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ABSTRACT

In this research, the preparation of polymer capsules encapsulated methyl anthranilate
(MA), a main component of jasmine essential oil, was studied. The capsules were prepared by the
solvent evaporation technique for linear polymer shell and suspension polymerization for crosslink
polymer shell for the different applications.

In the first part, the linear polymer capsule of polycarbonate (PC) encapsulated MA was
prepared by the solvent evaporation technique using both conventional and phase inversion
emulsification (PIE) techniques for the preparation of the oil droplets. It was found that using the
conventional method for oil droplet generation at PC:MA of 2:1, the capsules were in micrometer
size with broad particle size distribution (PSD) and approximately 26.66 % loading of MA. In the
case of PIE, the prepared polymer capsule size was smaller closed to nanometer size with narrower
PSD than that of the conventional. The loading percentage was slightly decreased to about 19.34.
Then, PIE was selected for polymer capsule preparation. However, the obtained polymer capsules
produced by this technique have low strength which suitable only for low strength application. In
the Second part, the preparation of crosslinked poly(methylmethacrylate-co-ethyleneglycol
dimethacrylate) (P(MMA-EGDMA)) capsule was carried out to enhance the polymer shell strength
by the suspension polymerization for high shell strength application. The results showed that using
P(MMA-EGDMA):MA at 1:1, the obtained capsules have spherical shape with 23.41 %
encapsulation. After that, the control release of the encapsulated MA in polymer capsules at various
times was studied for the fundamental data of the application. It was found that the amount of the

encapsulated MA gradually decreased with time in 2 months.

)



Therefore, it can be concluded that the polymer capsules encapsulated MA were
successfully prepared by both techniques for the different applications. The prepared capsules are

able to control the release of MA.

Keywords: polymer capsule, methyl anthranilate, solvent evaporation, suspension polymerization
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2.3 msmuaumsiaaiase (Control release) [20, 39-42]

I J A J A 1 a 4
Wumsatuaunisdaalassvesasununanesnainaisnilunasn yu wodluos

Y = ' ~ a @ = o Aa '
mﬂiﬂﬁm’szmwmmm LU WD LID71 UM HuLlaznIUAU Iﬂﬂllﬂﬁ]ﬁ]ﬂ‘ﬂilﬂﬁ@’ﬂﬂﬁﬂaﬂﬂaﬂﬂ

=

A ' A P A A Y Y a a o A A YA A A
Ao gUsvesnedwesualgaimsonla Mmrvesnodwesualgaiimson 1Al NuanHIol3-
~ 1 <3 1 [} < o Yq Y Y '
Wyu MsununanegmelunazunseanuIadsIan 1 v lgnamesslunisdaailass ms
4 a P < a ¢ a3 1
W@ouaatguoanoamosnliulaen s1ldlasnnedwesilunindosaars 1dtoanu
a Aa Aa a 4 { < a ] o ] Aa
FITUKIA (FU WoALDALANANLDTA 1D TauaNuFUNIzinaMIgpsaatvin Iiae Tswoatoa-
uananueFaNansuanudlanldaosa1suAUNA100NLT LHASAITUNTVYBIAITUAUNDIN
9 a 4 A <3 K] A
szve lavennnnedwesundaa esdsznouiill TuanavuA@nIz @ NTOUNTHIUHI 0NN
= ] ] a s Y ] ao‘ Y 1 =\ [] ax
FurUgNgUY0IE e Tsnoawes 14 15 hdunenszive mindugumslantassiiognarsis

9 [ (% t:all
A2EAY ASl
2.3.1 mamuaumsdaaldaeslagldnisuns (Diffusion control release)

'] = y A 3 o a s
msunstlunalninuluasIdnausa diduneuszvonaze wodiwes
a ' S 4 2 @ @ 2
undgaszinanslanilasenaeiio lovesarsasldsunumivvesnlya sannududuvesars
a J < A ! Y 9 I v o Y a

HAUNENNIN MIsziveluneamesuallganzdann sz NANUINTWuusIwanau lvina
Msuns TadeNTHanan131Ng Ao ANTUBINITHOIAD (Degree of swelling) FIUNADINNITYAT

o a J 9 a J @ < o 9 a I 2K A '
1U1UINDAINDST HINDANDIUMINBIAININ NzI I neaoIUFNIUNINAILMIani)dey

VYDIF1TDDNNUINN

2.3.2 minruaumstlaailass laaiitey (pH sensitive release)

9 o J a 4 J 1 I
dmSumsniuqunsdandass Tagldfies wodaweinldarulvarziunin
a P % o YA A = 1 [l Y o a S Y
wodwesNawsanesdazguaa ldiliefieslasn diulvgzldnuwinnedwesndu

a Y] s A o 1 9 I A Y A~ A
NANNUNIATOITIDIN LYY ﬂ'liﬁl,‘lful,ﬁIWIcﬁﬂJlﬂulﬂﬁﬂﬂTjMﬂ1il!ﬂuﬂﬁ'N LNBWL@‘M“]JQEJ’H%$W1

1% la Tn TsuRams@eadesnnudaunanmstlanlaesasununalsoonin

37



2.3.3 miaruaumstaailass Tnsoderann1sneda (Release of flavor by swelling)
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3.1.1 @151
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1. WoAMIUBIUA

(Polycarbonate; PC)

2. WnauauNIIE@n

(Methyl anthranilate; MA)

3. aavlsvosu

(Chloroform; CHCL,)

4. Y Tadu

(Toluene; C.H,CH,)

5. lanao Tstimu

(Dichloromethane; DCM)

6. mnsz lalasyusu

(Tetrahydrofuran; THF)

7. woa hilauvansaod

(Polyvinyl alcohol; PVA)

Commercial grade

Purity 98.0%

Purity 99.8%

Analytical reagent

Analytical reagent

Laboratory reagent

Analytical reagent

Sigma-aldrich

RCI Labscan

RCI Labscan

RCI Labscan

UNILAB

Sigma-aldrich




Sy
atio

=

Ay IN3A
8. laden Tandadgama Purity 99.0% Sigma-aldrich
(Sodium dodecyl sulfate ; SDS)
9. lusanalaswsa uonludion Purity 98.0% Sigma-aldrich
Tuslud (Myristyltrimethyl ammonium
bromide; TTAB)
10. WNAUMAILAAN Reagent Plus 99% Sigma-aldrich
(Methyl methacrylate; MMA)
11. onau lnanealammasian Purity 98% Sigma-aldrich

(Ethylene glycol dimethacrylate;

EGDMA)

12. 4,4 - 02 19Dd (4-uN0NT - 2, 4 -
loiianalslu'ngd) @, 4 - Azobis
(4- methoxy - 2, 4 - dimethyl

valeronitrile)); V-70)

13. udalulasau

(Nitrogen gas; N,)

Analytical reagent

Purity 99.99%

Wako

Praxair
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TGk ( UV-Visible spectrophotometer)
2. nanaansseniuuy1Huas SK-100EB & SK-100ET Seek
(Optical microscope; OM)
3. ndesgansiminidnasounuUdes JSM 6510 JEOL
1319
(Scanning electron microscope; SEM)
4, Lﬂ%ﬁﬂmumaumﬂ Delsa nano C Beckman

(Particle size analyzer)

A J a a

5. Lﬂi@\?!‘ﬂE]iIllﬂiTJLllGliﬂﬁ]gu1l1ﬁ
4

189 (Thermogravimetric analyzer;

TGA)

TGA 4000

Perkin Elmer
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Phase Ingredients PVA in oil (% wt)
5 9 16
Oil PC (g) 7.00 7.00 7.00
MA (g) 3.50 3.50 3.50
PVA (g) 0.50 1.00 2.00
DCM (g) 25.00 25.00 25.00
Aqueous HZO (2) 45.00 45.00 45.00
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Phase Ingredients PVA in oil (% wt)
5 9 16
Oil PC (g) 7.00 7.00 7.00
MA (g) 3.50 3.50 3.50
PVA (g) 0.50 1.00 2.00
DCM (g) 25.00 25.00 25.00
Aqueous SDS (g) 0.09 0.09 0.09
HzO (2) 4491 4491 4491
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Phase Ingredients Solid content polymer microcapsules (% wt)
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PREPARATION OF POLYMETHYL METHACRYLATE MICROENCAPSULATED JASMINE FRAGRANCE
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Introduction . Results and discussi

Essential oils or fragrance are organics compound which are naturally
produced by plants. It was found in the several parts of the plants such as flower,
leaf, and trunk etc. There main ingredients are terpens and phenyl pro-panoids
[1]. Essential oils have different properties depending on types of plants being
extracted from such as Lavender oil extracted from Lavender flower. Its
properties are to relax body and minds. Jasmine oil is extracted from Jasmine
flower, showing fresh clean and perky properties. However it has very fast
evaporation rate as well as short life time [2]. Therefore, to reduce volatility rate
and also protect the reaction from light, air and heat , the encapsulation of
Jasmine oil was studies by simple solvent evaporation N

Fig. 2 Photos of PMMA emulsion state prepared by solvent evaporation technique in oil/ water system
atvarious PMMA : Jasmine oil ratios a) 1:1; b) 2:1 and c) 3:1
E [6]

| Fig.4Photos of PMMA emulsion prepared by solvent evaporation at various surfactants: 1%PVA ;
| 19%sodium dodecy! sulphate (SDS) and 1% polyoxyethylene (80) sorbitan monooleate (Tween 80)

Experimental

‘Table 1 Reagent amounts for the preparation of PMMA capsules containing Jasmine oil '

by solvent evaporation technique I\
I
! TR .
' Fig. 5 Optical micrographs of PMMA fragrance dropl toluene
DA ® PMMA : ﬁ:ylm,a)ll b)llmdc)}]mdnﬁenolmmpmwml band ¢
Jsnine Ol (g)
mm:m(ﬂ)

maammmmdmmwem fragrance: a) 1:1;b) 2:1 and c) 3:1
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Conclusions |
PMMA/Jasmine fragrance microcapsules were suceessfully prepared by the
simple solvent evaporation technique in oil/water system. The optimum, wndmon
for the preparation of capsule is PMMA : .lasmme oﬂofz 1 using toluene and L‘

%wt PVA aqueous solution as solvent mi; |vé|y*‘ﬂyg, /7
capsule with smooth outer surface was ol { ' A
pmmemlwasmusmdbyUV-VuSpectmp ia mmmww-m
— ! _A Jasmine (mg)  Encapsulation
References [ (m) “Theory Experiment  ¢ficiency (%)

[1] Aurapan sansukchareampon, et al. Interanational Joumal of Phammaceutics 2010, 391, 267-273. 20 667 478 2

T | Chinese Jc f Cl incering 2021,19, 5177-5185.
‘ [2] Hu Jing, et al. Chinese Journal of Chemical Engineering 2021,19, 5177-5185. ‘ % (RSD)of 83 (0.11) of at500mgl
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ration of Poly (methyl methacrylate) microcapsule with encapsulated
Jasmine oil
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Abstract
microencapsulation of jasmine oil with polymethyl methacrylate (PMMA) was
“=d out by solvent evaporation method in oil in water (O/W) emulsion system. The oil
was formed by the mixing of PMMA, jasmine oil and toluene and then dispersed in
Jinyl alcohol solution as stabilizer. After solvent evaporation, PMMA microcapsules
encapsulated jasmine oil were formed. The influence of weight ratio of
:jasmine oil on the preparation of polymer capsule was studied. It was found that
1:1 weight ratio of PMMA:jasmine oil the polymer capsule could not prepare. The
of PMMA content results in the formation of spherical PMMA microcapsules as
case of 2:1 and 3:1 weight ratios. The amount of encapsulated jasmine oil and the
ulation efficiency was measured with UV-visible spectroscopy. Approximately

encapsulation efficiency was obtained.

ords — Polymethyl methacrylate; Jasmine oil; Microcapsule; Solvent evaporation
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Introduction
Essential oils or are organic which are
naturally produced by plants. It was found in the several parts of the
plants such as flower, leaf, and trunk. Their main ingredients are
terpens and phenyl propanoids [1]. Essential oils have different
properties depending on types of plants being extracted from such as Fig. 4 Photos of PMMA emulsion prepared by the solvent evaporation
Lavender oil extracted from Lavender flower. Its properties are to ;‘)’;”“‘“‘ in oil/water system at various  surfactants (1%w1): a) PVA; b)
: e 5 ©) Tween 80
relax body and minds. Jasmine oil is extracted from Jasmine flower,
showing fresh clean and perky properties. However, it shows fast
evaporation rate as well as short life time [2]. Therefore, to reduce
volatility rate and also protect the reaction from light, air and heat,
the encapsulation of Jasmine oil was studies by simple solvent
evaporation.
Fig. 5 Optical micrographs of PMMA /Jasmine oil droplets before and after
toluene evaporationat various PMMAJasmine oil ratios: (a, a) 1:1; (b, b)
. 21 and (¢, ¢) 3:1
Experimental ]
Table 1 Reagent amounts for the preparation of PMMA microcapsules containing
Jasmine oil by solvent evaporation technique at various PMMA:Jasmine oil ratios.
Ingredsents Jasmine o
bl 21 31
PNMA () 3% W0 A Fig. 6 SEM micrographs of PMMA/Jasmine oil microcapsule at various
Jasmioe ol (5) 250 1.60 135 PMMA Jasmine oil ratios: a) 1:1: b) 2:1 and ¢) 3:1
‘Surfactant sobtion 1%wt (ml) 45.00 45.00 45.00
Tolene (g) 10.00 10.00 1000
— e 4,03 pym)
Abteevtions: Pomethyl metacstate (PMMA) wod Pobviy] sechol (PVAL ik ot bt
Sugugelpe PAMA PMMA
o
7 [y e——
3%
asmine oil - PMMAJasmine oil
PAMA capsuie s Ditwtion.
Fig. 1 Schematic diagram of the preparation of PMMA microcapsules with \'g | -
Encapsulated jasmine oil by solvent evaporation technique in oil/water system P R m'___
Results and discussion
Fig. 8 Schematic of the determination of the encapsulated Jasmine oil in
PMMA microcapsule by UV-Visible spectrophotometer
Table 2 The amountof encapsulated Jasmine oil in PMMA microcapsule at PMMA :
Jasmine of 2:1 weight ratio measured with UV-Visible spectrophotometer
Sample  Jasmine oil (mg)  Encapsulation
(mg) “Theory Experiment efficiency (%)
Fig. 2 Photos of PMMA emulsion prepared by the solvent evaporation 20 6.67 478 72
{:)c;rln'l::td i;!;'ill/wﬂ system at various PMMA :Jasmine oil ratios: a) 1 Remark : % Recovery (%RSD) of 83 (0.11) of standard at 500 mg/l
-1 and ¢) 3:
Conclusions
PMMA/Jasmine oil mi psules were lly prepared by the

Fig. 3 Photos of PMMA emulsion prepared by the solvent evaporation
technique in oil'water system at various solvents: a) Toluene; b)
Dichloromethane and C) Tetrahydrofuran

simple solvent evaporation technique in oil/water system. The optimum
condition for the preparation of capsule is PMMA : Jasmine oil of 2:1
using toluene and 1 %wt PVA aqueous solution as solvent and
surfactant, respectively. The spherical microcapsule with smooth outer
surface were obtained. The encapsulation efficiency of jasmine oil
measured by UV- Visible Spectrophotometer was 72%.
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Abstract - The microencapsulation of jasmine oil with polymethyl methacrylate (PMMA) was carried out by solvent
evaporation method in oil in water (O/W) emulsion system. The oil phase was formed by the mixing of PMMA, jasmine oil
and toluene and then dispersed in polyvinyl alcohol solution as stabilizer. After solvent evaporation, PMMA microcapsules
with encapsulated jasmine oil were formed. The influence of weight ratio of PMMA:jasmine oil on the preparation of
polymer capsule was studied. It was found that using 1:1 weight ratio of PMMA :jasmine oil the polymer capsule could not
prepare. The increase of PMMA content resulting in the formation of spherical PMMA microcapsules as in the case of 2:1
and 3:1 weight ratios. The amount of encapsulated jasmine oil and the encapsulation efficiency was measured with UV-
visible spectroscopy. Approximately 72% encapsulation efficiency was obtained.

Keywords— Polymethyl methacrylate; Jasmine oil; Microcapsule; Solvent evaporation

1. INTRODUCTION

Essential oils are organic compounds which are
naturally produced by plants in several parts such as
flower, leaf and trunk. There are two types of main
ingredients those are terpens and phenyl pro-panoid [1].
Essential oils have different properties depending on the
type of plants being extracted from such as Lavender oil
extracted from Lavender flower. Its properties are to relax
body and minds. Jasmine oil is extracted from Jasmine
flower showing fresh clean and perky properties.
However, the direct utilization of essential oils is limited
because of their high volatile rate. To overcome this
drawback, the encapsulation of them with polymer is
studies. By the encapsulation, the volatile rate of oils is
reduced and controlled. Moreover, the essential oils are
protected from light, air and heat [2]. The selection of
polymer shell depends on the application of the polymer
capsule. For example, for food industry, biodegradable
and biocompatible polymer as poly-lactic acid [5] and
poly-g-carpolactone [6] are used. In the textile industry for
fabric coating [7, 8] the high strength polymer shell such
as polymethyl methacrylate (PMMA), polystyrene is
selected to prevent the capsule broken during coating
process. Many method have been used  for the
preparation of polymer capsule such as interfacial
polymerization [9], phase inversion precipitation [10,11],
in-situ polymerization and solvent evaporation [12].
Among of them, solvent evaporation is one of the most
famous methods. Thus, in this research, the preparation of
PMMA microencapsulated jasmine oil was carried out by
simple solvent evaporation method in oil in water (O/W)
emulsion. The influence of PMMA:jasmine oil weight

ratio was studied.
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2. EXPERIMENTAL

Materials

PMMA (Scimile, Co., Ltd) was used as a polymer shell.
Jasmine oil (Hong haut Co., Ltd; purity 99%) was used as
core. Poly(vinyl alcohol) (PVA; Aldrich, Wisconsin,
USA; degree of saponification, 87-90%) was used as
received for stabilizer. Toluene (RCI Labscan Assay
purity 99.5%) was used as solvent

Preparation of PMMA microcapsule with encapsulated

Jasmine oil

In this study, PMMA capsules were prepared by
solvent evaporation method in O/W emulsion system as
follows. PMMA was firstly dissolved in toluene and then
mixed with jasmine oil as a homogeneous solution under
the conditions listed in Tablel. It was subsequently
poured into 1 % wt PVA aqueous solution and stirred at
800 rpm for 30 min to form the oil droplets. After the
evaporation  of  toluene, PMMA  microcapsules
encapsulated jasmine oil was obtained. Finally, they were
centrifuged at 5,000 rpm for 10 min and dried overnight
in vacuum oven. The amount of the encapsulated jasmine
oil and the encapsulation efficiency were measured with
UV-visible spectroscopy.

Characterization of PMMA microcapsules

The sized and shape of oil droplets in emulsion
were observed with optical microscope (OM; SK-100EB
& SK-100 ET, Seek Inter Corporation Ltd., Thailand).
The morphology of the polymer capsules was obsered
with scanning electron microscope (SEM; JSM-6510,
Jeol, Jeol Ltd., Japan) after coating with gold.
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PMMA + Jasmine Oil
+ Solvent

Jasmine Oil

i

Solvent

Evaporation

Oil droplet

PMMA microcapsule

Figl. Schematic diagram of the preparation of PMMA microcapsules with encapsulated jasmine oil by solvent

evaporation method in O/W system

The amount of encapsulated jasmine oil was measured
by UV-visible spectrometer (UV 1601, Shimadzu, USA).
Approximately 20 mg of dried polymer capsule was
dissolved in THF and adjust the total volume to 10 g. The
jasmine oil amount inside polymer capsule was
determined at X, 264 nm. To determined jasmine oil
concentration, the measured absorbance of encapsulated
jasmine oil solution was compared with standard curve of
jasmine oil standard solution at 300, 400, 500 and 600-

ppm. The encapsulation efficiency was calculated using
the following equation
A= (B/C) (1
Where A = the encapsulation efficiency, B = gram of
jasmine oil in the dried PMMA capsule obtained from the
UV- visible spectroscopy and C = gram of jasmine oil in
the dried PMMA capsule obtained from recipes

Tablel Recipes for the preparation of PMMA capsules containing jasmine oil by the solvent evaporation method

Ingredients
PMMA ©)
Jasmine Qil ()]

PVAsolution 1%wt (ml)

Toluene Q)

PMMA:Jasmine Oil

7% 21 31

2.50 3.40 3.75

2.50 1.60 1.25
45.00 45.00 45.00
10.00 10.00 10.00

3. RESULTS AND DISCUSSION

The effect of weight ratio of PMMA:Jasmine oil
PMMA/jasmine oil microcapsules were prepared in
O/W emulsion system by the solvent evaporation method
at 1:1, 2:1 and 3:1 weight ratio of PMMA:jasmine oil. The
emulsions with high colloidal stability were obtained in
all cases as shown in Fig. 2(a-c). The spherical oil
droplets with broad particle size distribution were
observed as showed in Fig. 3(a-c). After solvent
evaporation, phase separation of PMMA chains and
jasmine oil was taken place. The capsule became dark as
shown in Fig. 3(a-c’). Because PMMA is hydrophilic
polymer, it is easily to move to the droplet interface
forming PMMA shell encapsulated jasmine oil as a core
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[4]. The hard surface of the prepared microcapsules as
shown in Fig. 4(a-c) confirmed our assumption that
PMMA shell was formed. In the case of 1:1 weight ratio,
the spherical microcapsule with holes was found. It may
be due to the utilization of less amount of PMMA which
is not enough to completely envelope jasmine oil. In
contrast, the smooth outer surface microcapsules were
obtained using 2:1 and 3:1 weight ratio of PMMA:jasmine
oil. However, 2:1 weight ratio was selected because of
higher jasmine oil content. To confirmed the formation of
PMMA:jasmine oil microcapsule, the encapsulated oil
content was measured.
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Fig. 2 Photos of PMMA emulsions prepared by solvent evaporation method in O/W system at various PMMA:jasmine
oil (Yow/w): a) 1:1; b) 2:1 and ¢) 3:1

Fig. 3 The optical micrographs of PMMA/jasmine oil droplets before (a, b and ¢) and after toluene evaporation (a’, b’
and ¢) at various ratios of PMMA:jasmine oil (Yow/w): (a, a’) 1:1; (b, b’) 2:1 and (c, ¢’) 3:1

Fig. 4 SEM micrographs of PMMA microcapsules at various PMMA:jasmine oil (Yow/w): a) 1:1; b) 2:1 and ¢) 3:1

The t of encapsulated jasmine oil was determined compared with the standard curve. The

The encapsulated jasmine oil amount was measured method validation showed 83% recovery and 0.11% RSD
with UV-visible spectrophotometer at A, 264 nm. The of 500 mg /I standard solution. Using 20 mg dried
UV-visible spectra of jasmine oil standard solution, capsules, 4.78 mg of jasmine oil was found corresponding
PMMA solution and jasmine oil in PMMA capsule were with 72% encapsulation efficiency.

shown in Fig. 5. The amount of encapsulated jasmine oil
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0.25 Amax 264 NM

0.15 - Ml

200 250

-0.15

— Jasmine oil (33 ppm)
— Capsule (100 ppm)
PMMA

Concentration (ppm)
350

Fig. 5 UV-visible spectra of
solution

4, CONCLUSIONS

The microencapsulation of jasmine oil with PMMA
shell was successfully prepared in O/W emulsion system
using solvent evaporation method. It was found that using
PMMA:jasmine oil of 2:1, the spherical microcapsules
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NMIUTIIAT (%) = [Wya-experiment | Weapsate] X100

=(3.7686 mg/ 16.1 mg) x 100

=23.41 %
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MANHIN A

Melo



1. waIaaISnN

Melo MVINGY mulne
1. BPO Benzyl peroxide wulydanleseenled
2. CHCI, Chloroform aanlsnlosy
3. DBTDL Dibuthyltindilaurate latiaulaaesn
4. DVB Divinyl benzene lahdawusu
5. EDA Ethylenediamine ensaulaeziiu
6. EGDMA Ethylene glycol dimethacrylate onaulnanea lawmasan
7. HDMI Hexamethylene-diisocyanate nznsan-lale To loeuua
8. HYD Hydrazine loasdulululanse
9. MMA Methyl methacrylate NAMAIIAN
10. N, Nitrogen gas unalulasiou
11. MA Methyl anthranilate NateUNIIUEanN
12. OD Octadecane RRIGHGIIRN
13. PC Polycarbonate WoaMSUBIUA
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= \J
HUIAT1AN (MD)

Melo MPDINGY mulne
14. PDVB Polyvinyl benzene wod la llawudu
15. PEG 4000 Polyethylene glycol wedtonau lnanea 400
16. PLLA Poly L-lactic acid NOALDALAAANLDTA
17. (P(MMA- Poly (methyl methacrylate-co- Wod (Wnawmasan-In-lenau
EGDMA) ethyleneglycol) lnanealawmeasian)
18. PVA Polyvinyl alcohol wed hilaueanagoa
19. SDS Sodium dodecy! sulfate Taaen Tamgagamla
20. THF Tetrahydrofuran mnse'le Tmﬂ.u‘iu
21. TTAB Myristyltrimethyl ammonium ~ Ju3aa lasuTa wenTauiiey
bromide Tuslud
22.V-70 4,4 - Azobis (4- methoxy - 2,4 - 4,4 - 02 loiid (4-1UNONF - 2, 4 -

dimethyl valeronitrile

lawnanalslu'lngg
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2. HIIANATAMSTUATIZTH

Ao MYIDINYHY muIng
? o 4
1. O/W Oil in water YRPUETRCTENR
2. PIE Phase inversion emulsification [1P] ﬂa"’uﬁ’gmﬂ
3.PSD Particle size distribution mﬁﬂizmﬂﬁ?ﬂlm@l&lmﬂ
¥ ? o ¥
4. W/O/W Water in oil in water Wl lud

A A
3. HUAINTOIND

Ao MYIDINYY MuIng
1. DLS Dynamic light scattering m%ﬁmummgmﬂ
h . Y 4 9
2.0OM Optical microscope ﬂam@am‘sﬁuuuuﬂlmm
Ja 3 1
3. SEM Scanning electron microscope ﬂﬁ}’é)ﬁi;a‘i/]ﬁﬁu’élm NATOULUUT DI
1319
y 14 a a
4. TGA Thermogravimetric analyzer IA0UNDT lunT 1WA NEE U Ja
4
5p)
5.UV-Vis UV-Visible spectrophotometer insegImiia alnIng T la

a 4
NI
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B33
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08 AINIAN 2532
] 9 Aa o A 1 o a (% [ 1
116 %3 5 1ua sailesIvg dune Tuufal 33rIavouLNY 40110
a 14

YSaanes augImnmaasiazmalulag avunil

a v = % =
umImeaoma TulagssuInasys
081-7354866

Teeka06082532@hotmail.co.th

142



	01_cov.pdf
	02.tit.pdf
	03_apv.pdf
	04_abseng.pdf
	05_absthai.pdf
	05_ack.pdf
	06_tbc1.pdf
	06_tbc2.pdf
	06_tbc3.pdf
	07_ch1.pdf
	07_ch2.pdf
	07_ch3.pdf
	07_ch4.pdf
	07_ch5.pdf
	08_bib.pdf
	09_app1.pdf
	09_app2.pdf
	09_app3.pdf
	09_app4.pdf
	10_bio.pdf

