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ABSTRACT

This research aims to study the preparation of poly (methyl methacrylate-co-
ethylene glycol dimethacrylate) (P(MMA-co-EGDMA)) microcapsules encapsulated
fragrance by suspension polymerization process. The monomer droplets were prepared
by pickering emulsion method, and ZnO nanoparticles were used as particulate
surfactant. The end result was microcapsules with two simultaneous functions, long-
lasting and antibacterial property.

First, the PIMMA-co-EGDMA) particles were prepared. The use of 1 wt% of 20%
ZnO dispersed in water could provide high colloidal stable of spherical polymer particles.
However, ZnO nanoparticles spreaded over the particle surface caused rough surfaces.
Second, regarding the first step, the optimum condition was used to prepare the
spherical P(MMA-co-EGDMA) microcapsules encapsulated methyl anthranilate (MA)
which was a fragrance prototype. The monomers:MA of 70:30, MMA:EGDMA of 50:50 and
initiator of 8wt% were used and synthesized at the temperature of 60°C for 4 hours. The
encapsulation efficiency of MA in microcapsule was approximately 100%. Third, the
released control test showed that the encapsulated MA in microcapsule could be slow
released at 86% in 63 days. In the final step, the antibacterial test using Agar Disk Diffusion
method was discovered that the microcapsules exhibited good antibacterial property
after 24 hours incubated at 37°C for both Staphylococcus aureus and Escherichia

coli with inhibition zone of 2.5 and 8 mm, respectively.

(5)



It can be concluded that the polymer microcapsules encapsulated MA with
high encapsulation efficiency could be prepared by suspension polymerization with the
use of ZnO nanoparticles as a particulate surfactant. The end result was the
microcapsules that could control the fragrance release and also contained antibacterial

property simultaneously.

Keywords: suspension polymerization, pickering emulsion, methyl anthranilate, zinc

oxide nanoparticles, microcapsule
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A15199 2.1 Feg1easusenavludniureusee [6]

Class Compound Chemical Fragrance Odor strength
formula (recommendation)
Esters Benzyl acetate CoH100, Jasmine Medium
Methyl butyrate CsH1005 Fruity odor Medium
(<10% solution)
Methyl cinnamate  CyoH100, Strawberry Medium
Methyl salicylate ~ CgHgOs Wintergreen Medium
mint (<10% solution)
Isoamyl acetate C7H1405 Banana Hish
plant (<1% solution)
Massoia lactone CioH1605 Coconut Medium
(<10% solution)
Butyl butyrate CgH160, Fruity type Medium
Jasmine lactone CioH1605 Floral Medium
Wine lactone Cy0H1405 Coconut Medium
(<1% solution)
Sotolon CeHgO5 Caramel Very high
(<0.01% solution)
Terpenes Geraniol CioH150 Rose Medium
Nerol CioH180 Floral Medium
Citral CioH160 Lemon Medium
Geranyl acetate CyoH9005 Fruity rose Medium
Limonene CioHis Orange Medium
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A5199 2.1 Fheg1eansusynauludiureuseivie ()

Class Compound Chemical Fragrance Odor strength
formula (recommendation)
Linalool CyoH150 Floral Medium
Camphor CioH160 Camphor Medium
(<10% solution)
MenthOL Clonoo Meﬂthol ngh
(<10% solution)
Eucalyptol CioH150 Herbal type High
(<10% solution)
Ql-Pinene CioH16 Woody High
(<10% solution)
Aldehydes Cinnamaldehyde  CgHgO Cinnamon High
(<10% Solution)
Hexyl Cy5H,00 Perfume Medium
cinnamaldehyde
Cuminaldehyde CioH120 Spicy High
(< 10% solution)
Hexanaldehyde CeH 1,0 Freshly cut High
grass (<1% solution)
Isovaleraldehyde  CsH;0O Aldehydic Hish
(<0.1% solution)
Anisaldehyde CgHgO, Anise Medium
Benzaldehyde C/HgO Almond High

(<10% solution)
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A5199 2.1 Fheg1eansusynauludiureusevie (a)

Class Compound Chemical Fragrance Odor strength
formula (recommendation)
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(<10% solution)
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(<10% solution)

Furaneol CgHgOs Strawberry High

(1% solution)

Hexanol CgH140 Fruity Medium

(<10% solution)

Thymol CyoH140 Herbal type High

(<1% solution)
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Oil phase: Monomer + MA + Imtiator +

Water phase: Water + Surfactam
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—_—

0°C Tor 24 h

MW 2.1 nswseunedwesiulasualgamenszuIunsduATIEikuULYILaRY [14]

Monomer droplets ~ Polymerization Polymer capsules
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<M M2
K |e )’
Y F ~*
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O/W Pickering emulsion
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a !

wilsgndnduianangnaaduiviivesddadu agi3endn n1sgaduniaall (Chemical

adsorption)
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Fernonlealuaiseiuvsdlunguuedlanzeanlen dlassadawdney 3 wuuman 9
Ao (1) wwnerlnuealieston (Hexagonal wurtzite) (2) A20nsAluaun (Cubic zinc blende)
uay (3) \ndeiiu (Rock-salt) Ingeznoudadusiayey nenazdonsaumyosnousendlandeynou
Fanmdl 2.5 Gelassairanuuieneyinuoanesled axfidnvasliadosuniign uagaiunsany
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Lo q U dwlassaiauuuneslen danvausdugiuingriunndesiurateiuuy wu uily
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WALNSINAUFN AP BEMIUVDITIA [22]

aunautudrsenlaaiduansiaiiii (Semiconductor) [22, 23] fiAuaundsau
(Band gap energy) 3.3 Bidnaseuliad gandunaslugiedaniilalewan (Ultraviolet) fifn

wasudamieaeniaglvila (Exotonic binding energy) asfis 60 faddidnaseuliad A1N1517
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= a o

Tfhvila ntype wazanUAifieledidnnin (Piezoelectric) Fanaanti@naniviliinigld
oynauludedeanledlusiusg o 1wy aud@lnlauanzladin (Photocatalytic) Getiluldly
nstatintude [24] audRnisiiuded UVA (315-400 uiluing) uaz UVB (280-315 uily
i) Tinauogluniosdionsuazaiuiuuan [25, 26] UssysuToINsiTlautRfudouuniise
Tnglusudaniesasnisainyiivinvesqdunisifiegluevsvietagussy st 27, 26]

WHudu
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Undasnszumngarmswaraildnidereannia Escherichia coli (E. coli) [29] Tunsewmingamis

(%
Y a

a1 oA d' ! [ | ' = (% (3 =
wilAbeY (pH) NwanA1aiuegTEnIN 2 fe 5 fatu FedeanlenlunszinizemseEulse
ufisedunsaiolulessuves@ish (Zn?) awnsadienseiunisviaiuveteulsinisuen
Funuilia (Carboxy peptidase) mslutinueulainsa (Carbonic anhydrase) Wag LWoanegaan

lalns3iua (Alcohol dehydrogenase) ¥aalunisdeanisiulainsanazieanaged [30]
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wuAIise Salmonella typhimurium (S. typhimurium) way Staphylococcus aureus (S. aureus)

nudlunguueseyninululanseantenninuaNvinn1siny suntauIlugeReenlenuans

(% (%
1 v v Y =)

anudufivasansieqdunsd [30] Bnviadsdudsnuailsawnsuaunan £ coli laae [32, 33]
lagluademnudemsunniaeaduuaiiise [34, 35] lwienzquinluluwaduniususasasay
ognelu [36] 210ty aglusumunshauesumuedfuauiilfeaduuafiFemes 39041
nsAnuAmENTEnEuTeuuAiiaveseyneuludsdesnledarniniisuns

Premanathan wazmaz [37] Anwimnuduivveseyniauiludadeanlediuiwad
Tuselonuazgaislon nuhmardudumanvasounauiludsdoonlsdfiannsadudanis
W3iulnvendeuuaiiiSe £ coli e Pseudomonas aeruginosa (P. aeruginosa) waziie
S. aureus WUIHA1 500 500 way 125 pg / ml mudiau Iegldiauenalnainauiivves
synAuiludadoanlesseuuniiise 2 naln fe (1) msaiseyiuseendiauiiies (Reactive
oxygen species; ROS) uae (2) n1siinegnanlnda (Apoptosis) lngyinliiwadednielaniie
nARY (Stress) Aing 9 analitinAnudsniesossausznauvenwad wi tudu TUsiu waz
Aidue auviliwadnieluiian [38, 39)

Pati uazAmy [40] wanslvifiudneyniaunludsdeenledviaioieviuieaduos
wuafiSeldauysal lneluanaailivouihiiRusaduasannisaeasviaBiudumuniiueien
oonfiadulunuaiide 91miu nszduniawdn ROS meluwad ludmurnsedmeslulofidy
wazdudadlulady (Hemolysin) ansiivhatswausuvessaddadenuns lieadsindon
LAIUAN

TuilagtuldfinsiinszinnudsunlamsduguinervesuuafiFeiesann
sunauiludsdeanledain SEM vie FESEM wiomnalnnisiuidenuafisedidululs

Wesnndainlainsiauenalnnisiuireiuafiiseveteunauluddeanlyaivainvae

1%
[ =

' I a Y 1 L4 I N a [y 1 d' 1
LLG]ﬂa‘lﬂﬂ’NiJLﬂuWHﬁJﬁﬂﬂ‘lNﬂﬁJU‘jﬁmLLﬁﬁdLUuVlﬁﬂLﬂENﬂua’éJj AU ‘UQLﬁU@ﬂﬁlﬂWﬂ’]ﬂ’]’]’fﬂ%ﬁ?N?iﬂ
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G]'THL%E]LL‘U@WWEJI'J PNANN 2.6
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Electrostatic - Cytoplasm ¢g01e

interaction \\Euﬂ membran: es,
LW

e

L} NP's Intzmnliznlion of ==

®g® o0 NPsin Bacieria ool w8
0%~ disnupiing cell wal

n'.,;‘,ln

L T 't

e K_ROS Solubility of Zn?* ino the medium
containg the Bactoria

A 2.6 nalnniseiukuATSevetounIauludafeanted Lawn : (1) N15a3519 ROS
(2) msvanddes Zn? (3) nstadeuiidnlululwaduuafiiieveseyninuily

FeAvanlen way (4) nsiinusafagalniinadio

(1) msadrseyiiudoondiauiiiedh

Raghupathi kazany [41] ladnwiniseusuaiiiseainnisnaneyiuseandiau
fiedl (ROS) aneyaauiludsroanledmelisiddansilalean Tnendnguilesenlas
ushAea (Superoxide radical; O, ®) lalasiautuaseanlan (Hydrogen peroxide; H,0,) Wag
lansendausinea (Hydroxyl radical; OH®) FafeulufivsauueiiSelneaisdiuusznou
voswad wu lusfu flowe waglusiu edsdeanladgnnszduseuas awiindidnasou (e)
uarlea (h) (aunsit 2.1) deleavinuiisensuiuaslensonledlonsu (Hydroxide ion; OH)
szaslansondausinea (Hydroxyl radical; OH®) Aulalasiaulessu (Hydrogen ion; HY)

(ammsﬁ 2.2 uay 2.3)

hv
ZnO —_— e +ht (2.1)
h* + H,0 —> OH® + H* (2.2)
h* + OH" e OH® (2.3)
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Turued luianavesufaoendiaufiazarsthandusiudidnaseu vinlmandu
guiesoonledusinea (O, ®) (aunshl 2.4) FaazviuFAzendulalasiaulessuy (HY) wloads
lalasiesls@ausinea (Hydroperoxyl radical; HO,®) (@uns#i 2.5) d1lalasiUeslsda
wsireaTfiusiadulalnsauesoenladiuoandiau (@aunsi 2.6) Jsuiesoonlad
LsAreaviufAsendulelasiveflstausfreafisiusaduaziinilulalnsauefoanlediu
sandauldivuieniu (aunsi 2.7) luvaei lalaseslsfausfneaaunsninufizendu

lalasauloasuindulalasiaulaseanlas (@un1sn 2.8)

e +0, —_— o,® (2.4)
0,® + H — HO,® (2.5)
2HO,® — H,0, + O, (2.6)
0,® + 2HO,®* —» H,0, + 20, 2.7)
HO,® + H* — H,O, (2.8)

aaa [

Fslalasioudeseanlunauisasudidnaseunievitfisendugdivesoenlssn

9

wsireanaiadulensendausineald (@un1sf 2.9 wag 2.10)
H,0, + e — HO® (2.9)
H0, + Oy® § —{ HO® + HO" +. O, (2.10)

aglsinu guwesoanledusineaiulansendausinealiannsanzquinluds
wnusuliilesaniivssgiliuau [42] daiu sznuglioseenlenusireadulansendausinea

laniuiaveswuaiise Tunesaiuduluanalalasiaudeseanladaiuisariunisisas

wueiiselusunIumsvhusazvanewas lungannelminnismevead [34, 43, 44]
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2) nsUanvasslesauweides (Zn?)

nalnnisiuluaiiiseveseunawiludedesnlandnnalanis fe n1suanddes

looauveadad [30] Farvonlamiuarsusynavluluiananiiieuszquinwazlszqau

9 9

'
YY)

(Amphoteric) 3gvinUJAselaniansawazivainlimiinloesuvesded FeiminNudvans
a 1 a P % < a 1 6 a a = a v Qy
Fluana wu Wshuwazanslulawse weassanuluiwisaduuaiise douidevasauy
WuIIN1sinvesdedlessutinainnisazaisvesauniauiludfsenladludinatsiiui
Inemnuduiivreseyninuludsdeanlentusgivemududu Afiey [45] wazauaIunsn
lun1sazate annsfinwinuineunieuludsdesnlydnsaninluaniizidunais uaiins
| 2 A &
azawegenailuanneiilunsa (pH 4.5)
(3) nalndue
o ~ Ao a a a & ¢l
wannidnnalnuilaniinisiaue fie N1snzinvedaynAuluddeanleni
nswadauueniaviudVlundsiuluvesuuaiiseilvideiuwadgniinane eswinly
sununsuveseadauiiiiinnisilvaveseuniauiludedesnlendngisad [46] Xie
wazAne [47] Anwirasion1sauldevetauninuiludineanladssuunilisownsuau sl
Campylobacter jejuni (C. jejuni) IngNUAMURAUNAYDIFUFIUINGIVDIMUATLTY LLBI9N

B & o v ¢ = a =
aunauluganeentefitnatnluluwaduasnun1suanie onvesduannIsinauLAsen

panTnty hivlgevugaadeanmuazliaunsavhuinlawdeuuns

vV A ¥

2.5 9IUIAYNNYIVAY

[ & 1 1

Tutlagiulatind s desne U SWRILILIANTTNAMUNEAT WA 9 DEIIWNTTATEY
Ingfigasanaiiadiiuyariiudud lngefuamiusoinisvesgnamiduiumiulaensiy

Y CY I v a %4 ! [ LY = aa
NUANY LATANUALTAINAUY LUUAU ﬂ’]iLG]iEJ?JLLﬂ‘LJ“gﬁV!iJﬁ’]iGH\‘I i VJUUIRNTIUNAUING

a Y (3

= | ] N s ! Y] & Y ]
nsfnwegunsraelned Ingusvasdiuananiuluuegiunsussendldlunsasuind i

Wi Uaanuwuad [48] Wuanuvey [1-4] Tadusuniswenng [49] nandeidanafiuie [50]

Jusiu dndumenssmenldannisainainiiglusssuyAfiedfetunaresindfiassng ad
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waneafuly wu ddusslasvey dnaaudilunislauuas vieundunglas dauaudftielu
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nstuan wiqniden iiunenssweiiateldanganduia qgrany Tsauud ey szl
ausRty ufonsiaden Pranermslngy [51] MnmgravesasTnAmmaiTedinsianld
Tugpaminasusng 4 S1uausnn adudme aun wastheruuimg uiegslsfio dsunes
sumelishnsssmefisnilidogmsldnudu sudusonhliegluguvesuauya iesan
mmirlldlnenssayliannsafiuaumenlduiu nsiuvdesnfvasmaiiadudeu
msm’%smaumﬂLmﬂﬁaﬁﬂﬁ‘fwﬂwamzmalajfé’mﬁaﬁuﬁunﬂé’aﬂﬂamq Yadeatunmsaangdn
V9IEN3

lunisimseunednesuavgadniivaisnen aunsamisulanaroimnaiia g
nsinsenaunakAlgalagldszuukuuniuwie (Spray drying) [52, 53] lnogiwaliiiv
(Coacervative) [54, 55] M3UsgneufLUUTuagUu (Layer by layer (L-B-L) assemble) [56]
nswssuualgaluszuuingauetaivaulaeenlenvseaisustlneenlenivad (Supercritical
CO, assisted microencapsulation) N135ELMeAMINazae (Solvent evaporation) [57, 58] Whay

Y

NMSFUATIZARUVLLIUGDY [59, 60] Lazuwuudidiiatu (Miniemulsion polymerization) [61]

a s s

Funadanisduaszinedivesuvunvivassnazuuuiiddatu Wunisnseuuadyalelu
g = 9y A A da > = = a a R |
Junauiied ldldinTadiendsimune minldannenmunzausziusyansamlunisvieus
' Y = & a ada o ¢ a g o a a
Aoudvad iesmnilumelianimsdunsiginediuesiuneatoustesddivseansnmasly
[ < [ L4 = [
n1sfinivasvey lagn1sdaasiziuuunviuasgazinsoukalgalaluseaululasiuns

31NNSANYINITMSBunedlleslulasuAYyaMeNsEUILNTHLATISTRUUKYIUARE MY

£ 1

[ @ 1 a a v [ I3 Y @
ANLAU@ITod [14] WU?WNU?%ﬁVIﬁﬂ’W‘Wﬂ’]iMJJﬂE]‘USUNQN wargrunsannvansveulallu

q

a1y agalsienu madanlanannuituiinisldasanusseiauuuaafnainmig q 9l
n1sfnwuaziauiniswisunedwesiulasualganlteuninve saseiunsd wieounin
wodlwesndvwIalusgduulumaslunistosiunissiuinuuesienususasuas wodlues

welgalusenInnsdLaTeiuny Jainisdnwegieninwang Wumedamwieulaig e

'
a 1A

idesge 1 lulinsredaindon uagaunsoiiunaaudfveswalyaieseuls wu Uidauds

Y

(%
¥ =) I

[62, 63] fruldpuuAiiise [30, 36] Yesrunassanitlaloanluiniosdnens [25, 64] way

NANA NSNS [65, 66] WWumU
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JY. Kim hazaae [67] lafnwinisiassunedalasu/wundlug

(Polystyrene/Maghemite; PS/Fe,05) wuuunulazilannaiainainiininesiddatu lngld

o

wungludidusuniaveswdunsnunnuatessvedtadu nuiteunauiluwundludgnaadu

Y Y

agszninadgnimdiunazin 910 SEM uag TEM wudteunianedalasw/uundludnaunedn

1Y
v

nuauginlisey Teuneuilusungludaqueg iuRavaswedalssuy
W. Chen uazmniz [68] loAnwinisinieanedalasw/dreanlenlausalulasuauya

lngldounauludereanlenluasanusefsialuszuvinduludemedefinine3dilatu

C

laginsfnwnisinuddatuimieulalinoamgivios iWuian 200 42lus wudrvuevenen

Y

%

dfadudoutamsnNUszuna 12 lulasuns N13n381efIvesvuInfoutIeail Liiinnis
iy Mty eyneuludsdesnlandsiminnduasasussfeialanlunisesoudladu
Tusguuihduluda

J. Mater wazauy [69] lauszauanudusalunisimisunediues/suniauily

a 1% ~ & . I3 = a 1%

Aouwedntagldanninuluwiniilng (Magnetite; Fe;0,) iWuansanussmisi ngldnssuiuns
o ¢ - = a a = ¢ a I A
duamgiiuuiiasy iewssteynanediumasian/uunilng urlunsuwedn wuind
aunAuluiunilndnszatefiegiainaouuiiveteynIAN RS

o
[N

daun lunuwidelfeaulawSeunsdussuadgadnifivaisnendienssuiunis
duasziiuuwvivaey lagnisnssuveataueesmgmaliniinineseddatulagldoynia
wludsAsonlenduarsanussfaiy Fearndtazauisamisuuavganiainuiaiesnig

ADRRREATA wazitauURnIsAUTeLUATISBYaILAUgalamaY
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uni 3

A5n15ATUIIUIY

3.1 gunsaluazansiall

2.1.1 aseinleluauide

REIGEY

bN3IN

ay
819

1. WyanIAsLen

(Methyl methacrylate; MMA)

2. whdulnarealawmiasian

(Ethylene glycol dimethacrylate; EGDMA)

3. wedlllaleaneged
(Polyvinyl alcohol; PVA average mol wt

30,000-70,000)

4. wulsdaweseanlun

(Benzoyl peroxide)
5. whalulnsiau (Nitrogen gas; Ny)

6. auneuIludsdeantyn

(Zinc oxide nanoparticle)

7. lalasailuu (Hydroquinone)

8. Lawaunsidian (Methyl anthranilate)

Purity 99%

Purity 97.5%

87-90% hydrolyzed

Purity 72-77%

Purity 99.99%

- Powder commercial
grade
- 20 wt% in water

- 40 wt% in ethanol

Purity 99%

Purity 99%

Sigma-aldrich

Merck

Sigma-aldrich

Merck

Praxair

- Nano Materials
Technology
- Sigma-aldrich

- Sigma-aldrich

Sigma-aldrich

Alfa Aesar




3.1.1 aseiflgluauidy (5e)

GUEILEY N30 i
9. mmsiaimvjmu (Tetrahydrofuran) Purity 99.5% J.T.Baker
10. L:J‘Vlﬁu‘ug (Methylene blue) Laboratory reagent Sigma-aldrich

3.1.2 wsesllouazgunsniildluauide

A A ¢ ay
Lﬂ'iawal,l,azqﬂnim i;Ll gvia

1. wissmunimdnuuuldanudeu (Hot plate stirer)  C-MAG HS7 KA

2. napsganssAuwuulduas (Optical Microscope; OM)  SK-100EB &  Seek

SK-100ET
3. Lﬂ%laﬁﬂ‘uu’mmgmﬂ (Particle size analyzer) Delsa nano C  Beckman

a4, 3esaameiiotulasuiinniin (Gel Permeation Water 2414 Water

Chromatograph; GPC)

5. NA039ansIAUBLANATEULUUERINTIA (Scanning  JSM 6510 JEOL

electron microscope; SEM)

6. faudYYIN"A (Vacuum oven) DZF-6051 DZF
7. deaneslunsdumsnesunlawes TGA 4000 Perkin Elmer

(Thermogravimetric analyzer; TGA)
8. wLEIAUToUge (Muffle furnace) Size 3 GALLENKAMP

9. Lﬂ%"aaﬂﬁumm?{gq (Ultrasonicator) VCX 130 PB Vibra-cell

a2



3.1.2 wisesllouazgunsaildluauide (ve)

\n3asiiouazaunsal U B9
10. dedlaludlueed (Homogenizer) T25 digital KA
ULTRA-
TURRAX®
11. 1n3eainyuduifa (Contact angle) DM-CE2 KYOWA
12. ideatluwiies (Centrifuge) SPINETTE IEC

3.2 YUABUNISALIUIIUIY

o a a o [ ) o &
AT NUUINUIVGLUBTY 3 VUADU AU

AIENTLUIUNTAUATIZLUULVIUADE

= = a v & A wa v & A
ﬂ’]'ﬁﬁﬂi":ﬂﬂqiLmiﬁﬂW@aLﬂ@ﬂMIﬂiLLﬂUfgaﬂﬂLﬂ‘U?ﬂi‘V‘@ll'V]lla@JUWWWUL%@LLUﬂWLif;]

2

nsnadeuanUAveAUganesuula

<

NsfnyINIIAIUANNISUanUdea saNwAE N SN UBRUATIS B vaLAUga NI aula
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3.3 N1INAABY

33.1 nsAnwinismisunedweslulasuadgadinifvaisneunfiauidiuie
LUATILTEMEN T2 UIUNNTAUATIZIRUULYIUARY

dmsunsfnwanziunzanluniswssunedweslulasuauyainivais

wounfaudisuewuaiiselunuided svldeunaunludadesnledduaisantssfiamile

¥

Uy

C 3

auNIAIEWALANISWTUTEANUBIIDSWUUNNIN B3I AU FrouniAuluddoenlyn
° v o ) o @ ¢ ] v & N A &
ULV BINUNITTINAINUVDINE AN DUBIUB AL TUEN TR WD WUATI Y a8l UTUNBULSN
= A a a ¢ (= (9] < ¥
%mw’]amazmmmsaﬂuﬂmmauaymﬂwaaLmi‘vﬂ,mumimmumimmmamzmumi
Y] ¢ ! A v P v ° a a
FuAsziibuukIUaasnau Walaanziwunzauwalaziluldluniswseunedweslulas
walgasialy lnedistwazidendadl
3.3.1.1 mim‘ﬁemaqmmwa&m%
o a (v %zl Y d! ¥ a a I3
‘vmmiLmamgmﬂmmumﬂizﬂauiﬂmawaLummLamﬂu
¢ o aa a I ¢ A | a ¢ &

1aUBsUAN wiaulnanalAuNIASAM UL UDLUBS BN WY waziuulwdalUasaantyn

(%

fennandudu 4 wWesidudlasdminvewevewes Wuisauuiiselnduideidentu mag
lutgmesaidesiiduduhiifouniauiludsdoonlednszaredoy Jumisuneaueusiues
srelaludluesiisnsnga 5,000 seusourd uan 5 Ul agldasuviuassveanen
ueUBDS AN TuvILaREvamenveusieilfldadluriatunauLa Unfeqne1stalag udn
ylegluszuvaynialagldtugaasuiudufalulasiou vdruszana 5 afs 9andy
thuarunasildaslugrsmueugamgilasvhnisdaaseifigamai 80 ssrwadea 1duna

o

6 99 AILNUNINNITNAADILAAIFININA 3.1 IagtUSeuNgunUNIS IBaNTanLIIRIRIT RN
5 a A

faLdu Ao arsaranenedlilaweanegedanuuty 1 wWasiudlasuinudn sean1izlunisna

3.1

aq



M58 3.1 anneAldlunisimSsusunianediuesaienalneuyadassiuudaiy lag

NITUIUNIFUATIZAUUULVIUADY

Phase Chemicals Stabilizer
Zn0O (wt%) PVA
0.25 0.50 1.00
Oil MMA () 2.50 2.50 2.50 2.50
EGDMA (9 2.50 2.50 2.50 2.50
BPO (4 9%wt () 0.20 0.20 0.20 0.20
of monomer)
Aqueous  Stabilizer (9 0.11 0.23 0.45 0.45
Water (9) 44.89 44.77 44.55 44.55

P(MMA-co-EGDMA)

Homogenized Polymerized

MMA+EGDMA
+BPO

LA R

L] ¥ -

5,000 rpm, 5 min 80°C, 6 h

Abbreviation : MMA ; Methyl methacrylate
EGDMA ; Ethylene glycol dimethacrylate
BPO ; Benzoyl peroxide
¥ ; ZnO nanoparticle

ANA 3.1 NNSRTENBUAIANBAINTMIUNTTUIUNITHINATIZRUULYINGRY 1AgNSnTEY

NYALUUNNLNDIIDLATU
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InglutunauiiazinnisAinwinavetouniaulugeoantyn Nilsents
Aneyn1anediuesNusuiamie 9 Ao 0.25 0.5 way 1 wWesifudlasuiniin slduiuia
A ] a a ¢ v ° = a a ¢ s
MunzausonIsnssNayN1ANeaNasUAT AgvinsAnwvlinvesouniauludedoaniys
3 9l Ao wllane wlia 20 Wostidudludl wazada 40 Wesidudluleynuea tiewianiay
Mnzaslunisldoyniauiludefsenlenunuarsanusafailuuausy 1agaziiansmnain
anwUzaUNATANTULAYAULENEINIIADRADEATIBLNIANDANDS

Toenaly Tunisdaasigeunianedweiviionefiwesiulasuavya
AIENTEUIUNITAILATIZRUUULVIUADYVDINDUDLUBSNADUTI9¥D UL (Hydrophilic
monomer) 11 LufialunAsian agiineyniabual (Secondary particle) wsoayn1Anediues
da5¢ (Free polymer particle) H1uNIzUIUFNATIENRUVATATY wisTuiUNISAineYNIA
WORLLDINAN LUNYANDUDIUDINIUNTZUIUNTAILATIZILUULIIUADY FIUAAINAITLATDUT
ponuueledlniueinusanea (Oligomeric radical) MNNEANOUBLUDI IUTENINNITAUATIZI
wnianediuelsigduluul inlilanandueindvsauinlulasuasiagunluuas UsUuiu
\lesandereenlamduaisnefmurvianidenflandilnlnuanilafin (Photocatalytic) &

a a QII = ! a a U ¥ a ¥ 4! a |
aunsaiausAneaionalinadonisiianedwelsidumenalnoyyadassla feorviinasenis
a a &fa 3 ,ol o gj = o = ¥ a 6 I3
Anounianedimesdaselutuii day Jsazihnisfinvinavesnisideuniauludsdeanlas
aansiiawedmelstunssialull

1) wavasmslveuniaulugeneanlyn

deaynaunludsdoanludgnnsziusiouas aziinUfizenain
lansendaushinea (OH®) uazgUilaseenlasusinea (O, ®) FausAmoamaniazanunsasiilsy
Anoynalviviooynianedmesdasslutuilfsuisafuusineaindeuiioantiainly
peawpuawed duliu JaaginisAnviiusireaaneuniaulufsdeanles uazusinea
findeufloanuinnveaueusimes wilhiAneunanedmesdasendels Tuduneuiisas
shnsfnwmavesnslioymauiludsdoenledidrensiineynianedimeBasslutuih lns
wisnfnmadiudssenevlufemiiammeiianteuawes uaruulvdailaseenludi
a4 wWesidudlpetminvesmeuewes \uisauuiasen Whiiudedeatu was

Tutgniesdeilosiluduiivesansavargiufiduugaanuiduduy 10 WY (ppm) Ifeynia

a6



a sa 1a < H o Y 1o [ ¢ 1 a [y
wiludeAeanlenusua 1 wWesi@udlaedmin nsyateiiey yinsduasigrilbufedtunis
WIENOUNIANDTLUBS (3.3.1.1) AWHUAINNITNAABIUAAIAININT 3.2 wazan1Izlun15199
3.2 lngAnwanngnlduasuaglilduasvasyinnisdunsey lnefiansandinmsaaniuuaiay

ANUNTUYRRN AUV NaNaY waznsiinouNIANeRleTRasEluT

M99 3.2 @n1edlElunsessua N IAN AL IMENTEUIUNITALATIE TR UULYIUARE

o -

lagn13mIeUneARUURNLINS1Blaty LeAnwinavoenisideyniauily

Farponlun
Phase Chemicals
oil MMA (g) 5.00
BPO (4 %wt of monomer) () 0.20
Aqueous Stabilizer® (1 wt%) (9) 0.45
Methylene blue solution (10 ppm) ) 44.35

a wedhflausanegeduazayniauiludideanlanviiang

Homogenized

MMA + BPO

./ O UMB v ~| 5,000 rpm, 5 min
L L

Abbreviation : MMA,; Methyl methacrylate
BPO; Benzoyl peroxide
MB; Methylene blue
@ ; ZnO nanoparticle

MWA 3.2 MIWTENRUNIANDALNBTMENTFUIUNITAUATIRUULYILADY 1aENI1inTaY

weawuUinne3dtatu Nldeynmauiluddeenlamduasanussiania nszaies

aglutuiifuiduugludufiames
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2) NABIRITEIUULNTEN

'
v aa aaa [

Turaiphnsduasigrinediwes Wedsisuuiiteneglugaumgin

U

[

winzauazwaniudunsinafiosaaslafuLausLles FausAneannATU ARRUTDDNNN

a6 o

Anufiseriuansdunid hliAnmsaanedld JaazvinisinuriusineavesiisiEuuiisen
fnsedeufieanininnueaueuamesuasidnarsdunisiegluthwiels Taswieumuuleda
Waesoonladiinnududu 04 wWesidudlasthuiin azarslulaseneuauwduidoifoaty
i nIsuiduugiinnududu 10 Afduazanglu 9indu dasisaesnaauu madly
nfunauuardndoanensdalay udwilieglussuuangnialaglitugaaduiuduia
ulmsiautszana 5 50U 9nty theadunauldadugrsmuaugungll TWoumgd 8o

IS [ Y A 5 &/ Y LY N
peAwaldea Wual 6 Talus IUﬁﬂ’]’JSVI‘lE‘,ﬂ‘ULLﬁ\‘i AILNUNTINAITNADDILAAIAINTINY 3.3 Ly

an1elumsen 3.3 lnefiansanravesiisisuuisennnanududveuniauug

191991 3.3 ﬁﬂ’?’]%%lﬂﬂﬂ’ﬁﬂﬂ‘iﬂ’mﬁmaﬂLLiﬂﬂ@ﬁﬂ@ﬂWﬁLiNﬂ{]ﬂﬁEﬂ

Chemicals

BPO (0.4 wt%) (g) 0.40
Methylene blue (10 ppm) (¢) 0.001
1,4 Dioxane (9) 40.00
Water () 60.00

Heat
0.4%wt BPO+ ) Y
Dioxane : H,O (40:60)+ 80 C' 6h s
Methylene blue 10 ppm (Dark)
®© ©

AR 3.3 NIANINAUDILSAADAUBIAITISUUSNTEN

a8



WaennsdaTgiLuuLIuasemgnalneuyadasy dniin

aunAnedesdaselutuln MNNsNldasantsRmeiarineyn1ALNUATITAALITIANHILUY

(% ' [
U 1 a a a = a

WLy AmdeunAnedleTdasyiiintulziianuaiiosin wazazluaaduagiiives

Dee

aunAnedwaisraululasuns iWetudunsiineunianediweiivivsesynianediueidasy
luguin 3wvihnsAnvimniminluanaveseuniansdiwesnuaiiindu lagvinnisinie
auNIANAWTIaNIASIaN Fellsreazidenanil wssuignimidudsznoulumeiuiamm

Astan wazlvuledalaseanlennainududy 8 Wosiduslasviminusaausies Wudmsisy

[ v
o o

Uitselwlutdedeaty maduignadodesiifuduihitoymeuludsdesnlednszaned
og faannylumsed 3.4 vhnsdaasgmduiisafunisiedoueyaianedimes (3.3.1.1)
MAINITENATIEA UeynIANedAialNIASantunsastas aulAwiAs ntuhluniinen
Tuanalagldinionaameidiotu Tasunlnnswl (Gel Permeation Chromatograph) Lilav
ﬁgmﬁfﬂimaqmaﬁ'aimﬁmﬁﬂ (Weight average molecular weight; Mw) wazlagd1uiu
(Number average molecular weight; Mn) 983neaiuesiidaasizildlaoiussuifiou

Retention volume ¥asnadiuasfiiageiuansuInsgiuveanedalaiy (Wntinluana 2,500

5,000 30,000 L@z 600,000 n3usielua) Inelan1izsaselud

Injection volume - 20 lulasang

Analysis time : 30 W

Temperature - 40 DIANYALTYE

Detector : Refractive Index

Flow rate . 1 Uadanssound

Column : Phenogel @snaduifoaunsuiu vu1n 5x10° A°
Mobile phase : Tetrahydrofuran

a9



M58 3.4 aneldluniswleusunianefiufiawniasian MeNseUINNTELATIZIRUY

wruase lngldaynmaunludsdeanlanduasanusfiam

Phase Chemicals

oil MMA (g) 5.00
BPO (8 %wt of monomer) (9) 0.40

Agqueous 20% ZnO in water (1 wt%) (9) 0.45
Water (9) 44.15

a a

33.1.2 niswmssunedueslulasualyadnifuiufiawaunsidianaie
NILUIUNTHAATIEIRUULYIUGRY LAsnsieTeumenluuinnesdsiaty
lumswmisunedweslulasualyadniiuiuiiaeunsifian doe
NILUIUNMTAUATIERULUULIIUARY VINNISATENEndauamasmemaiaiininese Bliadu
Tneldannzimngandesiunduneui 33.1.1 Insasnauiufiawounsrfandumveuay
lufpgmathify werldeynaulufsdoonlasiinsvaesludnduigniesoiios Feduneums
wpNTEALoLale warMIuATRiTuRnIUN ST UL TS ene Y aludunoudl 3.3.1.1
Fausnmlunmd 3.4
Tneludunevilazinnisinuniladosne q Allnasenswisunedwes
lulesuaugadnifuafiowouniiandeelud
1) §aTduneuaefamialaunsilian
Tuduneutiagsnsinudandiuseniraeusiesdeowiia
waunsiiandl 80 : 20 70 : 30 wag 50 : 50 Wosidudlanthuiin drannglunised 35 e

Nasanmasiogusuazdng e vemedweslulasualya wWesdudnisussquazilosidus

AIfnAUL Ak UNI Tian
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P(MMA-co-EGDMA) shell

| MMA+EGDMA |
+BPO+MA |

v v 9w v

Homogenized Polymerized

5,000 rpm, 5 min

Abbreviation : MMA ; Methyl methacrylate
EGDMA ; Ethylene glycol dimethacrylate
BPO ; Benzoyl peroxide
MA ; Methyl anthranilate
&) ; ZnO nanoparticle

2NN 3.4 LLN‘L!ﬂ']‘Wﬂ']’iLGl‘%‘EJlIWEJaLllEJﬂlIIﬂiLLﬂUﬁaﬁﬂLﬁ‘ULNﬁﬁLL@umi’]‘aLaﬁlﬁ?EJﬂiS‘U’J“L!ﬂ'ﬁ

AUATILILUULYIUADY LABNITHTIUNLARUUNNLNDS DL AT

¥

a A = a [ [ < a a
19199 3.5 ﬁﬂ?'ﬂ%ﬂiﬂﬂﬂ'ﬁmiﬂmwaﬁLN@ilNiﬂiLLﬂﬂfgaﬂﬂLﬂ‘ULlIVlﬁLL@L!VIiTL!LﬁG\WJEJ

CV

NT2UAUNITAUATIZRUUULVIUADY LAUNITIASIUNIALUUNNLNDS 19sTaTy

NonTIEIUAN 9 VosueUBLLDIRRaLaUNI AN

Phase Chemicals Monomer : MA (%ow/w)
80 : 20 70: 30 50 :50
ol MMA () 2.00 1.75 1.25
EGDMA () 2.00 1.75 1.25
MA (9) 1.00 1.50 2.50
BPO (8 %wt of monomer) (g) 0.32 0.28 0.20
Aqueous ZnO nanoparticles? (9) 0.45 0.45 0.45
Water (9) 44.23 44.27 44.35

a sunAwludereenlyaviln 20 Weosidusluu
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2) danduufiawmasansielefiaulnanoalawniasian

Taghlulunmsinisunedweslulasuaugainifivaisvousiis 1
Tagendnalnmsusnigaamelu axlilaueuswesileusrsuniletioisanisusnipaiaves
aelewodeiAntuanniswedelsieduniglunenuouewes deenaiinanesusng dugu
e wazanundaussvosuauga dafu ludureutagyinnsfinudnnduesiiowmaiian
sowefidulnanealawmaiian 7 80 : 20 70 : 30 uaz 50 : 50 Weddudlaguiin fanizlu
15197 3.6 LileRinsansavesUBnalasusieiiensiaun iflnadeanuudusswouuden
wodwes anvazlulasualya Wesidudnisussguasmsiniiuiiaweunsiianlunedes
Lulasuauga

¥

A1397 3.6 an1azdldluniswIeunedweslulasuavgadniiviuiiawounsifiianaie
N32UIUNTHUATIZIUUULYIUADY lAgNIsinTeungaluuiinineTiddady

Nons1dua 9 vesmiiawnmesiannsteiidulnanealawneaiian

Phase Chemicals MMA : EGDMA (%w/w)
80 : 20 70 : 30 50 : 50
Oil MMA (g) 2.80 2.45 1.75
EGDMA (9) 0.70 1.05 1.75
MA (g) 1.50 1.50 1.50
BPO (8 %wt of monomer) (g) 0.28 0.28 0.28
Aqueous = ZnO nanoparticles® (9) 0.45 0.45 0.45
Water () 44.27 44.27 44.27

a synawIludsfeenleniln 20 wWesigusluul

3) Ysunauisisudgnsen

'
aaa )

M1N13ANIUSUIUFITITUURATET 4 6 waz 8 1WosiFudlag
[ 3

goj Y s A a a2 U aa aaa 5] A o ¥ s
UTNUNUVDNNUDUBDLUBT LW@Wﬁ]ﬁimWNa“UEN‘LJilI’mJG]’J5LillﬂﬂﬂiEJ’WILV&J’]%G&JVW]’]TIH@LU@%%HW

msasuneusiwesluilunediues (%Conversion) gifign
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4) gaungiuagiianlunisdauaszs

W9991n@1sreuaIuIsaseineladng Faenainnisseelelu

[
a

s¥nIIn1sduasginaamgligs inlilszansamnisiniivanas dadu luduneull
AyNsAnwgnN UM IELATIEN 40 60 uaz 80 Barwadya wazIATlUNITANATIEVN
4 6 uar 8 TIlug LiefiATINAvRIguUMgTnazIalunsFRAT BN sa YTl

¢ & & A < a & = aa ¢ & & v & A P
LiJaSLszummsLUasmmauaLmaﬂULUuwaaLuaswqwqﬂ IusumwmmaimummiﬂﬂLﬂumqqma

3.3.2 MivedevandRveteynruIlugReenteiuasnedweslulasiauea

3.3.2.1 mMvadevandiveaseunIaulugReeanlen

o

nouihayniauludsreanledaiasiig o uldiluarsanusefieia
wvhnmsvadeuautRewiy feil
1) auweunA miﬂizma&"mammﬂLLawi']ﬂa']mﬂuUim;ﬁﬂa
TN UAIALAZN1INTEAERIYRtRUN AU LT RBN YR

wadan1sInnIsnszidas Ngamgivies lnenszatgeyniauluddeanlenlulingy uay

Y

v Y

usaniluiianidnsnss 40 wosmage Wuan 3 undt dwmenuduuszaiiniadeomaia
Zeta potential
2) yududa (Contact angle)
NeAA13LINADBTBIOYNIALILUTIAB DN YRR UUNITINELAn

a

Wnlvaufiaaumgil 80 asrnwadua auwis udthbuinyududalaenanssandladuuusiuees
& v [ < < ¥ Y 1 < a g A !
wsaslvinsaiudy vy liiveaidvegiuameduyseana 0.2 lulasdas Nt deuuyiy
Meedulilauneatl deguneaiuuLunsanalantaI InLuTesveIaINnsEiniu

JYUIUFIBYS

53



33.2.2 miwmaauauﬁa%awaaLuaﬂﬂﬂﬂmﬂ%ﬁaﬁ’mﬁuLu‘ﬁaLLaumﬂﬁLam

[

dowSsunedweslulasuauyalauaiazyinisnageuan i 4 fail
1) suhardugingvemedweslulasuauya
dmedweslulasualyainieulalu@nwisusisuazdnyay

Fuguavemendosganssadwuulfuasiarndesganssmidianasouluudensin Msn3ey

<9 9

[ ¥ 3

agedmsundesganssalkuulduas whnisneeasuvinasgveanediwailulasuauya

o_)e

[
Y

NINDULALVAINITAWATIZT 1-2 NUARIVUNTLANALAR UAPIENTLINUAALankaEnSITnA1e

[

Adsvenefiunzay dauniswssuiiegidlagldndesganssmiBidnasounuudainsin ezl
wodweslulasuaugaimnssulaluinliwislugevagainiadunal 1 fu newinualea
LUTsgaunLNUAISUBUIMUNANDE UNLININNAIBE19 kagyiNIsiAiauwAUYan18MDIAT
INTUY NAFBURIDE ARV ML AL
2) nsnesidudteuswesivioulyilunedwes
o & [ ¢ o a =
\Wieduann1sduATIE Wiansuvinaesvemedieslulasuauyal

a cYeld ¢ = ¢ & a ¢ v Aa & a &
wisulatunesiguanisasuususilasidunadiuasyiud Tunsain WUBUNIANDALLDT

v =

lidviuaisveyn yinstsdiminansuiuasgvetsaunIanediuesussann 1.5 nfu (Jud

d‘ a

Ut Nudueu) uarilvsuiaumgll 80 aeAlaLTd IUUMUNAIN 1IN UIUTIUED

U

Junnumdnuaseu (W) draalalumuialagltaunis 3.1

(Ws i W(BPO+ZnO))
%Conversion = x100
W,

(3.1)

1un5zﬁﬁtﬂuwa§Lmi?lmimt,mﬂsga PIN15VIUINUNENTHUVIUABY

a

voanedmeslulasuaugauszunn 1.5 nfu (Guiindminfiwiueu) udnilveungungil 250

Y

a

sarwalded Wuna 20 widl Werdnansven wddsimilnudieu Mntuiilvwnieumgl
500 espnwadea WWuan 20 wiil Wiemdanedwes uddsiminudan i minvdieui
gaunil 250 esAmngaldya aufudininuasuingumgil 500 esetwadea azlauivin

woRaINARTY (W,) themlalumuinlagldaunis 3.2
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Wp
%Conversion = — x100
W,

(3.2)
We W, Ag UnNNA1881991LR801a931NN158 Y

Wigpo + 7n0) AB UI9TIN BPO + ZnO

v
A o L% s

Wi AB UNUNNBDUBDLUBT

[ !
A o LY a

W, fie dwiinwediuesiivdendainniseu
3) nsnasiguanisusIguazilasidudnisiniivaisuenlu
wodashulasuAUya
Mnsiesgsimdsuaesanmvenlunedueslulasuaugauay
\Wesiiusin15ussq (%Loading experiment; %L ) fepseamedlunsiuninesuilawes

a

1A83LAsIENTIaUAd 30 B9 600 a9AaLTad LAgldonIINITEIAAINUSAUAINT 10

9 Y

ssAngadaanourdl neldusseiniaufalulasiau diulasifudnisussaniavgeg
(%Loading theory; %Ly, @usamuinlaainaunis 3.3
W

W, x%Conversion
100

%Ly, = x100

We+(

(3.3)

Lﬁ@ WE e W, ﬁ@ ﬁ’]‘lﬁﬁﬂ‘ﬂ@flﬁ’ﬁﬁ@iﬂ LLﬁgllEJ‘LlEJLN@%Q’]ﬂﬂﬂ’]'}%ﬂ?i‘W@ﬁ@\‘l mmﬁﬂﬁu
| a a [V <@ = § @ & [V <@

AIUUTEEANTAINAITANLAUAITUOUNTBLUB LI UANITANLAU

A11150AUILARNANNIS 3.4

% I—expt

%Encapsulation = x100

%L
(3.4)

4) mamUsnauazIuIavateunIAnedesBasEluinnateillos
o ay v v v o y a v
answiuasenlanasInnisdnaeiluinnistumiswiey

LI (Centrifuge) M19M3 52 3,000 saUADWIT Wuian 15 Wil asuvIuaesIziin
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nskenTusENINNediesualgaivaunIanafiueidasy intuvunioynianediueidasy

a

lUauNgaumall 80 aerwalfed WUIMINAI IINTUALINMIUSINMOYN ANDRLNR DAY

Y

Tu}ig’]ﬂ’lﬂﬁiavﬂaﬂ (%Free polymer particle; %F,) l9anauns 3.5

Wep
W,,x %Conversion
100

%F, = x100

(3.5)

d' & H o a sa o oA a A o
LB WFp 3] u’]WUﬂ@HﬂWﬂW@aLﬂaiaaigiuqaﬂqﬁ@@Lu@Q‘V]Lwa@‘Waﬂ‘ﬂqﬂﬂqia‘U

W,,, A U1rINLauellasaINgN1ILN1TNAaes

3.3.3 n1sfnwin1smIvAun1sUanldesansveniasnsiueuaiisevaslulag

wAUYa

A =

Wednwiaudululalunisidmmedneslulasuadgailaluldau

wyhnsanwUszansamlunismuaunisvanddesansvenveslulasuaugaluan1izdiaes

wazUseansamlunisiueiuaiiseidesainauniauilugereanlennvuegiiiveslulas

9

waUga lnelsigazidunsiail
33.3.1 msfnwinsauaunisuanldegansvey
TunauN1sAn¥INIsUanUdesiiaweunsdianannnadiuesiulas

waUgawIeuls wansianmd 3.5 lnginediwesiulasuadgauwis Ui 0.1 ndu (Juiin

dminfiwiueu) ldviafidun 20 fiaddas a1ntu fAvislinaamgivies lngaziiudiegaun

Y

[ [

wsreninn 9 7 Ju wem 63 Tu nndudmedweslulasualraluiinswvividinanuiia

)

weunslianfiviesgmeiasauveilunsniiuminesulawes
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l

Room temp, 63 day

Capsule
- % Remained encapsulated MA

Dried capsule 0.1 g + H,0 20 ml
AN 3.5 NsAnwinsUanUdesveuifiakeunsidianannnediueslulasuauya

3332 m'ﬁﬁﬂmmsé’wm%aLmﬂﬁﬁmaﬂﬂﬂﬂmwga

o wa v & a a a
NINIINOFDUANUNNITATULYD LLU@V]Liﬂm@ﬂW@aLN@ﬂuIﬂiLLﬂﬂﬁam

= Y a a a . . .
w3sulAfuLUATIEBLNTUUIN Staphylococcus aureus WagWUATISBLNTUAY Escherichia coli

(%
a

Tneiisnuasldansa
1) NISLHSUULYDRUATILSE

N5 leLtanuaiseluairsaswdiaiad Nutrient broth wag

lUvnigamadll 37 ssruaaded [Wunan 18-24 Falus wuaiiiseasdulalaedaunnaineims

3

Foudofiduru 9intu ﬁwlﬂﬂm&iaiuﬁﬂm%&mwLéushmuamqmmﬁ (Shaker Incubator) 7
gaungl 37 ssmuwaidea Huaen 3-5 $2l lwefishanda 150 sousiowd 9ntu vhnsus
AruresdeuuaiiBefinienldde snsdsadewad Nutrent broth Insidsuiiteufu
AUYULINTTIUAILANTALABUINTZIULUANITUAUA 0.5 (McFarland Standard No.0.5) A<

AN 3.6 BawuanSenUTuamuguIzdLuafiseUsrann 1.5 x 10° uulaladiintude

1aaans (colony forming unit (CFU/mL)
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£ ) PS Nutrient broth

a ~ 1.5x10° CFU/mll
o Incubated 1=
‘ Incubated 37°C,3-5h ‘
_ ‘ 37°C, 18-24 h _ J Shaker incubator _ J | ‘
: 150 rpm .
i Nutrient broth Sk e AT McEarland

Standard No.5

nl' = & N a
AN 3.6 ATLRFYULYBDLUANLIY

2) MsNAdBUNISEIULTaRa8ATeNn SRR ANTITY (Agar disk

diffusion)
nageuNIFTeIlesiuseiinisunssiuiad (Disc diffusion)
@ o yUasann CLSI, 2009) L‘fJUﬂﬂimiﬂﬂﬂiBQQWéﬂﬂigvgﬂL“?’JlaLLUﬂﬁL%EJ‘UENI%JIﬂiLLﬂU“Qﬁ
Jostuiilanldenisnageuniold Tngvnnisasdelneldliwudausiaainde (Sterile
cotton swab) ﬁjm%aué’aﬁmwammuazg (Swab) Tiuufiamthenmsiasadouds Nutrient
agar 9MNTY ﬁﬂﬂmmwgaﬁLm‘%aﬂé”mawul,wiuaaﬁ (Paper disc) (WunALEWHIUAUENAN 6
f0flng) wareunuRatuuiavtevnadsnde andu hlunfiguvadl 37 ssmiwaida
Tuaanglduas (rnuduuasd 15 guuudednd) Wuan 18-24 dalus inistalsunsduda
(Inhibition zone) 1A 34 5 6 wag 24 Falus danndl 3.7 InsTnvuraldainaunisi 3.6

lnsSeuiigusgnitwalganiouniauludedeanlanvuniiiuualganlideyniauily

a (3 § @ U
Feroanlemdusniuay

(3.6)
We R, AB SANN1TIUGLYD
D. fi® tduruaugnansuaala

D, fi® tduNUAUENA19UD Paper disc
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Clear zone
Incubated
r\ 37°C, 18-24 h

— \ 4 Light condition

Paper disc . X
(D=6 mm) PR (Intensity = 15 Lumen/W)

Nutrient agar

P ax o X v ax sa _ ca A o
AN 3.7 WTNAFDUNITANULYDAIEITDINTAANANNITU

3) N1INIAIAMUTUTUAIgANA1 LT TUEIN1TLAT YV L TBLA
(Minimum inhibitory concentration; MIC) wagA1A1MTuTUsNdnNa1u1T09 1150l

(Minimum bactericidal concentration; MBC)

¥
aa

MR TUAaaN AN saduginisiatyvesela Mels
Lulaslnmesinanusenlagdu (Microtiter plate broth dilution) lagiuadgandeyniauily
Fadoonludiuiiiuwauyainlifiouneuiludereanledluimuauunidenieeimsiies

1%

o Tryptic soy broth Tudhwaizideans 2 wih (2-fold dilution) Airududusus 1.56 - 100
fadnfurefadans 91ty Tunansadadied1afidoarsnds lalunanquidende (Cell
culture plate) nguay 100 lulasang uazifindouuaiiefiviin1suiuamiueu neifeudu
AUYULINTFIUAIEAITALAIBUIATTIULNAYTLAUALS auay 100 lulasans Laeld
g1UFruzuiasgruidudanluguuauan (Positive control) ﬁwlﬂﬂm%aﬁqmwgﬁ 37

a

sarwaidea luannelduas (uduuasd 15 guusadng) WWuan 16 Flue 9ntiu i
ansavanenislelelalulnswmseledeullewan (Piodonitrotetrazolium violet; INT) .y
d13U9Tn 5193 yresuuniise (Biologically active organisms) winiin1siasaivlnveciie
wuailide aunsaidsuansildididuasiialy Tnedudinududy 20 fadnsudedadans
U3uns 40 Tulasdns asluvauidsadouasihluusiofionmad 37 sseiwaidoa uia 30
uit imssumannudutuvesiegusaznguitliuasuduauns wanadumanududy

° d‘ v a & 14 [ d‘ o 1 o & d‘ &
G]']Z‘jm/lﬂ']ﬂﬂiﬂEJU‘ENﬂ'ﬁL"\]’iQJfUENL“UEJI@ (MIC) Agn1nm 3.8 wagynnIsageunelngl Nl eLe
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(Loop) wnzlunguideaenlidewduduns 1ule (Streak) asuupmnaideadauds Nutrient

a

agar UnlUvufigaumall 37 eseai@ea Wuan 24 Halus Tuaniglduas (ruduunasd 15

U

awusiadnd) dunanisldnunissgiavlnveslaladuuitemsidesisuazsunaniny

Y v Y A - I3 ' Y v o N & Y Y
L%N%U%@ﬁﬁ]i@ﬂﬂﬂﬂﬁﬂmmmL‘Uaiﬂ LLamL‘UummmL%N%UWE}@VI&’]@JWE&J’]L%QIW (MBQ) 4

a
AINN 3.9
Sample 100 pL
»
* Bacteria 100 pL . INT
J f % 20 mg/ml,
40 pL
2-fold dilution /S J MIC
£y / Incubated /
M1 37°C,16h Incubated X% X
’ Light condition % 37°C, 30 min ﬁ@
(Intensity = 15 Lumen/W)
Sample Cell culture plate

(Tryptic soy broth)

ion : INT ; p— lodoni ium violet

AW 3.8 MImAANutuAgaianIsadugin1sasgvesdeld medslulasinives

wanusenlagdu

MBC

\ Incubated
37°C,24h

% Light condition
A2 (Intensity = 15 Lumen/W) e 7 N

MIC Nutrient agar A 4 B,

A9 3.9 mMamAenududuigafiausadneld MensleeatuueInsRERTeuT
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uni 4

NANTSVNAABILAZAISTIVISUWIINTTILATIZH

4.1 msAnwnswsenlulasualgainiiuarsueunlsuifdiudawuniiitedis

NSTUIUNITHUATIZRAULUULYIUADY

(% (%
a v ¥ =

Turuideilldfnwiniswseunedweslulaswavgaininuaisneuniian UAd1uLae
wuafiseiouluUszandldnulugaaimnssuaiunig o ngldnssurunisduasizinuy

= = a 9 = v vy a
wuiuasgdulunszuiunmsnisunefiweslulasualgalusedululasuns alasuaiuiey

1 ! = < s o ! = a a v o= o w 1
pgeuNINATY Lesniunszuiumsiwsendie dussansamlunisinifivaisdidaeing 1
& A | a % DN a & s o aa

a9 wazudinsredsindeu lngldwiauwmasianduneusiuesvan tefidulnansalaum
a & ¢ A ] a s & uaa aaa a a &
AsanduteuaesweNs 1wy wulsdaeseenlendudsisuufise) wiaueunsiidasndy

a s

arsneusunuy wazldoyniauludsdoanlamduaisanussfisdivinoyniamemaianis

a

Wwisameauouele fLUURinNe3dTatu Tnsdunszvingumgll 80 ssrmiwaldua e 6
Hlus deFldanusouiniGuuifiteasunnduueyyadasy ueusiuesaziirundeaeldly
uamuenyingn meldvemediue fussaiauounsnfiavlianninarmedudefeaiuld
JuAamsuenigmanieslu InenedimesazindeuiiosnindnFosiuduudeniuasveul
el
Tneludumeunsnlsvhnisdnuanmefimngaulunisioveymanediues il
nsinufuasvenshenszuunMsdaassituuwuase Weldannevnganudiazihluly
lunsindsamedweslulesuaugasiely TnefiswasBondail
4.1.1 MsAnwIMseseleunIAneiiies
Tuesiulddnwinisiioneynianediwesaunssdululasiuns iom
anmeivzandianunsainiouoynansenaufiiauaiiosmaneaassie lnegldeynia
wiluGadeanlenduasanussiamaviinoynia lnefinwiraves
4.1.1.1 Ysunavessuniruluieheanlen
UTunaeuainuiludsdeanlanazinarionnuiafig suesaunia

wodwe3 Wednwnaveseyniauludadeanlaniuiunn 0.25 0.5 uaz 1 wWesidudlaguimiin



= Y % a a & oa a ay _a s Y v s & &
Wiguiuansanuseisiiviianaudy fe asazaenedlilaweansgeanaududy 1 wWesigus
lagdnidn wuitluynannenismaaeslagsiuiuassdviguimilouiiuy Ianuadosnig
ARARBENEY wazkinun1siNziiiy danmi 4.1 (a-d) WethasuviuasyveseuAANeaIles
Ludumiesfignsngs 3,000 seusowdl twnan 15 widl wuinlunnaniazn1smaasIayniea
wodluasanaznauadauans lesandanunuiktuinnu willslinedldaueanesed
Duansanusafiaiiy wudituisnuuuasgu wansifinisineynialminiseynianediues
daseludui fAnnd 4.1 @) Fadndiunalnnisiineyniauuulenius (Homogeneous
nucleation) lunszurun1sdaszsikuudtadu (Emulsion polymerization) wastuiunisiin
aunAnedwasindunalnnsiineumeanislunen Wesnluseninanssuiunsduaseg
s H | @ oA vy A o a d' =
waualeINTeUN VNN TRaratluignasiewliedld Wellouyadasvimdeuiieanu1ain

neaNauees (Radical exit) agilianedwalsieduluigniaseiiesls Tunansaiuday

1 b2 ¥
a a

deldouninunludadeanlediluasanussfialdaiivnusuna wuirduiilavasldnueynie

9

(%
o 1Y

dasylutuin Asnmd 4.1 (b’-d) Wateunanediwesiunsiraeudnvausdugiuinginie

v ¢ % I A 9y an a s & = a v s
nassganssadkuulduas nudndleldnedliiausanesediduasanussiialy laveateuailes

a =5 [ a o @ ::4' A A 9w
wazaunIAnedesanwsllunsinay Raseu AN 4.2 (a uwag a’) uwidleldoyniauiluy
Fedoonlyai 0.25 Wasidudlagunin ianeaneuswasudiunliidunsinay Jauiay
Wesnndusuaeyniruiluddesnlenliiiemelunsaniladneaueuawes A 4.2
(b) vinlvmdenisdaasielaeunianediuesnivuintvg Awn1ni 4.2 (b’) 18331nAAN1S
v s v =~ =3 A A a

SIUAIvIEANBUBLLSITaIRHAYMER g TUINTY whldlaLiuUTuIMYeIaYAIAuIlY

a ¢ v v a A ] P~ Y] ~ 2
Feaeanlen neunianedweinidnvuzilunsinay Jvualusyaululasunswasivunign

P A |a =% a a o 9 Y a v o W A
QN Lu@ﬂ'ﬂ']ﬂuﬂiuqmsﬂaﬂﬁqiaﬂuﬁﬂmﬂm?LWENW'E]‘V]ﬁ]g{]@\‘lﬂuVLiJI‘ViLﬂ@ﬂ']si'lllG]'Jﬂu NN 4.2

A A =

(c-d waz c’-d’) Wediasandalesiduanuouswesivaouluilunediues uazn1siineynin
a sa S 5w d' 1 5 =N\ s [ a A X oA
wodesvasglutull A9 4.1 nuiesidudueuswesitdeuluilunefwesimuiudie
Usunavaseynieunlugeraantenuduiaslinveynirdaselutunn A udanldoynia

uludereanlann 1 Wesiudlaetvin Wuaneimuiza
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ﬂ’W‘l‘ﬁ 4.1

ansuvIuassYeseyNANEA(ianmAsan-la-tefidulnarealawynesian) fees
FhenszUINNMsEaRTIEiLUULYILasY (a-d) ABu wag (a'-d’) ndsnsdumiesd
Fn5157 3,000 saUsaU Wuan 15 uil neld @ wag a’) wedlillawsanased
(1 Wesduflastwiin) waveynauludsdoonlasdivnme q (Wesifudlng

1win) : (b wae b’) 0.25; (c wag ) 0.5 way (d way d’) 1 Wuansanusafamn

ﬂ'W\Iﬁ 4.2

Optical micrographs vasvgnNauaDs (a-d) kay BUNIANDA(UTALNIATIAN-
ln-edidulnamealauniasian) (a’-d’) Meseulaely @ way a’) wedlada
I3 i, o Jo 4 ) A & s a '
woanesed (1 Wosiudlaguinin) kazeuninuiludedeanlennusuiueig o
(Wasidualnau1vin) : (b wag b’) 0.25; (c way ) 0.5 kay (d waz d’) 1 vWuans

ANLIIRIR
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a59fl 4.1 Wesdusueuswesiteuluidunediues wazsUSinaeymanediwesoassudy
unlunsseueynianadiufiawniasian-la-eiidulnanealawniesian) Iag

NILUVIUNTHUATIZVUUULYIUADY

Stabilizer PVA (1wt%) ZnO? (wt%)

0.25 0.5 1

Conversion (wt%) (+SD)’ 95 (x4.93) 47 (£21.28) 77 (£3.21) 100 (+2.89)
Free polymer particle 7 (+0.14) - - -
(Wt%) (+SD)’

a synAuludaReenlydyilngg

* AndesunanggIu (n=3)

4.1.1.2 sliaveseunuiludideanlys

nmeaediute 4.1.1.1 ladenldoynauilugenoanlonviinmei

= o

1 WosWudlasumindadivsunanieseinzdesiuliliveaususwes/eyniansdiuesiin

]
=

v o )~ s & & s a o a s & v o =
N133IUNINU LLagllL'lJaﬁL"Zju@lla‘Ll@LﬂJaﬁLﬂﬁﬂu‘lﬂLUu‘Wf’JﬁLllaﬁgx‘i‘l/]ﬁﬂ SLUSUUG]@UUVLWVI']ﬂ']ﬁﬂﬂUW

gilavasouniauluTdeanled 3 wila Ao wians ¥lia 20 Wesdudluln uway 40 Wesidudly
= a 13 oA % a ¢ ¢ a
lonuea lunismseneunianediued nudnlleldauninuiludsdsenlodviinneiaz
20 Wesidudluu awnsawsenoynianedweslaaisuwivassduyuimiioutiuy e
a ¢ ' v v v = U =
ysNAeanaLngs karlinunisiniedaiu AIn1nn 4.3 (a uaz b) ualdanunsawseteunia
wodwoeslalleldouninuludreenladuiin 40 Wesidudlueniueailuasanussfiain
Fanuinfanisdushiuduiou dannd 4.3 () WethasuniuaseveseynAnefimesinies
Ioludumiesiidnsngs 3,000 seusiownd Wuran 15 wil wudilunnanmienisnaaesounin

[ d‘

nodweinnaznauogiuasnarsuiila liiineynienediueBasy funmd 4.3 (@ uay b))
deveumanedwesniealdlunsieaeudn varduguineriendeanssmiuuulfias
wuinldneauousiuesuazeymanediuesildnvazidunsinay #1vgese 1eaainven
upuslesuareynanediwesieunauludsdeenludnsyaresegiin etestulalmiin
sty fanmil 4.4 (a-b uar a’-b’) Tsaeardosiudnuasiuinmeueniidinwainnies

fa & ! v =
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gaunniUsEaa 100-250 RerwaLTed LLazmsamaé’aﬁaﬂﬁaaaﬁqmmﬁﬂismm 250-500
ssrwadua WWunsaasfivesnedtufiammeadian-laeiaulnanealawmesian) wasd

gaunnigendn 500 asrwaled wuindounawiludsreenlydinliaaefivionty
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AT 4.15 Optical micrographs 848N UBLUES (a-C) Lazwoa(luialunIAILan-1n-
wfidulnansalaiuniaiian) lulasuadgadniivinfiaueunsidias
finSeudiensesuIun1sdLATIERLIULIINADY (b way <) fdnsidlu
A9 9 veuufiauniniiandetefidulnansalaiuniasian (Uosidud
Imafﬂwﬁﬂ): (a) 80:20; (b thag b’) 70:30 way (c way c’) 50:50

ilefiansanesidudnisussquagnisiniiviuiiaueunsdianly
lulasuauga 0 TGA masluunsy wuinfisnsndu 70:30 (59 wag 95 Wasidudlagtmin
PINdIdU) wag 50550 (52 war 103 1Wedifudlngdninaiuddy) Sidedfifud
nMsussguazn1siniiviiateunsiiantululasuadgailiunndrefuinin wans

F9015799 4.5 981915AnIN LeNasuUesidudnisilasunsusiuasiuidunadiues

1
U =

8m31d9U 50:50 gIn318M51d9U 70:30 1esidudlaeuinin Favginlilauadya

=

AAMULTTININNTT FuFanTenTidruuiiaiuniesiansatenaulnansalauninsian

71 50:50 LHuaneMmunzauieiiludnuludunsusaly
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AW 4.16  TGA wesluunsuves (—) wifiaueunsniian (—) eynanedufiawmiedian-
la-edulnanealaiuniasian) wasned(uiawniasian-la-tefidulnaneale
winesian) lulasuaugaiuiuiiauounsiiitan snsdrusng 9 veaufiamum
rsiandetofiulnanoalamyadian (Wosdudlagtmin): (—) 70:30 uas
(=) 50:50

= o a o a s v v @ a
MA1919N 4.5 iaﬁlagﬂqiLUaﬂ’UN@u@LﬁJ@%‘lULUUW@aLﬂJaﬁ iaﬂagﬂqi‘Uiif\lLLagﬂqiﬂﬂLﬂ‘ULll'V]a

wounsdtanlululasualya NSnsEse 9 vasufialumeSansdeteniaulng

AOALALLYIATLAN
MMA : EGDMA Conversion Loading (wt%) Encapsulation
(Wt%) (Wt%) (+SD)  Experiment Calculation (Wt%) (£SD)’
(+SD)’ (+SD)’
80:20 - - - -
70: 30 24 (+1.81) 59 (+1.15) 64 (£1.73) 95 (+1.36)
50 : 50 42 (+0.69) 52 (+0.39) 50 (£0.41) 103 (+0.77)

* Andesuuannggiu (n=3)
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4.1.2.3 Ysuumsisudinsen

¢ o aa ' = a Y]

nn13AnyITaTeg 9 VliJNﬁGlEJﬂ’]iLGIiEJiJWSﬁL@JEJﬂ@JIﬂiLLﬂU"Qaﬂﬂ

WAULLTAALAUNIITLAS LU SRTIAIUTENINUDUDLLDSHOILTAALIUNITITLAN WardnsIdIu

1 a a 1 aa a 1 & @ 4 d'
ssunsufaumniasiansaenaulnansalawuniasian nuIdesidunnisiuasuueusiueshy
< a fav v v o = ° v oA 2 ~ VY Ay
Wunadwasilarautnam Feagiliuaenualgau 9199z laludussnazinisvieriuily
& = o ¢ a v a a Aaa a ~ ° % ¢ & & =

GHATRRY JevinsAnwdiuudisisuuasennmuizauiazinlilalesigudnisiuasy

wausiwesllilunediuesaifign Feasvilildanualgaianunuiiindu lagiinisdne

' '
a aaa !

Usnauia3i3uuiitendt 6 8 uaz 10 wWesdudlasthmiin mnnsmaaesuiifinnanmyldans
wruaesdima fnrunaiosnereasssdguuarlidusiiuduiou fanmdl 4.17 (a-0) dle
thludumissisnsiia 3,000 seuseundt Wunan 15 uit nulilesuadgadildanazneust
Fruans warlinvoyaedastluduh danmdl 417 @-0) deluAnudnvassuiisuas
dugruinemendesganssmivuuldias wuildneaueuswesuazlulasuaugaiidnvuzidu
ysenan AliiBou fanmil 4.18 (a-0) wag (a'-0') WuFBITunsMaaosiinuan wWefiansan

nasiduinisiasuneusiwesiuilunefmesNusunudi3isuuiise 6 was 8 Wesidus

v a1 Al

Togtmdn dendilndiAssiu wadloUsuiud3suuiizoniatudu 10 Wesidudlaeiimin
] s & & a [ a ¢ = = N A
wuinvesigudnisivdsuusuawesiuidunafiueianas Faunaziliesaniiusuiavesoyya
dasvluszuvuintu vilvdnsanisduganisseatsld (Termination) LauInNTu 39vinlu
Wesiduinisideuneuewesluilunediuesanas dwmarhliudenuadgauimsenisviuly
¢ s & & v & = i Y = | < -
auysal LWaslduAnITUITILAEN1IANNIUTIANAIBENUIN AIAI15197 4.6 8813l3NR1Y LB
a ¢ < (3 v & 4 a U aa aaa f < H g
91305 BUANITUTTMALNSANAUTUSINARISENULATEN 6 uag 8 Wasidurlagunin
A TGA lapuans TGA wesluunsuvaswaiieslulasuaugaruwiiaueunsdianiwnieuld
Tneldiisisuuisennusuiasng o fan i 4.19 wuinh 8 wesiudlasuimindiesidus

nsussuazn1sininuiaseunslianlilululasuavgalaaindin 6 Wesiwuslaeumiin

\
aaa o~

A9R139991 4.6 Sty Fadenlduiunamsisuuiisenn 8 wesiduslasumidn Wuaniizi

winnzauwetlUEnwlutunausely
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Al 4.17  @1sueiuaesvesned(ufialniasian-laefidulnanealawniedian) lulas
wagainfviaweunsiilian FATEUFIENTEUILNITEAATIZRUU UL ILADE
(a-0) Aou way (@'~ ¢’) ndsmstuisfisnsnga 3,000 seuseudt unan 15
it TaeldUTinasng 1 vesh3GuuiAsen (Wesidudlasthwiin): (a uaz 27) 6;

(b wag b’) 8 way (c way ¢’) 10

A9 4.18  Optical micrographs 999%8ANBUBLNDS (a-0) Lazwod(uaun1Asian-la-
widulnarealauniasian) lulasuadgadniiuwiawounsiilan Mwieusae
NITUIUNITALATIZRLULLYIUADY (2’ way <) InelduTuumig 9 10957315

URABeN (Wesidudlaeumidn): (a uay a’) 6; (b waz b’) 8 waz (c wag ) 10
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AWA 4.19  TGA masluunIuves (—) lWiiakaunsien (—) suniAneduiiaumniasian-
la-efidulnanaalauniaiian) uasned(uiiammniasian-la-leiidulnansale
wmesian) lulasuaugaviuwfiauaunsiilian MUSunneng 9 vesiisisuUiisen

(Wesudlngtwmein): (—) 6; (—) 8 uay (—) 10

a Y a I3 a s v v & a
MA1919N 4.6 3@8@3ﬂ73L‘UaUu3~l@u@LN@%‘IUL‘U‘UW@@Luai i@UagﬂﬂiUiiﬁ]‘LLagﬂqiﬂﬂLﬂ‘ULlI‘VIa

weunsianlululasuauya NUTIENS 9 Yaw3EHU AT

Initiator (wt%) Conversion Loading (wt%) Encapsulation
(Wt%) (£SD) Experiment Calculation (Wt9%) (+SD)
(+SD)’ (+SD)’
6 43 (+2.24) 43 (+2.07) 50 (+1.28) 87 (+4.15)
8 42 (+0.69) 52 (+0.39) 50 (£0.41) 103 (+0.77)
10 14 (£3.02) 50 (+1.39) 76 (£3.93) 66 (+1.83)

* AndesunInggIu (n=3)
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4.1.2.4 gaumaliwazliaitun1sdaasie
Tuduneuillafnwigamaliuasiannmuzanlunsdunseininase
v =3 a a o = = a
nsiniivuiiaseunsiiantilululaswadga lagvinnisfinwifigumgll 40 60 wag 80
= o ¢ Y ] A a
pImwaded uazalun1sduATIEwn 4 6 uar 8 TIlue nuIMmsUdsuuUatgamniinagtian

Tunsduase A luinasadn¥uen1IN18AINVRIAITUUIUARELATE N YL AL JUT19VBY

Lulasuadgalagynanznimmeasdliansueivassduinia danuatie snneanssfgauas

v v v & Y w a
LU

Tddudifudunoau Fan1nd 4.20 (a-0) waz 4.23 (a-o) weihlutuwesisnsisi 3,000 sau

sioundl 1Wunan 15 undl nudilulasuadgailinnagneusgiuans uarlsinueynindass
Tudusin fananil 4.20 (a-c) war 4.23 (a'<) wazifiensradeudnuusuirediondos
qamssminuulduas wuiinannzlsvenueusiesuazlulasuauyaidnvusidunssnan
AalailFeu fanmdl 4.21 (a-c Uag a'’) Way 4.24 (a-c Uag a’-C’) WulRgafunsmeassiikiu
11 it lUiieseiesdusznaudemedameslunsniuminezulata dsnwd 4.22 uay

4.25 uana TGA wasluunsuvasneadiasiulasualgauiufiaweunsilianinioule

a

Nounniuaziaantunsdansneisng 9 nudnlinnsaalefiaesdisguieiu Weonasan

U

aaunninlglun1sduasizyin 40 esanwaldea wulindesiduanisiasuteusiuasiudy

9 Y

=

a & =~ 2 & fAg Y & W oaa aaa A ) a
wodluasianas iasnnwuledaaseanleanldiduisisuuiisendiaumginisuandiegi
60 — 100 asAusawea vinldasiguinisilasunausasiuidunediuasAoudei walile

A a o ¢ ~ | P% ¢ & & = I
Wingungiilun1sduasIenn 60 way 80 asAga@ya nuilalasiduinsiudsusouaes

Tuunedes wazuszansnmnisinnuLRawauns tianda s naeafuuIngn $amisi

a

71 4.7 Jadenaanglinsduaszin 60 ssrwadealuannzimuizauielu@nyinailu
o ¢ A a o ¢l o 1Al 1% ¢ & i
duasien Woliarsuanluduasienn 4 6 uaz 8 Tilus nudfinnaniig laesidudinis
A < a 4 v =3 a a N 1A ' [
Waguweusweslulunedwes nsussawasnisinnuiiiaweunsifaninfliduanaieiy
Man5199 4.8 Fwihnsdennarildlunisdansizii 4 Hlus Fadunadesian Wuane

Mnzanlunisnseulalasuauya
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AN 4.20  @15LVIUARLYRINBAGUAALUNIASIaR-IA-teRaulnarealawniasian) lulas

Lmﬂsgaﬁ’mﬁumﬁauaummﬁmm ATIUAILATEUIUNTAUATIZRUUULVIUADY

(a-0) NoU wae (@’- ¢’) NS BINSATISI 3,000 sausoud 1Wuan 15

=

Wil lneduasienvionnniang ¢ (eerwaided): (@ wag a’) 40; (b wag b’) 60

9 Y

way (c way c’) 80

A 4.21

Optical micrographs U83%EANBUBLLDS (a-c) wazwoA(luRaluNIATIAN-1A-
wiaulnanealaumiasian) llasuadgadniiuwiawounsiilien Nwieusae
NT2UIUNTHUATIERLUUNYIUGRY (a'c') lnadaiasigiigungiifig 9

(RarLwaLTed): (a way a’) 40; (b wag b’) 60 way (c wa c’) 80
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AW 422 TGA wiesluunsuwes (—) wilaleuninilian (—) synanediufiawmiaiian-
la-efidulnamealawmiesian) azwed(uiiawmeasian-la-lefidulnansale
wnasian) lulasuaugaruuiianeunsidian lnedaasizviigumnfiang o
(@9AaLTYR); (—) 40; (—) 60 way (—) 80

a Y a & a s v v & a
M13190 4.7 3@8@3ﬂqiLﬂaﬁJuuau@LN@ﬂULUu‘W@aLﬂJ@ﬁ 5@8@3ﬂ']5‘U35"§LL@3ﬂ'ﬁﬂﬂLﬂ‘ULllwa

weunstiianlulilasuauga lnedunseiigamgisngg

Temperature Conversion Loading (wt%) Encapsulation
(°Q) (Wt9%) (£SD)’ Experiment Calculation (Wt%) (+SD)’
(+SD)’ (+SD)’
40 38 (+0.77) 57 (+1.32) 53 (£0.51) 106 (+2.47)
60 52 (+2.05) 47 (+1.84) 46 (+0.97) 104 (+4.03)
80 42 (+0.69) 52 (+0.39) 50 (£0.41) 103 (+0.77)

* Al uuiInggu (n=3)
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AW 4.23  @15WVIUAREVRINDA(LTALINIASIan-lA-tanaulnansalauniasian) tulas
LLszgaﬁﬂLﬁmmﬁauauwswﬁmm A HUAIYNTEUIUNITAILATIE VLU UM IUADE
(a-c) Nou way (@'~ ¢’) nasn1stuneansnsisy 3,000 saudaul? 1Wuan 15

7 logdaaszninngsng g (@) @ wag a’) 4; (b uag b’) 6 uag (c waz ') 8

AT 4.24  Optical micrographs 994%8ANBUBLUDS (a-C) Lazwod(uTialunIAsLan-la-
widgulnarealaumasian) lulasualgadniiuwfiawounsiilen Nwseusae
N3ZUIUNITALATIERUUULTIUADY (a’-C") TaBdataT1ziiaannig o (Balus):

(a way a’) 4; (b waz b’) 6 Lay (c waz c’) 8
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AMWN 4.25  TGA wasluunsuved (=) witauounsnilian (—) aun1Anad(uiaumiAsian-
la-edulnanealauneasian) wasnad(ufiawmesian-la-tefidulnaneale
wmesian) lulasuadgauiiaweunsifian lagdunseniaisng o (@)

(—) 4; (—) 6 way (—) 8

=] Y = r a s v v & a
M1319N 4.8 ﬁaﬁlazﬂqiLUaﬁlumauaLNaﬂULUUWBaLQJai iaﬂagﬂ'ﬁUﬁﬁ'ﬂ‘LLagﬂqﬁﬂﬂLﬂULlW]a

wounstliaslululasuauya lnedunsizinnaini 9

Time (h) Conversion Loading (wt%) Encapsulation
(Wt9%) (£SD) Experiment Calculation (Wt9%) (+SD)’
(+SD)’ (+SD)’
a4 45 (+0.79) 50 (+0.52) 49 (+0.44) 103 (+1.07)
6 52 (+2.05) a7 (+1.84) 46 (+0.97) 104 (+4.03)
8 45 (£1.91) 53 (+0.29) 49 (+1.06) 109 (x0.59)

* Andesuuannsgiu (n=3)

v =~ a [ [~ a
Aau ansuangadluniswseululasuaUgainiiuafianauns,
fian Ao Tdounauludadeanlynvin 20 Wesiudluli Ysum 1 wWesiwudlaeumindu

A15AALTIANEN DRTIAILLDUBLLRSARINAawaUNIITtandy 70:30 WaINIASIanRaL AU
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a

Inaroalawmasiandu 50:50 #315uUAR5e1 8 wWeddudlastmiin gamgfinazinarlunis
dasesiil 60 ssrniwalTea 4 lu
delsansmunganlunsnieunedweslulasuauyaudn Jai
lulasuaUgafildluAnudnvaziuinasuendondesganssaididnasounvudeansia
(2wl 4.26) Felulasundgaildddnuuzidunsinan Arliseuidosanieyniauily
%qﬁaami%ﬁmzma&’aa@ﬁau %qaamﬂé’aqﬁ’ué’mwmwaqluhnmﬂgamn optical micrograph

(mwﬁ 4.24 a’)

AT 4.26  SEM micrographs Tosnaa(tuiiaiuniniian-la-tediaulnansalaiwniniian)
lulasuaUgadniiuwiiakeunsidian Awseudienszuiun1sduasiziwuy

= 1Y)
WIUADY A 4 Falug

4.2 M13ANEINITAIUANNITUARUAREAYITMBNLAZN TN UTaLUATIS B YRS lUAT

walea

SovhmsfnwimanzfimnzaslunisefedlilasuaUgainiivaiiaueunsdian
16udn IsimsAnwanuduldlslunsimedweslulasuaugaildlulfnumuinguszasd
fio annsnmuaunsUanUdesansveslifindunesfanuui uazanusaduidonuaiiseld
Tunandeaiu TneAnwiUssansamlunismuaunsanudesameuiinifvlululasueusya
Tuanmesaes uarUsedvsnmlunsiudouueiite lnsfneandendsi

4.2.1 nsAnwInsmuAnnsUanUdesaisvey

TuduneuiléviinisAnuinizarvaunislanidesiuiaueunsifianlu

wodlufiawniesian-la-ondulnanealauniasian) lulaswadgaluaniizdiass laeun
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nebulasuadgaimsoula Wividn 0.1 nfu ldludinau 20 1addns Tussuula fanedin

a v < Y ' a ¢ al [y I [y :’1 o a g
gaungivies laewiudiegaundiasigviinn 9 7 Ju lunan 63 u ntutuaugaiszime
wiisaq lUAmsgidiuanuiawsunsianiiudemioniounesiunsnduninounlawes
lngdassnisuanudegarsvenlui lngldurndvsunsaenitdinisazaigvesarsvesly
lulasuadga telvaisvevavaiveanuiluduuiiednasinisuanldaguasalsney
nNIsAnwInUinedwesiulasuauganiwieulares o Yanddesiuiawounsiiianaenind
natwne 9 warlusyeziian 63 Ju dinsuanvaesiudiaweunsiianls 86 1Wosidud Aenini

a.27
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2NN 4.27  nsvinisUanUassiufiawaunsidaniunad(witanniesian-la-eiaulnanaale

wmesian) lulasuauga Tuan1izdnaesiigamgiivies
4.2.2 NSANYINITAIULTBLUANISE

Tugunauiliiinisfnwysensaimnsiuieuuaiiievaslulasuauya

AnAvansveuwseuls lnsdlsieazidunsad
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Fuun1snaasusalinisdududenuaiisy Inadunalaainusiiud
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LLU@V]LiﬂimﬁquqiﬂLf\]ﬁwLm‘Uimﬁau ] d19RNIDYN FILLNALUUUILIUNITIUGILYDUUANLIY

(Inhibition zone) w38L38nIMNTsIARUIIALE (Clear zone) lagazTusgiuauasalung

LNSVBIANTTUNTDBUATIL I Y UURINUNDINNSEAL LT UIaN18TUAIBEINNANE1TEUT T

2 aoa

FanoLluIsNuansUsEanSnmnsEud Ly uATISELTIRMAN kazn1TIATUIN

=

LUANILI YD

¥
(% IS

Smilnnsdugaenuailituanansaunsenuralu@elsnals TngagyhnsilSeuiieunaugai
Lifounmaunludsdoanleduaziaugaiioyniauiludneanlenuniiiiguiveuiasuy

wougadungyslun1siuswuailiseiuiingy (DI water) lnsfinwiiailun1suui 3 4 56

' ¥
% a IS A

Way 24 F3lug FenINT 4.28 uag 4.29 NN IMUHUAANTIDENTINA19IRIMITLABLAR AB

(%
6§l o

LOUNDAAY WHUAANAYING DI LWEUNNU AD UINAU LAZLHUAZNFUINNG 3 WU AB FBena

wadga lnevih 3 PuarmAuaaelsunmsdudails :nnsmaseunuuaUyailiiioyniaunly

Fefpanlyniaruauganilauniauilugafeanlenvuniinuumiaan 3 wag 4 9alus ldnwuleu

g

nsfudadanuaiise AanIni 4.28 (a-b) uaz (@-b’) wazn1wi 4.29 (a-b) wag @'-b’)
o v = R T i ) = Y i = a a [V

audwiu uilieuusalun 5 Falusluauds 24 Halas nuduadgaiivseansamlunisduganis

WiAulavaskuATISBaeug S. aureus Way £ coli la A1l 4.28 (c-e) uay (C'-e’) uae

AN 4.29 (c-e) wag (c’-e’) hazhkansuuInUaalaun1sdudantatunisien 4.9 Tunsaiveg

(3

wadganlifoynawiludsdeenlenaunsamuouuafiselaintes Wesanuiiawouns

9
o

fianfigniniivednelu Fedinaaudflunisiudes [70] wazwuaiise (71] lfme usogasls

1%
LY Y]

I3 o a ¢ s v 1da Ay A ' Ao
iy wavganileunauluBedeenlenvueg ilidsatin1sdugwnnituaugailisiounia
uludsAsenlenlaeaniglunstivaades £ coli #1119ziliaeaInoynIAulluTdeanlyn Ny

Y9IUAUYARNNTEAUMILLAN LA DY RUTBBNTLAUNTBILT (Reactive oxygen species; ROS)
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YY)

3 9iln e guaseenludusinea lalasueseanlyn wazlansendausinealududanis

=]

LSYAULAYBIRUATISETOU 9 F998719 waziilavitnsunluauis 24 Tlae uaugadsasings
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[

UTIWUATISY £ coli b9AnI1 S. aureus wazaunsaduguIawuaiiisy £ coli tabnatmeeny

aa a ¢ a a 1 & N v & ! v & A v
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a a v O aY 1 a & 1 A a
AMui 4.28  USansdudewesualgantiisuniauiludifeenledsonuailise (a-e)
S. aureus Way (a’-e’) E. coli Unaifg & (@lan): (a uaz a’) 3; (b uaz b’) 4;

(cuway c’) 5; (d way d’) 6 uay (e Lay e’) 24

91



™
R\

N
A\

[
\,

(@) Prraitta
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a a v O aa a s ¢ v iala A a
AMNA 4.29  UINsiugesalganleuninuludeheenlenvinegiiisieuuaise (a-e)
S. aureus Way (a’-e’) E. coli Unaifg & (@lan): (a uaz a’) 3; (b uaz b’) 4;

(cuway c’) 5; (d way d’) 6 uay (e Lay e’) 24
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= v a v o & N
MN1919N 4.9 AUNTYUEILYDLLUANLIY

Sample Inhibition zone (mm)
E. coli (h) S. aureus (h)
5 6 24 5 6 24

DI water - - P - - -
Ampicillin? 6.50 6.67 10.00 6.67 6.67 8.00

(x1.50)  (#1.00)  (x1.00)  (x1.00)  (£1.00)  (x1.50)
Capsule control 0.50 1.19 £19 - 0.50 0.50

(+0.00)  (+£0.50)  (+0.50) (x0.00)  (+0.00)
Capsule+1%Zn0O 0.67 2.50 8.00 1.34 1.67 2.50

(+0.05) (£1.05) (+1.50) (+0.50) (+0.50) (+0.00)

a 81Ut

2) N1INAFBUMANANLNTUA A NAINTASUEIN1TRT YV BT LA kaT AN
¥ ¥ OI ¢NI 1 ;:’{/ Y
ANUNtuIgaau sl

44' i A v a a v o & A a [
L@J'ETW‘U'J']LLﬂUG?‘J;aVIL@iﬁulﬂuﬂi%amﬁﬂ7W1Uﬂ738UEJ\‘iLSU@LL‘UV’]‘WLTEJI@LL@'J

Y o

lavihn1snagsunarAdudumgaiansadugenisiasyvestolanedslulasinives

q

wanusenlagiu irlalagtuuaiise S. aureus uag E. coli lunnasuiuuaAlyangniians
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ABSTRACT ARTICLE HISTORY
Suspension polymerization is widely used for the preparation of microsphere and microcapsules for Received 18 March 2020
many applications. However, the formation of secondary particle byproducts decreases drastically Revised 24 April 2020
the obtained microsphere yield and microcapsule shell strength. It is surprisingly finding that the ~ Accepted 2 May 2020
secondary particles were not observed in the preparation of polymethyl methacrylate particles by KEYWORDS
suspension polymerization using particulate surfactant called Pickering emulsion. Therefore, in this Particulate surfactant;
work, the mechanism of secondary particle formation during suspension polymerization was pickering emulsion;
investigated using various surfactants (zinc oxide, titanium dioxide, and silica nanoparticles com- secondary particles;
pared to polyvinyl alcohol) and monomers (styrene, methyl methacrylate, and methyl acrylate) with suspension polymerization
different water solubilities. Results showed that submicrometer-sized secondary particles were still

formed by homogeneous nucleation mainly due to radical exit from the monomer droplets.

However, the formed secondary particles were unstable and then adsorbed on the main micro-

sphere surface. The number of secondary particles increased when monomers with higher water

solubility were used.
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1. Introduction by the stabilization of the surfactant preventing coalescence

Suspension polymerization is one of the most important during polymerization. Surfactants such as polyvinyl alco-

techniques widely used for the preparation of micrometer- hol (PVA)"'™** are usually added to the continuous phase
sized polymer and capsule particles.! In general, it con-  t© depress the coalescence frequency of oil droplets to
sists of oil dispersed in an aqueous continuous phase for oil control the size distribution of polymer particles formed
in a water emulsion system. The oil phase is prepared by ~ in suspension polymerization. The particle size is
homogeneous mixing of the initiator in the monomer.”'?  a complex function of drop break up and coalescence
It is dispersed in an aqueous medium to form oil droplets ~ rate during polymerization process depending on several
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parameters such as viscosities of each phase, interfacial
tension, and type and concentration of surfactant. The
evolution of drop size is more complex because drop
viscosity increases continuously affecting the balance of
drop break up and coalescence rate. This may lead to an
increase in droplet size.

Solid particles used to achieve emulsion droplet stabili-
zation were first described by Ramsden!"”! in 1903 and
Pickering!"®! in 1907, known as Pickering emulsions.'*%?
Pickering emulsions exhibit excellent droplet stabilization
compared with the conventional molecular surfactant-
stabilized emulsions. An emulsion stabilized by solid par-
ticles instead of conventional surfactants such as PVA
retains the basic properties of classical emulsions stabilized
by surfactants. In Pickering emulsions, the oil droplets are
stabilized by the adsorption of solid particles accumulating
at the oil/water interface. The surfactant-free character
makes them attractive to several applications including
pharmaceutics, drug delivery,™ " cosmetics”® *! and
food industry (28 291 Several types of solid particles such
as silica (SiOz),[3 1 titanium dioxide (TiOz),[“] zinc oxide
(ZnO),P? clay,™ magnetite® and graphene oxide!®!
have been employed as stabilizers to prepare microspheres
and microcapsules.

During polymerization, the inside of the oil droplets
became gradually immiscible when the polymer chains
propagated in the polymerization initiated by the exist-
ing initiator, resulting in micrometer-sized polymer par-
ticles via droplet nucleation. However, it is generally
found that a large amount of sub-micrometer-sized sec-
ondary particle was formed as a byproduct in the sus-
pension polymerization of hydrophilic monomers such
as methyl acrylate (MA) and methyl methacrylate
(MMA) using a conventional surfactant. The sub-
micrometer-sized particles were clearly seen in the tur-
bid aqueous phase of suspension after centrifugation
whereas micrometer-sized particles were precipitated
in the bottom!®! or floated on the top layer™® ! for
the preparation of the polymer particles and capsules,
respectively. Normally, in the early stage of suspension
polymerization, the oligomeric radical in monomer dro-
plet exited into the aqueous medium and polymerized
therein with the existed monomer. The new particles
were then formed. For the encapsulation, the main
drawback of the free particles formed in suspension
polymerization not only reduced the shell strength but
also coexisted with the main capsule product. However,
such a phenomenon was not reported in Pickering
emulsion!' ") where it was widely used with various
kinds of particulate surfactants and monomers.
Therefore, it is interesting to clarify this phenomenon
which will lead to the development of knowledge for
practical purposes.

Therefore, in the present work, the preparations of
PMMA particles by suspension polymerization are stu-
died. The monomer droplets are prepared by the
Pickering emulsion method using a particulate surfac-
tant. Various types of metal oxide nanoparticles such as
ZnO, TiO,, and SiO, are used as surfactants compared
with PVA to clarify the formation mechanism of sec-
ondary nucleation.

2. Experimental
2.1. Materials

MMA (99%, Aldrich, USA), Styrene (S, 99%, Sigma-
Aldrich, USA) and Methyl acrylate (MA, 99%, Sigma-
Aldrich, USA) were purified by passing through the
column packed with basic aluminum oxide. Benzoyl
peroxide (BPO, 72-77%, Merck, USA) was purified by
recrystallization in methanol. ZnO nanoparticles (pow-
der and 20 wt% in H,O, < 100 nm, Aldrich, USA), SiO,
nanoparticles (99.5%, =20 nm, Sigma-Aldrich, USA)
and TiO, nanoparticles (P-25, 99.5%, =25 nm,
Aeroxide, Germany) were used as particulate surfac-
tants. PVA (89-90% hydrolyzed, average molecular
weight 30,000-70,000, Sigma-Aldrich, USA) was used
as a conventional surfactant. 1, 4-Dioxane (99.8%, RCI
Labscan, Thailand), tetrahydrofuran (THF; 99.5%, RCI
Labscan, Thailand), and methylene blue (MB) (Sigma-
Aldrich) were used as received. Deionized water was
used throughout the study.

2.2. Preparation of polymer particles

Polymer particles were prepared by suspension poly-
merization where monomer droplets were produced by
the Pickering emulsion method using various kinds of
metal oxide particles for particulate surfactant. First,
metal oxide nanoparticles were dispersed in deionized
water and ultrasonicated at a frequency of 40 ampli-
tudes for 3 min as a continuous phase. The homoge-
neous oil phase solution consisting of monomer and
BPO as an initiator, at the compositions shown in Table
1, was then mixed with the metal oxide aqueous dis-
persion. It was homogenized for 5 min at 5,000 rpm to
form Pickering emulsion of monomer droplets. The
resultant emulsion was subsequently transferred to
a round bottom flask and purged with N,-vacuum for
5 cycles (final in N,). Finally, it was polymerized by
heating at 80 °C under mechanical stirring at 500 rpm
for 6 hours. Various types of particulate surfactants as
ZnO, TiO, and silica nanoparticles were used com-
pared with PVA.
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Table 1. Reagent amounts for the preparation of polymer parti-
cles by suspension polymerization using various types of
surfactant.

Phases Chemicals

Qil Monomer® (g) 5.00
BPO (4% of monomer) (g) 0.20

Water Surfactant® (1 wt%) (g) 0.45
Water (g) 4435

“Various types of monomer: S, MMA, and MA.
bVarious types of surfactant: PVA, ZnO, TiO, and SiO, particles.

2.3. Influence of initiator radical

0.4 wt% BPO was dissolved in 40 ml 1, 4-Dioxane. It was
mixed with 60 ml of 10 ppm MB solution prior to
transferred to a round bottom flask and sealed with
a silicone rubber septum. It was heated at 80°C under
mechanical stirring at 500 rpm for 6 hours under dark
conditions.

2.4. Influence of radical exit

PMMA particles were prepared using ZnO nanoparti-
cles as a surfactant in an aqueous phase containing MB
as an indicator. ZnO nanoparticles were firstly dispersed
in MB solution and subsequently ultrasonicated at
a frequency of 40 amplitudes for 3 min. It was mixed
with a homogeneous solution of MMA and BPO at
a composition shown in Table 2 and homogenized at
5,000 rpm for 5 min to form monomer droplet emul-
sion. The resultant emulsion was transferred to a round
bottom flask, sealed with a silicone rubber septum and
purged with N,-vacuum for 5 cycles (final in N,). It was
finally polymerized at 80 °C under mechanical stirring at
500 rpm for 4 hours under light and dark conditions.
The preparation of PMMA particles using PVA as
a surfactant was also studied under a light condition
compared with particulate surfactant.

2.5. Characterization

The inner structure and surface morphology of polymer
particles were observed by optical microscope (OM, SK-
100EB & SK-100 ET, Seek Inter Co. Ltd., Thailand) and
scanning electron microscope (SEM, JSM- 6510, JEOL,
JEOL Ltd., Japan), respectively. The conversion of

Table 2. Reagent amounts for the preparation of PMMA particles
by suspension polymerization in MB aqueous solution.

Phases Chemicals

Qil MMA (q) 5.00
BPO (4% of monomer) (g) 0.20

Water Surfactant? (1 wt%) (g) 0.45
MB (10 mg/l) (g) 4435

“Various types of surfactant: PVA and ZnO nanoparticles.

POLYMER-PLASTICS TECHNOLOGY AND MATERIALS @ 1803

polymer particles and the amount of secondary new
particles in the aqueous medium were determined by
gravimetry. Suspension samples (ca 1.5 g) taken from
the reactor were transferred directly into an aluminum
cup and exactly weighed. Few drops of hydroquinone
solution (1 wt%) were added in suspension before the
free liquid was evaporated in an oven at 80 °C. The
sample was dried until a constant weight of the dried
polymer was obtained. Monomer conversion was
obtained by comparing the weight of dried polymer
with that of the original monomer. Equations (1) and
(2) were used to calculate the %conversion of polymer
and secondary particles, respectively.

(Wp — W(BPO + ZnO))
Wm

%Conv = x 100 (1)

Wsp
( Wm x %Conv )
100

%Sp = %100 (2)
Where W, is the weight of polymer after drying,
Wspos+zno) are weights of BPO and ZnO in 1.5 g disper-
sion, Wy, is the weight of all monomers in 1.5 g dispersion,
%Conv is the percentage of monomer conversion, %S, is
the percentage of secondary polymer particles related to
polymer and Wy, is the weight of secondary particles.

Number-average molecular weights (M,) of the
obtained polymer were measured by gel permeation chro-
matography (GPC) (Waters 2414, Waters, USA) with two
poly(styrene/divinylbenzene) gel columns (Phenogel
5x10%and 3 x 10° A (pores), 7.8 mm (internal diameter)
x 30 cm (length), Phenomenex, USA) connected in series
and using THF as an eluent. The flow rate of eluent was
maintained at 1.0 mL/min with a column temperature of
40°C. The elution was monitored with a refractive index
detector (RI 2414/Waters). The columns were calibrated
with six standard polystyrene (PS) samples (2.5 x 10>-6.0
x 10°, My,/M, = 1.05-1.15).

3. Results and discussion

The suspension polymerization is widely used for the
preparation of micrometer-sized particles where the
particle formation is based on droplet nucleation.
However, for hydrophilic polymer, the secondary parti-
cles are generally formed as a byproduct competing with
the main particles in suspension polymerization."*”~%"!
The byproduct particles are actually formed by self-
assembling of polymer chains in aqueous medium
initiated by the radicals or oligomeric radicals exited
from the monomer droplets into aqueous phase initiat-
ing the polymerization with the existed monomer. In
such a case, the obtained suspension contained both
micrometer and submicrometer sizes nucleated via
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droplet and homogeneous (emulsion polymerization)
nucleations, respectively. In the case of PMMA particles
prepared using PVA as a surfactant, the milky suspen-
sion was observed as shown in Figure la. After centri-
fugation (Figure 1a’), most of the particles were
precipitated in the bottom whereas a turbid aqueous
phase was clearly seen due to the formation of secondary
particles similar to the other reports.**~**! Using metal
oxide nanoparticles as particulate surfactants, high col-
loidal stable milky suspensions were also obtained in all
cases (Figure 1b-e). In contrast, it is surprisingly found
that all PMMA particles were precipitated in the bottom
where the aqueous phases were transparently unliked
using PVA as clearly seen in Figure 1b’-¢’ after centri-
fugation. These seem that there is no secondary particle
formation when particulate surfactants were used. This
phenomenon will be clarified in further experiments.
The optical and SEM micrographs of the obtained
PMMA particles using various surfactants were shown
in Figures 2 and 3, respectively. All of the particles were
spherical in shape with broad particle size distribution.
Using PVA, spherical polymer particles with a smooth
outer surface were found (Figures 2a,a’ and 3a). On the

Turbid aqueous phase

other hand, using particulate surfactants (ZnO, TiO,
and SiO,), solid particles adsorbed on the MMA dro-
plets (Figure 2b-e) and particles (Figure 2b’-¢’) surfaces
were obviously seen. The rough polymer particle sur-
faces because of the adsorption of solid particles were
also clearly observed in Figure 3b-e. These indicate that
these metal oxide nanoparticles effectively stabilized the
obtained PMMA particles prepared by suspension
polymerization.

Although the PMMA particles were smoothly prepared
by Pickering emulsion in suspension polymerization, the
disappearance of secondary particles needs to be clarified
for more understanding of particle formation mechanism.
It is well-known that ZnO and TiO, is a wide-bandgap and
a high excitation binding energy which exhibits promising
photocatalytic property for the degradation of organic dye
molecules. "1 When ZnO or TiO, is irradiated using
UV light, the electrons in the valence band (VB) are excited
to the conduction band (CB) giving hole and electron-rich
in the VB and CB, respectively. The holes can oxidize water
giving a strong oxidizing agent as hydroxyl radicals (OH’)
whereas photoexcited electrons in the CB reduce oxygen
giving superoxide anion radical and finally generate OH' as

Clear aqueous phase

Figure 1. Suspension photos of PMMA particles before (a-e) and after (a’-e") centrifugation using various types of surfactant (1%wt): (a,
a’) PVA; (b, b’) ZnO powder; (c, ¢’) 20% ZnO in water; (d, d’) TiO, and (e, €') SiO, nanoparticles.

Figure 2. Optical micrographs of monomer droplets (a-e) and PMMA particles (a’-e’) using various types of surfactant (1%wt): (a, a’)
PVA; (b, b’) ZnO powder; (c, ¢') 20% ZnO in water; (d, d’) TiO, and (e, &) SiO, nanoparticles.
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Figure 3. SEM micrographs of PMMA particles using various types of surfactant (1%wt): (a) PVA; (b) ZnO powder; (c) 20% ZnO in water;

(d) TiO, and (e) SiO, nanoparticles.

well.*? The generated OH' can effectively degrade organic
dye molecules and pollutants.””*~**! Therefore, under the
light condition of suspension polymerization using ZnO or
TiO, as the particulate surfactants, free radical in the aqu-
eous medium may not only from the oligomeric radicals
exited from the droplets but also from the OH' generated
by photocatalysis. A large number of secondary particles
should be formed via an emulsion polymerization with
a free radical polymerization mechanism. However, the
contrary results were found in the case of using ZnO and
TiO, nanoparticles (Figure 1b’-d’). Therefore, this doubt
needed to be clarified.

It is well-known that the organic dye as MB was
generally degraded by the oxidation of OH.””"*! The
MB may also be oxidized by any radical forms including
oligomeric or benzoyl radicals initiated from BPO. To
confirm this assumption, the solution mixture of BPO
(in dioxane) and MB (in water) was prepared and heated
at 80°C to generate the benzoyl radical. It was clearly
seen that the blue color of MB (Figure 4a) was comple-
tely disappeared (Figure 4b) after heating. This indicated
that MB can be degraded by benzoyl radicals. Therefore,
MB was then used as an indicator of the radical existence
in an aqueous medium during suspension polymeriza-
tion. The content of MB would reduce with the increase
of radicals.

PMMA particles prepared by suspension polymeriza-
tion using both ZnO and PVA as a surfactant were
shown in Figure 5. Before polymerization, the blue
color suspensions of all conditions (Figure 5a-c) were
observed due to MB containing in the continuous phase.
After the polymerization using ZnO nanoparticles under
the light condition (Figure 5a’), the blue color of MB in
the continuous phase disappeared which may due to the
generation of OH' by ZnO into the continuous phase.
However, when ZnO nanoparticles were used under the
dark condition (Figure 5b’) where ZnO could not gen-
erate the OH, the disappearance of the blue color was
still observed. This means that the degradation of MB in
the continuous phase was mainly due to oligomeric
radicals exited from the monomer droplets. This result
well agreed with suspension polymerization using PVA
as a surfactant (Figure 5¢’) where the blue color of MB
was not observed as well. These indicated that the

Figure 4. The mixture solution of MB and BPO at before (a) and
after (b) heating.

oligomeric radical initiated in monomer droplet/poly-
merizing particles still exits into the continuous aqueous
medium in the suspension polymerization of PMMA
using both conventional and particulate surfactant as
PVA and ZnO particles, respectively. As we proposed
in the previous works®® *”> 3% ) when the PMMA-
based particles/capsules were prepared by suspension
polymerization, the secondary new particles can be
formed by emulsion polymerization via homogeneous
nucleation in the aqueous continuous phase when the
radical exited from the monomer droplet polymerizing
with the existed monomer soluble therein. In the case of
PVA (Figure 5¢’), such a phenomenon was clearly
observed as obtaining a milky supernatant after centri-
fugation. The new particles with a number average size
of =190 nm were about 50 wt%-polymer with a sub-
micrometer-sized (Figure 6) which were much smaller
than the main particles formed by droplet nucleation.
On the contrary, the formed secondary particles were
not observed in the cases of using ZnO particles as
a surfactant (Figure 5a’-b’). This occurrence needs to
be clarified.
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Figure 5. Suspension photos of PMMA particles under light (a, a')
and dark (b, b’, ¢ and ¢’) conditions before (a-c) and after
synthesis and centrifugation (a'-c’) using various types of surfac-
tant (1 wt%).

In the previous works,*® *”! the polymer particle for-

mation during suspension polymerization can be con-
firmed using the Mn value. The polymer particles having
higher Mn would form by emulsion polymerization where
the lower one formed by droplet nucleation based on the
polymerization loci in the confined space. Therefore, the
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Mn values of the PMMA particles using ZnO were mea-
sured. Figure 7 shows bimodal molecular weight distribu-
tions (MDWs) which due to the formation of secondary
particles in the system. In Figure 7a, the Mn value at
575,000 g/mol for smaller secondary PMMA particles was
formed as by product by emulsion polymerization while
about 82,000 g/mol for larger main PMMA particles were
formed by suspension polymerization using ZnO. They
were similar to Mn of PMMA particles (98,000 and
700,000 g/mol) using PVA as a surfactant (Figure 7b). It
confirmed that secondary new particles were also formed
as by product completing with the main PMMA particles
in the suspension polymerization using ZnO nanoparticles
as the surfactant. It is seen that in both Figure 7a,b, there is
a difference in the peak intensities of bimodal distribution
consisting of two overlapped peaks. The intensities or peak
heights of lower molecular weight peaks were lower than
those of higher molecular weight. The lower molecular
weight peak is M,, of PMMA main particles formed by
suspension polymerization. It is generally broader MWD
than that of particles prepared by emulsion polymerization
as shown in higher molecular weight peak because of the
polymerization in confined space. The broader MWD
provides lower peak height while the higher peak height
is obtained from the narrower MWD. The disappearance
of new particles may due to the instability of the obtained
secondary particles. Because of a lack of stabilizer, the
secondary particles quickly adsorbed on the main PMMA
particle surface. Unlike PVA condition, some PVA chains
which soluble in the continuous phase would adsorb onto
the new particle surface and act as stabilizer resulting in the
formation of stable new particles. That is the reason why
a transparent aqueous medium was observed when ZnO
nanoparticles were used similar to TiO, and SiO, nano-
particles. Therefore, the possible formation mechanism of

d, =188.63 (£8.01)

Frequency (%)
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Figure 6. DLS histogram in terms of volume (d,)- and number (d,)-average diameters of PMMA secondary particles obtained in

suspension polymerization using PVA as a surfactant.
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Figure 7. Molecular weight distributions of PMMA particles pre-
pared by suspension polymerization using ZnO particles (a) and
PVA (b) as a stabilizer.

particles by suspension polymerization using PVA and
particulate surfactants are presented in Figure 8.

In general, the colloidal stability of the obtained particles
would decrease with the adsorption of the new particles
covering the particulate surfactants. Therefore, the number
of new particles would affect the colloidal stability of the
particles prepared by suspension polymerization using
a particulate surfactant. The different polarities of mono-
mers as S, MMA, and MA having a different water solubi-
lity of 0.03 g/100 mL,*” 1.5 g/100 m1"") and 6 g/100 ml,"**!
respectively, were then used for suspension polymeri-
zation using both PVA and ZnO nanoparticles. The
number of secondary particles increased with the polar-
ity of monomer which was 10 and 50%-polymer for PS
and PMMA, respectively using PVA. In the case of
PMA, the content of secondary particles could not be

POLYMER-PLASTICS TECHNOLOGY AND MATERIALS @ 1807

measured due to a large amount of coagulation. Using
ZnO, the suspension photos of those particles after
centrifugation were shown in Figure 9a-c. The trans-
parent supernatants without secondary particles were
observed for all polymers (PS, PMMA, and PMA). In
addition, stable spherical particles of PS (Figure 9a’)
and PMMA (Figure 9b’) were observed by OM. In
contrast, a cluster PMA due to coalescence (Figure
9¢’) was obtained. As described above, using ZnO nano-
particles, the unstable new particles adsorbed onto the
obtained polymer particle surface. These results indi-
cated that lower hydrophilic polymer as PS and PMMA
particles prepared by suspension polymerization using
ZnO nanoparticles gave a lower amount of secondary
particles. The obtained particles were able to maintain
the colloidal stability. However, the colloidal stable
particle of the more hydrophilic polymer as PMA
which contained a large number of the secondary par-
ticle was not successfully prepared by this technique.

4. Conclusions

During the suspension polymerization of hydrophilic
monomer using a particulate surfactant, radical/oligomeric
radicals in the monomer droplets exited into the aqueous
medium which is similar to the polymerization using PVA.
The secondary new particles generally formed in the aqu-
eous medium via emulsion polymerization. However, the
formed secondary byproduct particles were not observed
in an aqueous phase because they were unstable and then
adsorbed on the main polymer particle surface. The sus-
pension polymerization of the lower hydrophilic monomer
with the particulate surfactant provided a low number of
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Figure 8. The schematic diagram for the possible formation mechanism of particles by suspension polymerization using PVA and

particulate surfactant.
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Figure 9. Suspension photos (a-c) and optical micrographs (a’-c’)
of various polymers prepared by suspension polymerization
using ZnO as particulate surfactant: PS (a and a'), PMMA (b and
b") and PMA (c and ¢').

new particles resulting in higher colloidal stable polymer
particles. However, it was not successful for the preparation
of high hydrophilic monomer such as MA.
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Article history: In this research, the preparation of polymethyl methacrylate-
Received: 30 March, 2020  co-ethylene glycol dimethacrylate) (PMMA-co-EGDMA)) microcapsules
Revised: 28 April, 2020 encapsulated methyl anthranilate as a fragrance model by
Accepted: 13 May, 2020 microsuspension polymerization was studied. The monomer droplets
Available online: 28 May, 2020 were prepared by pickering emulsion method using zinc oxide
DOI: 10.14456/rj-mutt.2020.5 nanoparticles as a particulate stabilizer. The ratios of monomers: MA,

Keywords: microcapsules, ~ MMA: EGDMA and initiator concentration were investigated. From the

suspension polymerization, experimental result, it was found that using monomers: methyl

pickering emulsion, anthranilate of 70: 30, MMA: EGDMA of 50: 50 and initiator concentration
fragrance, zinc oxide of 8 wt% of monomers was an optimum condition for the preparation
nanoparticles of microcapsule. The high colloidal stable spherical microcapsules were
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prepared without the formation of free polymer particles in an agueous
medium. The rough surface microcapsules due to the presence of zinc
oxide nanoparticles as a particulate stabilizer distributed on
microcapsule surface were successfully prepared. The encapsulation
efficiency of methyl anthranilate in microcapsules was hish up to
approximately 100 %. When such optimum condition was applied for

the encapsulation of commercial fragrance, the stable microcapsules

with high encapsulation efficiency were obtained as well.
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NOUBLNBSLUTS LuNIASIan (Methyl
methacrylate; MMA, 99% , Aldrich, USA) wag
toddulnarealauviniian (Ethylene glycol
dimethacrylate; EGDMA, 98%, Aldrich, Germany)
viliusqvilnsnsiumedudiilioselifousanled
(Aluminium oxide; ALO,, Surface area 120-190
m?%g, Kemaus, Australia) Lﬂufﬂmﬂmﬁ (Stationary
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BPO, 72-77%, Merck, USA) ﬁﬂﬁu%qw‘ﬁgimﬂﬁ%ms
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%aaaxmsmifq (%l oading) waznsinifiu (%
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o i ol a v & a a o ) ¢
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Phase Chemicals Monomers :MA (Yow/w)
80: 20 70: 30 50: 50
oil MMA () 2.00 1.75 1.25
EGDMA C) 2.00 1.75 1.25
MA (g 1.00 1.50 250
BPO (8 %wt of monomer) (g 0.32 0.28 0.20
Aqueous  ZnQ nanoparticles G 0.45 0.45 0.45
Water (9 44.23 44.27 45.35
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Qil MMA (® 2.80 2.45 1.75
EGDMA (9 0.70 1.05 1.75
MA () 1.50 1.50 1.50
BPO (8 %wt of monomer)  (g) 0.28 0.28 0.28
Aqueous Zn0 nanoparticles (2 0.45 0.45 0.45
Water (® 44.27 a4.27 44.27
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Water (2) 44.34 44.27 45.20
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125



56 Research Journal Rajamangala University of Technology Thanyaburi, Vol 19, issue 1, 2020

Thailand) wazndesganssaddifnasaunuudes
319 (Scanning Electron Microscope SEM, JSM-
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$ovazn1sussgsazmsinivaiaweuvsiantu

lulasupugafidnganusig « veweuamesdowiiaweunsniian

Monomers : MA Conversion

Loading (wt%) Encapsulation

(wt%) (+SD)’ Experiment Calculation (Wt%) (£SD)’
(£sD)’ (&sD)’
80:20 46 (£1.31) 37 (+0.85) 36 (+£0.64) 105 (+£2.40)
70:30 42 (+0.69) 52 (+0.39) 50 (+0.41) 103 (£0.77)
50:50 - - - -

* Andeuuunasgu (n=3)
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gih?'i 4 Optical micrograph vaswad(wiiawmiasian-la-efidulnanealawmesian) lulasuaugainiu
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MMA : EGDMA Conversion Loading (wt%) Encapsulation
(Wt%) (£SD)" Experiment Calculation (Wt%) (£SD)"
(+sD)’ (+sD)"
80:20 - - o -
70:30 24 (£1.81) 59 (£1.15) 64 (+1.73) 95 (£1.36)
50:50 42 (£0.69) 52 (x0.39) 50 (x0.41) 103 (£0.77)
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lulasuauga MBuae19 9 vesdSiEuufiten

Initiator (wt%) Conversion Loading (wt%) Encapsulation
(wt%) (xSD)* Experiment Calculation (wt%) (£SD)*
(£SD)* (£sD)*
6 43 (x2.24) 43.32 (x2.07) 49.88 (+1.28) 86.84 (+4.15)
8 42 (£0.69) 51.68 (+0.39) 50.35 (x0.41) 102.64 (+0.77)
10 14 (+3.02) 50.30 (£1.39) 75.84 (£3.93) 66.33 (£1.83)

* AnUeauunnggu (n=3)
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Abstract

In this work, poly(methyl methacrylate-co-ethylene glycol
dimethacrylate) (P(MMA-co-EGDMA) particles were prepared by
microsuspension conventional radical polymerization (ms CRP) using Zinc
oxide (ZnO) nanoparticles as a particulate surfactant named “Pickering
emulsion”. The colloidal stable spherical particles in a micrometer range were
obtained. The small particles at rough outer surface of the P(MMA-co-EGDMA)
particles were clearly observed corresponding with ZnO nanoparticles as a
particulate surfactant. However, it is surprisingly found that the secondary
particles were not observed in this study. In contrast, large amount (~10 wt%)
of secondary particles were found in the case of ms CRP of P(MMA-co-
EGDMA) using polyvinyl alcohol (PVA) as a conventional surfactant.
Therefore, the formation of secondary particles phenomenon was then clarified.
Various kinds and amounts of metal oxide nanoparticle such as ZnO, titanium
dioxide and silica were used compared with PVA. It was found that
submicrometer size byproduct particles were still formed when using particulate
surfactant. However, the formed byproduct was unstable and then adsorbed on
the main P(MMA-co-EGDMA) microsphere surface as confirmed by the
obtained bimodal GPC chromatogram. The number-average molecular weight
were 67,000 and 750,000 corresponding with the polymer prepared by ms CRP
and emulsion polymerization, respectively.

Keyword: Pickering emulsion; Particulate surfactant; Secondary particles;
Microsuspension polymerization
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!/ In this work, poly(methyl methacrylate-co-ethylene glycol dimethacrylate) (P(MMA-co-EGDMA) particles were prepared by microsuspension conventional radical ‘\
polymerization (ms CRP) using Zinc oxide (ZnO) nanoparticles as a particulate surfactant named “Pickering emulsion”. The colloidal stable spherical particles in a micrometer range |
were obtained. The small particles at rough outer surface of the P(MMA-co-EGDMA) particles were clearly observed corresponding with ZnO nanoparticles as a particulate 3
surfactant. However, it is surprisingly found that the secondary particles were not observed in this study. In contrast, large amount (~10 wt%) of secondary particles were found in !
the case of ms CRP of P(MMA-co-EGDMA) using polyvinyl alcohol (PVA) as a conventional surfactant. Therefore, the formation of secondary particles phenomenon was then |
clarified. Various kinds and amounts of metal oxide nanoparticle such as ZnO, titanium dioxide and silica were used compared with PVA. It was found that submicrometer size |
byproduct particles were still formed when using particulate surfactant. However, the formed byproduct was unstable and then adsorbed on the main P(MMA-co-EGDMA) i
microsphere surface as confirmed by the obtained bimodal GPC chromatogram. The number-average molecular weight were 67,000 and 750,000 corresponding with the polymer 3
prepared by ms CRP and emulsion polymerization, respectively. 3

|

Preparation of P(MMA-co-EGDMA) particles by ms N Clarification of secondary particle formation
,/ CRP of droplets produced by pickering emulsion \ /" Table 2 Reagent amounts for the preparation
/ ./ of PMMA particles of droplets generated
! Table 1 Reagent amounts for the preparation | DY pickering emulsion
of P(MMA-co-EGDMA) particles by ms CRP ! 1 ! 1
using various types of stabilizer Phase  Ingredients Homagenized Potymerized
Ol MMA © 5.00 w70
Phase  Reagent BPO (4% of © 0.20 . o n
i o monomer)
vorosmtent 7 ) MMA @ gt Water  Stabilizer* (1wt%)  (g) 045 ot Soent poeets
en Polymerized ] et
- o 9lolo it EcomA © Methylene blue  (g) 45.00 e
b O BPO @ 0.40 (10 ppm)
Dl L secommsma 4000 wcen Water _ Stabilizer” (Iwt%)  (g) 0.45 Fig. 5 Schematic diagram for the preparation of PMMA
Aetrwdaten: VAN by mebacryste Water (@  45.00 a; PVA, ZnO nanoparticle (20% in water) and TiO, particles using ZnO or TiO, as stabilizer and methylene
EGDMA, Eiore g et nanoparticle blue as an indicator in water phase
560, Baroy pocute
5 Motal aec parice  Various types of stabilizer: PVA, ZnO, TiO,, nano-silica

Fig. 1 Schematic diagram for the preparation of
P(MMA-co-EGDMA) particles by ms CRP of droplets
produced by pickering emulsion method

Fig. 6 Photos of dispersion of PMMA
particles under light condition before
synthesis (a-c) and after synthesis and
centrifugation (a'-c') using various types
of stabilizer (1%wt): (a, a') 20% ZnO in
water; (b, b) TiO, and (c, ¢') PVA

Influence of initiator radical

Table 3 Reagent amounts for investigation of influence of
initiator radical

Reagent

BPO (0.4 Wi%) (@ 040

o ——— Methylene biue (10 ppm) (@  0.001

£ 1,4-Dioxane (@ 4000

Fig. 2 Photos of P(MMA-co-EGDMA) dispersion before (a-e) and after (a-€) centrifugation using Water (@  60.00

various types of stabilizer (1%wt): (a, ') PVA; (b, b') ZnO powder; (c, ¢') 20% ZnO in water; (d, &) TiO,
and (e, &) silica

M, = 750,000
M, = 67,000,
g
H
N Fig. 8 Photos of dispersion before (a) and o 2 . 4M 6 8 n
og

'\, after (b) heating

Fig. 3 Optical micrographs of monomer droplets (a-e) and P(MMA-co-EGDMA) particles (a'-¢) using
various types of stabilizer (1%wl): (a, @) PVA; (b, b') ZnO powder; (c, ¢) 20% ZnO in water; (d, d') TiO,
and (e, ) silica

Fig. 9 Molecular weight distribution of PMMA particles
2, prepared by ms CRP using ZnO nanoparticle as a stabilizer .-~

4 Free polymer particles
' 10 96wt
I

ms CRP with PVA
\ ; SR A \ &
N S ¢ RS R M S
X . Fig. 4 SEM micrographs of P(MMA-co-EGDMA) particles using various types of stabilizer //’ m"_ " RM™ g = o 9 o
«_ (1%wt): (a) PVA; (b) ZnO powder; (c) 20% ZnO in water; (d) TiO, and (e) silica i S ’ ~ ’ stable new particles "

/" [1] K. Zhang, W. Wu, H. Meng, K. Guo, a p composite
I microspheres with core-shell structure,” Powder Technology, vol. 190, n0.3, pp. 393-400, 2009/03/25/ 2008, .
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" polymerization,” European Polymer Journal, vol. 44, no. 10, pp. 3271-3279, 2008/10/01/ 2008, 1
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In general, the secondary particle byproduct is formed competing with the main particle in microsuspension conventional radical polymerization (ms CRP) of hydrophilic
polymer such as poly(methyl methacrylate) (PMMA) The obtained suspension contained both micrometer and submicrometer sizes nucleated via droplet and homogeneous

n) Nt pectively. The byproduct formation is based on the radical exiting from the monomer droplet into the water phase initiating the
polymenzatlon with the existed monomer. However, in this work, it is surprisingly finding that the secondary particle was not observed in the preparation of PMMA-based particle by
ms CRP using particulate surfactant which was called Pickering emulsion. After centrifugation, the obtained PMMA-based microspheres were in the bottom layer where the
agueous phase was transparent. Various kinds and amounts of metal oxide nanoparticle such as zinc oxide, titanium dioxide and silica were used compared with polyvinyl alcohol
to clarify this phenomenon. It was found that submicrometer size byproduct particle was still formed. However, the formed byproduct was unstable and then adsorbed on the main
PMMA-based microsphere surface as confirmed by the obtained bimodal GPC chromatogram. The number-average molecular weight were 67,000 and 750,000 corresponding
with the polymer prepared by ms CRP and emulsion polymerization, respectively.

) 9.CS 8

Preparation of P(MMA-co-EGDMA) particles by ms Clarification of secondary particle formation
CRP of droplets produced by pickering emulsion Table 2 Reagent amounts for the preparation

of PMMA particles of droplets generated
by pickering emulsion

Table 1 Reagent amounts for the preparation

o Various types of stabilizer: PVA, ZnO, TiO,, nano-silica
Fig. 1 Schematic diagram for the preparation of

P(MMA-co-EGDMA) particles by ms CRP of droplets

produced by pickering emulsion method

Fig. 6 Photos of dispersion of PMMA
particles under light condition before
synthesis (a-c) and after synthesis and
centrifugation (a'-c) using various types
of stabilizer (19%w): (a, ) 20% ZnO in
water; (b, b) TiO, and (c, ¢') PVA

-CO-| i A -
LTS o ™ | e s v s
i oil MMA (9) 5.00 =)
Phase  Reagent BPO (4% of @ 0.20 o m Ll
_ y monomer) S s
oil MMA @ 250 Water — Stabilizer (1wt%)  (g) 045 R
EERI @ 250 Methylene blue  (g) 45.00 et
BPO [©) 0.40 (10 ppm)
Water  Stabilze™” Iwi%) () 045 Fig. 5 Schematic diagram for the preparation of PMMA |
Water @  45.00 a; PVA, ZnO nanoparticle (20% in water) and TiO, gmﬂzsa:si:‘gé{‘o?i:;ggf ;:a:;abilizer and methylene
|
|

Influence of initiator radical

Table 3 Reagent amounts for investigation of influence of
initiator radical

Reagent

BPO (0.4 Wi%) (@ 040

Methylene blue (10 ppm) (@ 0001

1,4-Dioxane (@  40.00
Fig. 2 Photos of P(MMA-co-EGDMA) dispersion before (a-e) and after (a'-€) centrifugation using Water @ 6000

various types of stabilizer (1%w1): (a, @) PVA; (b, b’) ZnO powder; (c, ¢') 20% ZnO in water; (d, d) TiO,
and (e, &) silica

Fig. 7 Schematic diagram for investigation of exit of radicals initiator

M, = 750,000
M, = 67,000,

0 2 4 6 8

Fig. 8 Photos of dispersion before (a) and o
og

after (b) heating

Fig. 3 Optical micrographs of monomer droplets (a-e) and P(MMA-co-EGDMA) particles (a™-e’) using
various types of stabilizer (1%wt): (a, a') PVA; (b, b’) ZnO powder; (c, ¢') 20% ZnO in water; (d, d’) TiO,
and (e, €') silica

Fig. 9 Molecular weight distribution of PMMA particles
prepared by ms CRP using ZnO nanoparticle as a stabilizer
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Fig. 4 SEM micrographs of P(MMA-co-EGDMA) particles using various types of stabilizer Nl e e Y

(1%wt): (@) PVA; (b) ZnO powder; (c) 20% ZnO in water; (d) TiO, and (e) silica stable new particles.

new particle adsorption
on the main particle surface.
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hyl glycol yl (P(MMA-EGDMA)) particles were prepared by using ZnO as a solid particle
stabilizer. The |n||uences of type and amoum of ZnO nanoparticles on the colloidal stability were studied. It was found that using 1 wt% of 20% ZnO in water provided high colloidal stable P(MMA-EGDMA)
partcles with the distribution of ZnO nanopartcles at the partcle surface . The secondary partcles were not observed in the aqueous medium. Although the secondary particles were formed, they were
unstable and they adsorbed on the main P(MMA-EGDMA) particle surface. This optimum condition was used for P(MMA-EGDMA) methyl (MA). The influence of
(MMA-EGDMA) : MA ratio was investigated. Using 80:20 and 70:30 weight ratio of (MMA-EGDMA) : MA, the spherical microcapsules were successfully prepared. Therefore, the improvement of
encapsulation efficiency of MA s required.

Introduction

Polymer microcapsules have received considerable attention in recent years due to their potential
applications in many fields such as food, drug delivery and cosmetic [1]. For microcapsules encapsulating
fragrance, the polymeric shell prevent reaction from oxidation caused by heat, light, oxygen and humidity.
Ithas been also prevent the evaporation of ragrance and control the rate of release [2]. Many techniques

Preparation of P(MMA-co-EGDMA) microcapsules
19 methyl anthranilate

Table 3 Reagent amounts for the preparation of P(MMA-
Co-EGDMA)MA nicrocapsules using Vrious weight rato

have been applied to prepare various core The of monomers
microsuspension polymerization is one of important encapsulation techniques used for the preparation of
microcapsule due to its high encapsulation efficiency. To prepare fragrance microcapsule with Phase  Ingredients Monomer : MA
antibacterial property, zinc oxide (ZnO) nanoparticle is used as a solid particle stabilizer in oil droplet 80:20
generation called Pickering emulsion. Solid particles can greatly enhance the stabilty of the Pickering Ol MwA @ 20
emulsion by the adsorption at the oilwater interface, which remarkably protects droplets from aggregating el EGDMA (@) 200
and guarantees a high encapsulation efficiency [3]. smemnr 2000 wean m © 10
In this work, hylene glycol P(MMA-co-EGDMA) R e .
methyl i (MA) were prepared through microsuspension o 8% of @ 032 0.28 0.20
polymerization. The monomer droplets were prepared by pickering emulsion method using ZnO monomer)
nanoparicles as a partcle stabilizer. Fig. 8 Schematic diagram for the preparation of WA ZnO" (1w%) (g) 045 045 045
DMA) i Water (9) 4500 4500 4500

g methyl  anthranilate by
Material and Method e et e
" . Il th
Preparation of P(MMA-co-EGDMA) particles by ms CRP emuision method
of droplets prepared by pickering emulsion

Table 1 Reagent amounts for the preparation of
P(MMA-co-EGDMA) particles by ms CRP using
1 various amounts of stabilizer

*20% ZnO in water

Phase Ingredients Stabilizer (wi%)
i [ ‘ 025 050 100
Homogueeind T
. ninle ol MMA © 250 250 250
DI 0L Lo ben S0 ae,en EGDMA () 250 250 250
s st s BPO (4wmt% (9 020 020 020
L of monomer) Fig. 9 Photos of dlspelsmn af P(MMA-co- Fig. 10 Photos of dispersion of P(MMA-co-EGDMA)/MA by
em— ‘Water 3 fore (a-c) and (a-c) monomer droplet and (a'-c') capsule various type ratio
. “no (@ 05 @2 0D after (a-b') centrifugation usmg various weight  Of monomer : MA : (a,a') 80 : 20, (b,b") 70 : 30 and (c-c)
Fig. 1 Schematic diagram for the preparation of Water (@ 4500 4500 4500 e T ATTeY 0. (5. 0)
P(MMA-co-EGDMA) by ms CRP of droplets prepared 70+ 30 and (¢ 5050
by pickering emulsion method #;ZnO powder

Teble 4 96Loading and Encapsulation of methy| anthraniate
of in P(MMA-co-EGDMA) microcapsules

" Monomer : MA Loading (wi%) Encapsulation

{ Experiment®  Calculation® (%) (D)
(#SD)* (#sD)*

[ 5050 B N
! o 70:30 5501 (+218) 5374 (:0.62) 12031 (+1.78)
1 80:20  37.36(0.85) 3556 (:0.64) 12188 (+163)

Torpmten ) n=3
Fig. 2 Pholos of dispersion of P(MMA-co-EGDMA) FIg: 3 Optical micrographs of monomer droplets (a-c) and “TGA thermogram

b calculation using the following uemon
particles by (a-c) after synthesis and (a-c)) after P(MMA-Co-EGDMA) pariicles (a'-c') using various amounts Fig 11 TGA thermograms of MA (=) and ing 99“

centrifugation using various amounts of ZnO (W) : fci i"ﬁ LA (D3 (YO (B ORI encapsulaed WA in PIMMAGoEGDMA) Vi Aand 3 are weights of T S e
(a. @) 0.25, (b, b') 0.50 and (cnanoparticles , c') 1.00 m\cvocapsules at various ratios of monomer :
MA: (=) 80: 20 and (—) 70 30

Table 2 Reagent amounts for the preparation of P(MMA-
co-EGDMA) particles by ms CRP using various types of

stabilizer
e e e Conclusions
oil MMA @ 20
EGDMA @ 250 P(MMA-co-EGDMA) microcapsules were successfully prepared by microsuspension CRP using ZnO
=6 @ o nanoparticles as a solid partcle stabilizer. Although the secondary particles were stil formed, they were unstable and
2 then adsorbed on the main P(MMA-co-EGDWA) partil surface. Using 80:20 and 70:30 welght 1o of (WMA-EGDIA)
Water — Stabilizer” (1W%) — (g) 045 MA, the spherical e formed. However, 1 ion and loading of MA were quite
Water (@) 45.00 Fig. 4 Photos of dispersion after synthesis (a-c) and after low. Therefore, the of of M d.
centrifugation of P(MMA-co-EGDMA) particles (a"b') using
2 Various types of stabilizer: ZnO powder, 20% various types of stabilizer (1%wt): (a, a') ZnO powder, (b,
Zn0 in water and 40% ZnO in ethanol ') 20% ZnO in water and (c) 40% ZnO in ethanol
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Fig. 7 Molecular weight distribution of PMMA
particles prepared by ms CRP using ZnO
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