.37 of sodium hydroxide were added into a 500 ml. beaker
containing 194.34 gm of deionized water at room temperature and then
adjusted the temperature to 30°c. The diamine solution was then stirred
with an Heidon laboratory stirrer at 400 - 600 rpm of the propeller
speed. The emulsion was prepared by homogenizing the mixture of the
diacid chloride and emulsifier solutions at the propeller speed and
homogenizing time arranged as follows in the Tree Diagram 6. This
emulsion was poured into the diamine solution and was continuously
agitated for 30 minutes to form poly(para-phenylene terephthalamide)
microcapsules in which dibutyl phthalate was encapsulated. The other
formulations as follows in the Table 51 were prepared in the same
method.

Flow Chart 14 Synthesis Method of TPC for studying Effect of Monomer
Concentration.

TPC DBP DIW PVA

Dissolved and adjusted Disso ved at the proper temperature
the temperature to 30c ¢ and then adjusted to 30 ¢



Flow Chart 14 Synthesis Method of TPC for studying Effect of Monomer

Concentration.

TPC DBP DIW PVA
T._ "|". . IIT T
Dissolved and adjusted Dissolved at the proper temperature

the temperaturg to 30° ¢ and then adjusted to 30° c

PNDA NaOH

Emulsified by a T.K. homogenizer
DIW at 6,000 rpm for 90 seconds

Dissolved and adjusted

the temperature to 30 °c

Agitated by an Heidon laboratory stirrer
at 400 - 600 rpm for 30 minutes
Aqueous suspension of microcapsules

Tree Diagram 6

Monomer

Diacid  Chloride ~ Concentrations When  Fixing
Encapsulated  Oil, Emulsifier, Propeller Speed
Homogenizing Time Constant.

Oil ~ Speed Time PVA  SBC/DBP Assjgned Name

o] B

TPC/DBP

i

——————

6,000 - 90 - 7.5

—
—_—_————

6,000 - 90 - 7.5

—_———

the
and



Table 50 Formulation of SDP010/290-SDP050/250.

Dibutyl Phthalate Encapsulated by Poly(hexamethylene sebacamide)
Microcapsules Formulated with Various Concentrations of Sebacoyl
Chloride,

Assigned Name SDPO SDP SDP207% SDP 40 SDP2055
Chemicals 91(3 gg 9 g

SBC 3.09 6.19 9.28 1237 1547
DBP 86.91 83.81 80.72 17.63 7453
PVA 6.75 6.75 6.75 6.75 6.75
DIwW 203.25  203.25  203.25  203.25 203.25
HVDA 1.50 3.00 4.50 6.00 1.50
NoCH 1.00 2.01 3.01 4.01 5.02
DIW 19750 19499 19249  189.99  187.48

Table 51 Formulation of TDP010/290-TDP030/270.

Dibutyl ~ Phthalate ~ Encapsulated by  PolyCpara-phenylene
terephthalamide) ~ Microcapsules  Formulated  with ~ Various
Concentrations of Terephthaloyl Chloride.

Assigned Neme  TDP glZg TDPO15/  TDP &3 TDPZQ]%S TDPQ30/
Chemicals (gm8) 9

TPC 3.03 4.55 6.06 1.56 9.09
D8P 86.97 85.45 83.94 82.44 80.91
PVA 6.75 6.75 6.75 6.75 6.75

DIwW 203.25  203.25 20325 20325  203.25
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Table 51 Formulation of TDP010/290-TDP030/270.

Dibutyl ~ Phthalate  Encapsulated by  Poly(para-phenylene
terephthalamide) ~ Microcapsules  Formulated  with  Various
Concentrations of Terephthaloyl Chloride.

Assigned Name TDPO&QOI TDPO15/ TDP082g TDPQ%S TDP

Chemicals (gm. (gm8)

PNDA 1.64 2.47 3.29 4.10 4.94
NoCH 1.18 1.78 2.31 2.95 3.55
DIW 197.18 19575 19434 192,95 19151

2.11.3) Analysis Methods

General appearances of the microcapsules were observed
by visual evaluation, the volume of separation assessed as sedimentation
after Dbeing kept for 24 hours was measured in a 100 ml. cylinder.
Microscopic properties were examined by a Zeiss optical microscope and a
Joel scanning electron microscope; average particle size and particle
size distribution were measured by a Shimadzu particle si-ze analyzer and
the microencapsulation efficiency was analyzed by a Shimadzu gas
chromatograph. The detail of each methods was explained in the previous
experiments.

2.11.4) Results
2.11.4.1) General Properties

The amount of sediment and appearances of
the microcapsules were showed in Tables 52 and 53.



Table 52 Separation and Appearance of SDP010/290-SDP050/250.
Dibutyl Phthalate Encapsulated by Poly(hexamethylene sebacamide)
Microcapsules with Various Concentrations of Sebacoyl Chloride.

Assigned Name

SDP010/290
SDP020/280
SDP030/270
SDP040/260
SDP050/250

Separation

after 24 hours

2 ml,
3 ml.
5 ml.
6 ml.
6 ml.

Appearances by Visual Evaluation

milky white emulsion and uniform
milky white emulsion and uniform
milky white emulsion and uniform
milky white emulsion and uniform
milky white emulsion and uniform

Table 53 Separation and Appearance of TDP010/290-TDP030/270.

Dibutyl

terephthalamide)
Terephthaloyl Chloride.

Phthalate

Encapsulated by  Poly(para-phenylene

Microcapsules with Various Concentrations of

: Separation _ _
Assigned Name after 24 hours Appearances by Visual Evaluation
TDP010/290 3 ml. milky brown emulsion and uniform
TDP015/285 3 ml. milky brown emulsion and uniform
TDP020/280 5 ml. milky brown emulsion and uniform
TDP025/275 6 ml. milky brown emulsion and uniform
TDP030/270 7 ml. milky brown emulsion and uniform

2.11.4.2) Microscopic Properties
Photomicrograph series 17 show that
changes, neither increase nor and decrease in the amount of
Chloride do not affect the average diameter and size distribution

141
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poly(hexamethylene  sebacamide) microcapsules. But changes in  the
concentration had a very strong influence in the shape of the
microcapsules.  When sebacoyl chloride was used at the low
concentrations, the surface of polyamide shell was soft and thin due to
the heat evolved from the exothermic reaction which caused the surface
to pucker and wrinkle. Photomicrograph series 18 show the same trends of
the average diameter and size distribution of polyi'para-phenylene
terephthalamide) microcapsules, however, at the low concentrations of
terephthaloyl chloride, the effect of concentration was obvious as a lot
of broken microcapsules were observed.

2.11.4.3) Particle Size Distribution

1) ~ Graph series 29 shows that increasing
the amount of sebacoyl chloride does not shift the histogram of particle
size distribution of poly(hexamethylene sebacamide) microcapsules to the
smaTier size. In the same manner, the effect of concentration of
terephthaloyl ~ chloride on  poly(para-phenylene  terephthalamide)
microcapsules is elucidated in Graph series 30.

2) From Appendix 111, Tables 93- 94 show
thatincreasing the amount of sebacoyl chloride does not shift the
particle sizedistribution and average particle size of
poly(hexamethylene sebacamide) microcapsules to the smaller size,
Likewise, the effect of concentration of terephthaloyl chloride on
poly(para-phenylene terephthalamide) microcapsules is elucidated in
Tables 95 - 96.

2.11.4.4) Average Particle Size and Encapsulation
Efficiency

Tables 54 and 55 confirmed that the
concentrations of diacid chloride did not affect the size of
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SDPO10/290 SDP040/26
SBC:DBP  1:29 SBC:DBP - 4:26

~SDPU50/250
SBC DBP = 2:28 SBC:DBP = 5:25

M
.‘.

po Y |

SDPO3VIZTU

SBC:DBP  3:27
Photomicrogiraph series 17 Photomicrographs of SDP010/290-SDP050/250.
Effect of ratio of the diacid chloride/encapsulated oil
microencapsulation Poly(hexamethylene sebacamide) as  polymeric
microcapsule shell: dibutyl phthalate as encapsulated material: the
propeller speed and homogenizing time fixed at 6,000 rpm and for 90
sec. respectively; the concentration of polyivinyl alcoholJ. as
emulsifier, at 7.5 %of Ing total oil phase. A Zeiss optical microscope
was used to take the photomicrographs with magnification of 100 times.
The prints were enlarged 2.5 times.
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TDPOT07290 TDPO257275
TPC:DBP = 1.0:29.0 TPCDBP  2.5:27.5
9 adl o
:” &
.J
i A N D

TPC:DBP  1.5:28.5 TPC:DBP = 3.0:27.0

TDP020/280
TPC. DBP : 2.0:28.0

Photomicrograph series 18 Photomicrographs of TDP010/290-TDP030/270.
Effect of ratio of the diacid chloride/encapsulated oil on
microencapsulation : Poly(para-phenylene terephthalamide) as polymeric
microcapsule shell; dibutyl phthalate as encapsulated material, the
propeller speea ana Homogenizing time fixed at 6,000 rom and for 90
sec. respectively: tne  concentration of poly(vinyl alconol), as
emulsifier, at 7.5 « of the total oil pnase. A Zeiss optical microscope
was used to taKe tne photomicrographs with magnification of 100 times.
The prints were enlarged .5 times.



3l
1
Al
21
151
m

5l

31
1
A1
pAll
bl
m

Graph aeries 29 Histogram of Particle 31ze Distribution of 3DP010/290-3DP050/250.

SDPQ10/290T

mmmmwmhoe
SDP04Q/2601

EmEHEER

NODHLIDDLO 6 5 4

kY
1 K
{r
p =

%.881

28.881
15.081
10.887

5.081

B.08-

35.00+

39.981

%5.091
2,091
15,001
18.691

5,601

B.60+

SDP020/2BOT

VYUY 4

(The graphs were made from the data from Tables 93-1 - 93-5)

Effect of sebacoy) chloride

T |sDP030/270r
35.”*-

30.081
%.00+
28.081
15,881

18.89

5.881

4

R
R3]

£
0
500 1
740) / [
1500 J] \
00 Iy
500
0m7060%403)20]09 6 5 4 3
DIfiETEH (Hi)

. dibutyl phthalate ratio from 1:29, 2:28, 3:27, 4:28 and 5:25 on particle size distribution of

dibutyl phthalate encapsulated by poly(hexamethyTen® sebacamide) microcapeules when fixing the propeller speed at ,000 rpm.,
homogenizing time for 90 sec. and poly(vinyl alcohol) concentration at 7.5 x of the total oil phase .

)



TDP010/2901
2087
16.68
16.89+
14.801 2
12.88 ? m E
LA B 7 3
et HHEHHEH
i HHHEHHBAE
oA L : :
M) 9 B BB 6 S &I B
< TDP025/275"
oo
npl 3
pe 5
o K
! 4

- St e
= I R T e

Graph series 30

Effect of terephthaloyl chloride
size distribution of

propeller
phase.

16.68

12,891

4.88

2.8
18.09¢1
16.60
14.60
12.881
18,641
8.69+
6.68
4.881
2.60

B.88-

28.087
18.69+

14,891
18.68 {
B'w.\.
B.M.L

z'w“ “H s 3 b 3 N B B 4
B.88- o ' —
NWYBIHBEB O 438

B s YAV G 4 3

[TDP015/285)

TDP030/270jj

1 b SLNRES A5 2]

—— 3

Histogram of Particle Size Distribution of TDP010/290-TDP030/270.
(The graphs were made from the data from Tables 95-1 -

95-5)

28.001
18.68+
16.68 ¢

14,881

12.88 1
18,08 |
8.88+
6.08+
4.881
2,89+

[TDP020/280]

.88

<
A
Fi
R
n
ol
I
I

0
N

POV Y YL UUOD 4 S U

8.69
5.89
4.601
2.091
g.02
§.62
6.6
4.0

2.8 N

E‘ ? + " " " + : + :
7 60 58 40 30 28 18 8 6 5 4 3 ¢
DIAMETER ()

o

74

ifh.

 dibutyl phthalate ratio from 1.0:29.0, 1.5:28.5, 2.0:20.0, 2.5:27.5 and 3.0:27.0 on particle
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microcapsules but it did change microencapsulation efficiency.
Increasing the diacid chloride concentrations produced the thick and
strong polyamide film which could completely encapsulate the droplets of
dibutyl phthalate. Poly(hexamethylene sebacamide) as microcapsule shell
was more capable in terms of encapsulation than was polyCpara-phenylene
terephthalamide) because of the rigidity and brittleness of the latter.

Table 54 Average Diameter and x Unencapsulated Oil of SDP010/290-
SDP050/25C.

Dibutyl Phthalate Encapsulated by Poly(hexamethylene sebacamide)

Microcapsules Using Various Concentrations of Sebacoyl Chloride.

Assigned Nare Average Diameter % Unencapsulated
of Microcapsules (pm) Dibutyl Phthalate
SDP010/290 25,14 6.74
SDP020/280 23.71 5.36
SDP030/270 24,51 3.67
SDP040/260 2377 2.79
SDP050/250 23.80 1.84

Table 55 Average Diameter and « Unencapsulated Oil of TP010/290-
TP03/270.

Dibutyl ~ Phthalate  Encapsulated by  Poly(para-phenylene

terephthalamide) Microcapsules Using Various Concentrations of

Terephthaloyl Chloride.

, Average Diameter % Unencapsulated
A Nane . :
ssigned of Microcapsules (pm) Dibutyl Phthalate
TDP010/290 32.15 8.63

TDP015/285 30.54 5.29
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Table 55 Average Diameter and 9% Unencapsulated Oil of TP010/290-
TPO03/270.

Dibutyl ~ Phthalate ~ Encapsulated by  Poly(para-phenylene

terephthalamide) Hicrocapsules Using Various Concentrations of

Terephthaloyl Chloride.

, Average Diameter w Unencapsulated
Assigned Nare of Microcapsules (pm) Dibutyl Phthalate
TDP020/280 30.62 3.88
TDP025/275 31.10 2.79
TDP030/270 31.45 2.08

2.11.5) Conclusions

Of all concentrations of the diacid chloride,
increasing  the concentration of diacid  chloride  increased
microencapsulation efficiency and the microcapsule’s shell which a new
polymer formed during the polycondensation became thicker accordingly.
However the average particle size of the microcapsules was not affected
by the influences of the diacid chloride concentration,

2.12)  COMBINATION OF PROTECTIVE COLLOID AND SURFACE ACTIVE AGENT
FORMULATION

2.12.1) Purpose

To study the combination effect of the protective
colloid in the presence of surface active agent which affects the
synthesis and the properties of microcapsule. PolyCvinyl alcohol) and
sodium dodecvl Dbenzene sulfonate were selected because of their non-
coagulation nature.



149

2.12.2) Synthesis Method

The stock solutions of the diacid chloride, emulsifier
and diamine were prepared and kept in a water bath so as to control the
temperature at 10“C in case of sebacoyl chloride and 3CTC for
terephthaloyl chloride. 210.0 gm of the emulsifier solution and 90.0
gm of the diacid chloride solution were poured into a T.K. homogenizer
vessel. The mixture was homogenized at the propeller speed and
homogenizing time which were set as shown in the Tree Diagram 7 to form
oil-in-water emulsion. The emulsion was then poured into a 500 ml.
beaker containing 200.0 gm of the diamine solution under continuous
stirring with an Heidon laboratory stirrer at 400 - 600 rpm of the
propeller speed. Microencapsulation was formed through interfacial
polycondensation at the interface of the diacid chloride solution and
the diamine solution which  contained the emulsifier solution  as
stabilizer.

2.12.2.1) PVAISDBS in Sebacoyl Chloride

For the formulation of SD-PVSD75/20, 6.75
gm of polyfvinyl alcohol) and 5.14 gm of sodium dodecyl benzene
sulfonate were dissolved in 198.11 gm of deionized water at the
temperature of 8(TC for 60 minutes then this emulsifier solution was
cooled down to 10°C and kept in water bath so as to control the
temperature. To prepare the diacid chloride solution, 9.28 gm of
sebacoyl chloride was dissolved in 80.72 gm of dibutyl phthalate at
room temperature and kept in the water bath to control the temperature
at 10°C Likewise for the diamine solution, 4.50 gm of hexamethylene
diamine and 3.01 gm of sodium hydroxide were added into a 500 ml.
beaker containing 192.49 gm of deionized water at room temperature and
then adjusted tne temperature to 10'C. The diamine solution was stirred
with an Heiaon laboratory stirrer at 400 - 600 rpm. of the propeller



150

speed. The emulsion was prepared by homogenizing the mixture of the
diacid chloride and the emulsifier solutions at the propeller speed and
homogenizing time which were shown in the Tree Diagram 7. This emulsion
was then poured into the diamine solution and continuously agitated for
30 minutes to form poly(hexamethylene  sebacamide) microcapsules
encapsulating dibutyl phthalate. The other formulations as follows in
the Table 56 were prepared in the same method.

Flow Chart 15 Synthesis Method of SBC for studying Effect of Emulsifier

Combination,
SBC DBP DIW PVA SDBS
_ 1* _ 1 ~T v
Dissolved and adjusted Dissolved at the proper temperature

the temperature_to 10° ¢ and the]n adjusted to 101 ¢
Emulsified by a T.K. homogenizer
HVDA NaCH DIW at 6,000 rpm for 90 seconds

Dissolved and adjusted

the temperature to 10° ¢

Agitated by an Heidon laboratory stirrer
at 400 - 600 rpm. for 30 minutes
Aqueous suspension of microcapsules

2.12.2.2) PVASDBS in Terephthalovl Chloride

For the formulation of TD-PVSD75/20, 6.75
gm of poly(vinyl alcohol) and 5.14 gm of sodium dodecyl benzene
sulfonate were dissolved in 198.11 gm of deionized water at the
temperature of 80°C for 60 minutes then this emulsifier solution was
cooled down to 30°C and kept in a water bath to control the temperature,
To prepare diacid chloride solution, 6.06 gm of terephthalovl chloride
was dissolved in 83.94 gm of dibutyl phthalate at room temperature and
kept in the water bath to control the temperature at 30cC. Likewise for
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the diamine solution, 3.29 gm of para-phenylene diamine and 2.37 gm of
sodium hydroxide were added into a 500 ml. beaker containing 194.34 gm
of deionized water, was prepared at room temperature and then adjusted
the temperature to 30°C. The diamine solution was stirred by an Heidon
laboratory stirrer at 400 - 600 rom of propeller speed. The emulsion
was prepared by homogenizing the mixture of the diacid chloride and the
emulsifier solutions at the propeller speed and homogenized time which
were shown in the Tree Diagram 7. This emulsion was poured into the
diamine solution and continuously agitated for 30 minutes to form
poly(para-phenylene terephthalamide) microcapsules encapsulating dibutyl
phthalate. The other formulations as follows in the Table 57 were
prepared in the same method.

Flow Chart 16 Synthesis Method of TPC for studying Effect of Emulsifier

Combination.
TPC DBP DIW PVA SDBS
Dissolved and adjusted Dissolved at the proper temperature

the temperature to 30° ¢ and then adjusted to 30% c
emuisified by a T.K. homogenizer
PNDA NaCH DW at 6,000 rpm for 90 seconds

Dissolved and adjusted

the temperature to 30" ¢

Agitated by an Heidon laboratory stirrer
at 400 - 600 rpm for 30 minutes
Aqueous suspension of microcapsules
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Tree Diagram 7 Effect of Emulsifier Combination on Microencapsulation.
Monomer Qil E\r)MBger Speed  Time Assigned Name
rpm

g @,@@@ § B
o BB 9 BEE

Table 56 Formulation of SD-PVSD75/10, SD-PVSD75/20 and SD-PVSD75/30.
Effect of Protective Colloid and Surface Active Agent Combination

on Dibutyl Phthalate Encapsulated by Poly(hexamethylene
sebacamide) Microcapsules.

—SBC+|-I\/D0\—[]3\D

Name  SD-PVSD75/10 SD-PVSD75/20 SD-PVSD75/30

Chemicals (gm.) (gm. ) (gm.)
SBC 9.28 9.28 9.28
DBP 80.72 80.72 80.72
PVA 6.75 6.75 6.75
SDBS 2.57 5.14 1.71
DIW 200.68 198.11 195.54
HVDA 4.50 4.50 4.50
NaCH 3.01 3.01 3.01

DIW 192.49 192.49 192.49



Table 57 Formulation of TD-PVSD75/10, TD-PVSD75/20 and TD-PVSD75/30.
Effect of Protective Colloid and Surface Active Agent Combination

on Dibutyl  Phthalate Encapsulated by Poly(para-phenylene
terephthalamide) Microcapsules.

Name  TD-PVSD75/10 TD-PVSD75/20 TD-PVSD75/30

Chemicals (gm.) (gm.) (gm. )
TPC 6.06 6.06 6.06
DBP 83.94 83.94 83.94
PVA 6.75 6.75 6.75
SDBS 2.57 5 14 1.71
DIW 200.68 198.11 195.54
PNDA 3.29 3.29 3.29
NaCH 2.37 2.37 2.37
DIW 194.34 194.34 194.34

2.12.3) Analysis Methods

General appearances of the microcapsules were evaluated
by visual assessment; volume of separation after keeping for 24 hours
was measured in a 100 ml. cylinder; microscopic properties were examined
by a Zeiss optical microscope and a Joel scanning electron microscope;
average particle size and particle size distribution was measured by a
Shimadzu particle size analyzer and the microencapsulation efficiency
was analyzed by a Shimadzu gas chromatograph. The details of each
methods were explained in the previous experiments.
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2.12.4) Results
2.12.4.1) General Properties'

The effect of sodium dodecy  benzene
sulfonate on the amount of sediment and visualized appearances are
showed in Tables 58 and 59 as follows

Table 58 Separation and Appearance of SD-PVSD Series.

Effect of Concentration of Sodium Dodecyl Benzene Sulfonate in
the Presence of Poly(vinyl alcohol) on Hicroencapsulation of
Dibutyl Phthalate Encapsulated by Poly(hexamethylene sebacamide)
Microcapsules.

: Separation : .
Assigned Name after 24 hours Appearances by Visual Evaluation
SD-PVSD75/00 5 ml. milky white emulsion and uniform
SD-PVSD75/10 0 ml. milky white emulsion and uniform
SD-PVSD75/20 0 ml. milky white emulsion and uniform
SD-PVSD75/30 0 ml. milky white emulsion and uniform

Table 59 Separation and Appearance of TD-PVSD Series.

Effect of Concentration of Sodium Dodecyl Benzene Sulfonate in
the Presence of Poly(vinyl alcohol) on Microencapsulation of
Dibutyl ~ Phthalate  Encapsulated by  Poly(para-phenylene
terephthalamide) Microcapsules.

Separation

Assigned Nerme after 24 hours

Appearances by Visual Evaluation

TD-PVSDT75/00 7 ml. milky brown emulsion and uniform
TD-PVSDT75/10 1 ml. milky brown emulsion and uniform
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Table 59 Separation and Appearance of TD-PVSD Series.

Effect of Concentration of Sodium Dodecyl Benzene Sulfonate in
the Presence of Poly(vinyl alcohol) on Microencapsulation of
Dibutyl ~ Phthalate  Encapsulated by  Poly(para-phenylene
terephthalamide) Microcapsules.

Separation

Assigned Name after 24 hours Appearances by Visual Evaluation
TD-PVSD75/20 0 ml. milky brown emulsion and uniform
TD-PVSD75/30 0 ml. milky brown emulsion and uniform

2.12.4.2) Microscopic Properties

Photomicrograph series 19 and 20 show the
effects of the concentration of sodium dodecyl benzene sulfonate on
microscopic properties.

2.12.4.3) Particle Size Distribution

1) Graph series 3L shows the results of
poly(hexamethylene sebacamide) microcapsules. Graph series 32 shows the
results of poly(para-phenylene terephthalamide) microcapsules.  The
results of these are of different pattern in histogram compared to those
obtained from the system without the addition of sodium dodecyl benzene
sulfonate.

2)  From Appendix 111, Tables 97 and 98 show
that increasing the concentration of sodium dodecyl benzene sulfonate
shifts the particle size distribution and average particle size to the
smaller ~ size.  The results are in the same trends for both
poly(hexamethylene sebacamide) and poly(para-phenylene terephthalamide)
microcapsules.
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Photomicrograph series 19 Photomicrographs of SD-PVSD75/1CTSD-PVSD75/30.
Effect of protective colloid and surface active agent on encapsulated
dibutyl phthalate by poly(hexamethylene sebacamidei: Poly( hexamethy lerie
sebacamide) as polymeric microcapsule shell, dibutyl phthalate as
encapsulated material, the propeller speed and homogenizing time fixed
at 6,000 rpm and for 90 sec., respectively, the concentration of
polyivinyl alcohol) at 7.5% as emulsifier and the concentration of
sodium dodecyl benzene sulfonate at 1.0, 2.0 and 3.0% of the total oil
phase. Photomicrographs at the left were taken from the Zeiss optical
microscope with 250 times magnification and prints enlargement of 2.5
times while those at the right were from the Joel scanning electron
microscope.
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Photomicrograph series 20 Photomicrographs of TD-PVSD75/10TD-PVSD75/30.
Effect of protective colloid and surface active agent on encapsulated
dibutyl phthalate by poly(para-phenylene terephthalamideJ: Polyipara-
phenylene terephthalamide) as polymeric microcapsule shell, dibutyl
phthalate as encapsulated material, the propeller speed and
homogenizing time fixed at 6,000 rpm and for 90 sec., respectively, the
concentration of poly(vinyl alcohol) at 75% as emulsifier and the
concentration of sodium dodecyl benzene sulfonate at 1.0, 2.0 and 3.0%
of the total oil phase. Photomicrographs at the left were taken from the
Zeiss optical microscope with 250 times magnification and prints
enlargement of 2.5 times while those at the right were from the Joel
scanning electron microscope.
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Graph series 31 Histogram of Particle Size Distribution of SD-PVS075/10~S0-PVSD75/30.
(The graphs were made from the data from Tables 97-1 - 97-3)

Effect of sodium dodecy) benzene sulfonate concentration varied from 1.0, 2.0 and 3.0 X combinating with 7.5 X of poly(vinyl

alcohol) as emulsifier of the total oil phase when fixing propeller speed at ,000 rpm. and homogenization time at 90 sec.

particle size distribution of dibutyl phthalate encapsulating poly(hexamethylene sebacamide) microcapsules.
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Graph series 32 Histogram of Particle Size Distribution of TD-P\/SD75/10~TD-PVSD75/30.

(The graphs were made from the data from Tables 98-1 - 98-3)

Effect of sodium dodecyl benzene sulfonate concentration varied from 1.0, 2.0 and 3.0 X combinating with 7.5 X of poly(vinyl
alcohol) as emulsifier of the total oil phase when fixing propeller speed at 6,000 rpm. and homogenization time at 90 sec. on
particle size distribution of dibutyl phthalate encapsulating poly(para-phenylene terephthalamide) microcapsules.

69T
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2.12.4.4) Average Particle Size and Encapsulation
Efficiency

Tables 60 and 61 show that increasing the
concentrations of sodium dodecyl benzene sulfonate decrease the average
size of polyamide microcapsules but at high concentration of sodium
dodecyl benzene sulfonate, the microencapsulation efficiency decrease.

Table 60 Average Diameter and %Unencapsulated Oil Of SD-PVSD Series.
Effect of the Concentration of Sodium Dodecyl Benzene Sulfonate

in the Presence of Poly(vinyl alcohol) on Dibutyl Phthalate
Encapsulated by Poly(hexamethylene sebacamide) Microcapsules.

Assigned Nae Average Diameter (pm) %Unencapsulated
of Microcapsules Dibutyl Phthalate
SD-PVSD75/00 21.00 1.34
SD-PVSD75/10 12.22 1.06
SD-PVSD75/20 8.43 4.98
SD-PVSD75/30 5.88 11.67

Table 61 Average Diameter and %Unencapsulated Oil Of TD-PVSD Series.
Effect of the Concentration of Sodium Dodecyl Benzene Sulfonate
in the Presence of Poly(vinyl alcohol) on Dibutyl Phthalate

Encapsulated by Poly(para-phenylene terephthalamide)
Microcapsules.

: Average Diameter (pm) x Unencapsulated
Assigned Name . :

’ of Microcapsules Dibutyl Phthalate
TD-PVSDT75/00 23.40 2.94

TD-PVSDT75/10 16.72 2.17
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Table 61 Average Diameter and ; Unencapsulated Oil Of TD-PVSD Series.
Effect of the Concentration of Sodium Dodecyl Benzene Sulfonate

in the Presence of PolyCvinyl alcohol) on Dibutyl Phthalate
Encapsulated by Poly(para-phenylene terephthalamide)
Microcapsules.

: Average Diameter (pm) % Unencapsulated
Assigned Name . :

’ of Microcapsules Dibutyl Phthalate
TD-PVSD75/20 11.65 9.29
TD-PVSD75/30 1.57 13.85

2.12.5) Conclusions

Increasing ~ the amount of sodium dodecyl  benzene
sulfonate reduces the average particle size diameter and gives more
uniformity of particle diameters. The high concentrations of sodium
dodecyl benzene sulfonate decrease accordingly the microencapsulation
efficiency.

2.13) EFFECT OF THE APPROPRIATE MONOMVER PAIRS ON' MICROENCAPSULATION
2.13.1) Purpose

To study the effect of different monomer pairs, by
altering the conventional counter monomer containing diamine moiety, on
microencapsulation via polycondensation.

2.13.2) Synthesis Method

The stock solutions of diacid chloride and diamine were
prepared as follows in Table 92 and they were kept in water bath to
control the temperature at 30"c. 210.0 gm of poly(vinyl alcohol)
solution at 30°c and 90.0 gm of diacid chloride solution were
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subsequently poured into a T.K. homogenizer vessel. The mixture was then
homogenized at 6,000 rpm of the propeller speed and 90 sec. of the
homogenizing time which showed in Tree Diagram 8 to form 0 1 water
emulsion. The emulsion was poured into a 500 ml. beaker containing 200.0
gm of diamine solution under stirring by an Heidon laboratory stirrer
at 400 - 600 rpm of the propeller speed. Flow Charts 17, 18 and 19 were
prepared to elucidate the effect of the appropriate monomer pairs on
microencapsulation. Microencapsulation was formed though by interfacial
polycondensation at the interface of the diacid chloride droplets and
the diamine solution which have an emulsifier as stabilizer.

2.13.2.1) SBC/PNDA Pair
Flow Chart 17 Synthesis Method of SBC/PNDA Monomer Pair.
SBC DBP DIW PVA

Dissolved and adjusted Dissolved at the proper temperature
the temperature to 30" ¢ and then adjusted to 10 ¢
Emulsified by a T.K. homogenizer
PNDA NaCH DIW at 6,000 rpm for 90 seconds

Dissolveed and adjusted

the temperature to 30° C

Agitated by an Heidon laboratory stirrer
at 400 - 600 rpm. for 30 minutes
Aqueous suspension of microcapsules



2.13.2.2) STCHHPN Pair
Flow Chart 18 Synthesis Method of STCHVPN Monomer Pair.

$BC TC DBP DIW PVA

Dissolved and adjusted Dissolved at the proper temperature
the temperature to 30° ¢ and then adjusted to 10“ ¢
Emulsified by a T.K. homogenizer

HDA P\DA NaOH  DIW at 6,000 rpm for 90 seconds

Dissolveed and adjusted

the temperature to 30" ¢

Agitated by an Heldon laboratory stirrer
at 400 - 600 rpm. for 30 minutes
Aqueous suspension of microcapsules

2.13.2.3) TPC/HVDA Pair
Flow Chart 19 Synthesis Method of TPCHVDA Monomer Pair.
TPC DBP DIW PVA

Dissolved and' adjusted Disso ved at the proper temperature
the temperature to 30° ¢ and then adjusted to 10 ¢
Emulsified by a T.K. homogenizer

HVDA NaCH DIW at 6,000 rpom fcr 90 seconds

Dissolveed and adjusted

the temperature to 30° ¢

Agitated by an Heldon laboratory stirrer
at 400 - 600 rpm. for 30 minutes
Aqueous suspension of microcapsules

163
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Tree Diagram 8 Monomer Pairs for the Encapsulation of Dibutyl Phthalate
by Polyamide Microcapsules Using Poly(vinyl alcohol) as

Emulsifier.

Monomer Oil  Emulsifier Speed Time Assigned Nane
rpm. - sec.
r SBC + PNDA ---mmeeeemeee - DBP - PVA- — 6,000 90 SBC/PNDA
*-- SBC+TPC + HVDAPNDA - DBP — PVA — 6,000 90  STCHWVPN
- TPC + HVDA --ememeememes - DBP — PVA—6,00C 90 TPCHVDA

Table 62 Formulations of the studied Monomer Pairs.

Assigned Name  SBC/PNDA STGHVPN TPGHVDA
Chemicals (gm.) (gm.) (gm.)
SBC 9.28 6.19

TPC 3.03 6.06
DBP 80.72 80.78 83.94
PVA 6.75 6.75 6.75
DIW 203.25 203.25 203.25
HVDA 3.01 3.55
PADA 4.19 1.65

NaCH 3.01 3.19 2.37
DIW 192.49 192.15 194,34

2.13.3) Analysis Method

All the analysis methods were discussed in the earlier
experiments.



2.13.4) Results
2.13.4.1) General Properties

Table 63 Effect of Monomer Pairs on Visual  Appearance in
Microencapsulation of Dibutyl Phthalate.

Assigned Name S? ara%ion Appearance by Visual Evaluation

after 24 hours
SBC/PNDA 1.5 ml. milky brown emulsion and uniform
STCHVPN 1.0 ml. milky yellow emulsion and uniform
TPGHVDA 2.0 ml. milky white emulsion and uniform

2.13.4.2) Microscopic Properties

Photomicrograph ~ series 21 showed the
microscopic properties, the details of which were depicted and explained
in the respective photomicrographs.

2.13.4.3) Particle Size Distribution

Graph senes 33 and Table series 99 in
Appendix 11 show the histogram of particle size distribution and
average particle size of polyamide microcapsules. Each monomer pair has
an individual average particle size and a specific pattern of histogram.

2.13.4.4) Average Particle Size and Encapsulation
Efficiency

Table 64 show the average particle size and
microencapsulation efficiency of polyamide microcapsules.
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TPC/HMDA

Photomicrograph series 21 Photomicrographs of SBOPNDA sTC/HMPN and
TROHVIA

Effect of the appropriate moromer pairs — microcapsulation of  poly
amides.  The types of nonomer pairs are specified  each micrograph;
dibutyl phthalate as encapsulated material while 7.5 % poly(vinyl
alconol) as emulsifiers, the propeller speed at 6.000 MM and the
homogenizing time at 9 sec. The photomicrographs On the left-hand  side
vere taken by a Zeiss optical microscope Uncer 250 times magnification
from which the prints were enlarged 2.5 times. Te prints ON the right-
hend side were taken by Joel scanning electron microscope under 500
times magnification.
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Graph series 33 Histogram of Particle Size Distribution of SBC/PNDA. STC/HMPN and TPC/HMDA.

(The graphs were made from the data from Tables 9S-1 - 99-3)

Effect of the monomer pairs on particle size distribution of dibutyl phtnalate encapsulated by polyamide microcapsules. The

conditions were fixed at 7.5 * poly(vinyl alcohol) as emulsifier, ,000 rpm. propeller speed and 90 sec. homogenizing time.
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Table 64 Effect of Monomer Pairs on Average Diameter and Efficiency of
Microencapsulation of Dibutyl Phthalate.

Assigned Nne  Average Diameter (om)  %Unencapsulated

of Microcapsules Dibutyl Phthalate
BOMNA 22.58 178
STCHVIN 24.92 1.26
TROHVIA 30.45 1.84

2.13.5) Conclusions

It is evidenced that ore can use the appropriate
mononer pair, the diacid chlorides and the diamines, for the synthesis
of microcapsules which are condensation polymers such as  polyamice i
this case, other classes of monomers should be carefully selected m
terms of factors mentioned In the previous sections, Considering the
case of using terephthaloyl chlorice, average particle diameter is
somewnat bigger than of sebacoyl chloride.

2.14) OBFRAL CPIMZATIN OF IHE SYSTRMI
2.14.1)  Purpose

Bsed on  the results concluced from al
previous experiment, the optimal conditions were used to synthesize the
microcapsules.  This experiment wes carried out o & to check the
validity ad effectiveness of the conditions obtained from above
mentioned experiments,

2.14.2) Synthesis Method

Tre stock solutions of the diacid chloride, emulsifier
anl diamine were prepared ty dissolving 6.19 gm of sebacoyl chloride
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ad 3.03 g of terephthaloyl chloride in 80.78 gm of dibutyl phthalate
as oil phase; 6.75 gm of poly(vinyl alcohol) ad 257 gm of sodium
doclecyl benzene sulfonate in 200.6s gm of deionized water at so ¢ for
60 mn. as emulsifier phase ad 301 gn of hexamethylene diaming, 165
gm of para-phenylene diamine and 3.19 gm of sodium hydroxide in 192.15
gm of delonized water as aqueous phase. Tre oil and diamine phases were
kept in a water bath to control the temperature at I G ad at ¢
for the emulsifier phase. 210.0 gm of emulsifier solution ad 90.0 gm
of the diacid chlorice solution were poured into a TK  homogemzer
vessel. The mixture wes homogenized at 8,000 m of propeller speed and
M sec. of homogenizing time, to fom oil-in-water emulsion. Tre
emulsion wes poured into a 500 ml. beaker containing 2000 gn of the
diamine solution being stirred with an Heicon laboratory stirrer at 40
- 600 qmof propeller speed. Microencapsulation occurred by interfacial
polycondensation at the interface of the diacid chloride droplets and
the diamine solution which contained the emulsifier solution s
stabilizer,

Table 6 Overall Optimization Formulation for the Synthesis — of
Polyamice Microcapsules.

Chemical Nane Cock Nne ~ Quantity (gm)
Sebacoyl chloride 20 6.19
Terephthaloyl chloride T 303
Dibutyl phthalate [P 80.78
Poly(vinyl alcohol) PA 6.75
Sodium dodecyl benzene sulfonate  IBS 257
Deionized water oW 200.68
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the Synthesis of

Table 65 Overall Optimization Formulation

Polyamide Microcapsules.

Chemical N Coce e Quantity (gm)
Hexametylene diamine H\A 301
Para-phenylene diamine ANA 1.65
Sodium hydroxide N(H 319
Deionized water oW 192.15

How Chart 20 Optimization of Synthesis Method of  Polyamice
Microcapsules.

8 T P oW PA  TIB

Disgoh/é(d—amlgdjusted Dissohved at the proper temperature
the temperature to 30 ¢ and then adjusted to 10" ¢
Emulsified by a TK Homogerzer
HA DA NH OW  at 6,000 rom for 90 seconds

Dissolved and adjusted

the temperature to 30¢

Agitated by an Heidon laboratory stirrer
at 400 ~ 600 rpm for 3 minutes
Aueous suspension of microcapsules

2.14.3)  Analysis Mthod

Tre sare analytical techniques were used to evaluate
the results as mentioned In the previous experiments.
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2.14.4) Results
2.14.4.1) General Properties
Table 00 Visual Evaluation of the Polyamide Microcapsules.

Assigned Nne Separation  Appearance by Visual Evaluation
after 24 hours

SICHWNPD  Om. milky yellow emulsion and uniform

2.14.4.2) Microscopic Properties

Photomicrograph series 22 show the  polyamice
microcapsules which have very spherical and perfect shape. Tre wrinkle
and  broken microcapsules problem that found in the previous experiment
wes solved.,

2.14.4.3) Particle Size Distribution

Table 67 ad Ganh series 3 show the
size distribution of polyamice microcapsules.

table 67 Average Diameter and Particle Size Distribution of
STCHVINPD

Diameter (o) Average  Percentage  Percentage  Diameter
Mcrometer  Diameter  Cumulative  Different  Coefficient

70.00 X 0.0 0.00 0.00
60.00 69.00 0.0 0.00 0.00
50.00 59.00 0.8 0.80 44.00
40.00 4500 34 2.60 117.00

30.00 35.00 128 940 329.00
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Scanning Electron Micrograph of STC/HMPN/PVSD

Photomicrograph series 22 Photomicrograph of STOHVANPD

Microscopic  Appearence  of  STOHVANPVWD  Synthesized  from  the
Optimization Deta from the Earlier Experiments. Tre photomicrographs o
the top side were taken by a Zeiss optical microscope Uncer 250  times
magnification from which the prints were enlarged 2.5 times. The prints
on the bottom sice were taken by Joel scanning electron microscope uncer
500 times magnification.
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Table 67 Average Diameter and Particle Size Distribution of
STC/HMPN/PVSD.

Diameter (pm) Average Percentage Percentage  Diameter
Micrometer Diameter ~ Cumulative Different Coefficient

20 00 25.00 31.5 18.70 467 50
10 00 15.00 60.7 29.20 438 00
8 00 9.00 76.8 16.10 144 90
6 00 7.C0 87.5 10.70 74 90
5 00 5.50 93.4 5.90 32 45
400 4.50 96.7 3.30 14 85
3 00 3.50 98.3 1.60 5 60
2 00 2.50 99.2 0.90 2 25
100 1.50 100.0 0.80 120
0 00 0.50 100.0 0.00 0 00

Average Particle Size (pm) 16 72

2.14.4.4) Average Particle Size and Encapsulation
Efficiency -

Table 68 shows the average diameter and
microencapsulation efficiency of polyamide microcapsules synthesized by
potimization condition.

Table 68 Average Particle Size and Encapsulation Efficiency of the
Polyamide Microcapsules.

Assigned Name  Average Diameter (pm) X Unencapsulated
of Microcapsules Dibutyl Phthalate

STC/HMPN/PVSD 16.72 1.74
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Graph Sanaa 34 Histogram of Particle Size Distribution of 3TC/HMPN/PV3D.
(The graphs were made from the data from Table 67)
Particle size distribution of the polyamide microcapsulee synthesized by using the optimum

conditions from the previous experiments.
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2.14.5) Conclusions

The overall optimum conditions wused in the synthesis
of the microcapsules were acceptable since the general properties 0f the
microcapsules were stable in emulsion form, the wrinkle and broken
microcapsules could not be discoveried in this experiment.



	CHAPTER II EXPERIMENTALS AND RESULTS
	2.1) EQUIPMENT REQUIREMENT FOR THE EXPERIMENTAL WORK
	2.2) CHEMICAL SELECTION FOR EXPERIMENTS
	2.3) SOLUBILITY OF DIACID CHLORIDE IN ENCAPSULATED MATERIAL
	2.4) SOLUBILITY OF DIAHINE IN WATER
	2.5) OPTIMUM OIL-TO-WATER PHASE RATIO
	2.6) PROPELLER SPEED AND HOMOGENIZING TIME RANGE
	2.7) MICROENCAPSULATION PROCESSES
	2.8) EFFECTS OF MONOMERS, ENCAPSULATED MATERIALS AND EMULSIFIERS ON THE PROPERTIES OF MICROCAPSULES
	2.9) EFFECT OF PROPELLER SPEED AND HOMOGENIZING TIME
	2.10) EFFECT OF EMULSIFIER CONCENTRATION
	2.11) EFFECT OF MONOMER CONCENTRATION
	2.12) COMBINATION OF PROTECTIVE COLLOID AND SURFACE ACTIVE AGENT FORMULATION
	2.13) EFFECT OF THE APPROPRIATE MONOMER PAIRS ON MICROENCAPSULATION
	2.14) OVERALL OPTIMIZATION Of IHE SYSTEM


