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ABTRACT

Because of environmental concemns, the utilization of bio-based, renewable resource
materials has attracted great attention for a wide range of applications. In this research, cellulose-
based microcapsules containing capric acid (CA) which is a bio-heat storage material were prepared.

Cellulose acetate butyrate (CAB)-grafted-methacrylate polymer microcapsules were
produced by micro-suspension iodine transfer polymerization to encapsulate CA. The influences of
methacrylate polymer type and amount on microcapsule morphology, encapsulation efficiency (EE)
and thermal properties were investigated. It was found that using methyl methacrylate (MMA)
monomer, the colloidally stable spherical-microcapsules with smooth surfaces and core-shell
morphology were produced. High percentages of EE, > 70%, were obtained at all CAB: MMA weight
ratios. The latent heats of the encapsulated CA were a slightly lower than those of the original ones
with no supercooling. The spherical microcapsules with a high %EE were produced with an increase
of CA up to 60 wt%. After 100 thermal cycles, microcapsules remained stable with thermal stability.

It can be concluded that CAB-grafted-PMMA microcapsules encapsulating CA were
successfully produced by micro-suspension polymerization. The obtained bio-based microcapsules

could be well applied for heat storage and temperature control applications.

Keywords: cellulose, capric acid, heat storage materials, microsuspension iodine transfer
polymerization, supercooling
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a % ~ & a = Aa | a AV Yo
dundey Wewnwaglaa (Cellulose) Wunedwesdinmiiusunasnnlusssund lasu

v

Anuaulaldludiusing 9 1u 9113 81 waziAsesd1e Meileglusureaaglaanioauius
! v & [ Y A Y v [ 14 ! o [
199 Aty mndwaglaaunldiduvdenlulasualgariuianivanuioungunsalududy
wnungly axibilinediweslulasuaugadniuaiusouilesonaina1sdinim (Bio-based
heat storage microcapsules) d3aziinnuludnsiudwinden ninUszaunadiialunis
WawnmswssusaUgaiuianiuauiouniuiiaue srldnedwesualyadinimiuian iy

v ) ¥ a pus I~ [ a & I's 1 a ¥ 1
ﬂ’J’]lIiE)uV]llﬂﬂEJﬂ’]WQﬂUﬂﬁU’]VLUIGUQ’mf\]N Faaziduuinsnssundulseloviognadalususig

9 1w Yagneasne dwme uazndsanu 1Dusu

1.2 Ingusesa

1.2.1 Wefnwiniswivunedweslulasialgagiuaglaaunsaludumenssuiuns
duATIEALUULYINADY
1.2.2 Wefnwautiveslulasuaygaiwseuls

1.2.3 WefnwUsgansnmnisauugamgiivesiulasualgaiinseule

1.3 YAULUANIIUIY

1.3.1 Anwraneimugailunisnseunedweslulasualyagiuwaglaaiunsaludu
1.3.2 Anwnaandiveslulasualgaiinsoule

1.3.3 AnwUsgansnmnisaunuanmvniiveslulasuadyainieuld
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1.4 NSAULUIAINUANVDINIUIRY

Y o [

wodwesuauyariuTannuaruseudusalgarianiandnisfinw duaiuwaginanly

9 9

Uselegiliun1agnanssueg LN viane 1y gnaIMnIsuNIeaUNEa1u[24] 9nanngsy

=

foa519(25] uarvgnavinssudmel26] Jefvesnisiuianiuaruseutiu de n1saiemaly

9

Sowvzgniiiuiiniiuidusgaunn Tagnuanuieuszgnarvaunmsivasunlasdsunnsidein

Y]

n1siagudgnia wazdesiudninavesdwindeaunisuenseanisildsuilasandanse

donanmuesian nmsidenldanivanuseutiuaztueyiuuiunuaugauiou was

' '
a A

gaungdfnestesiunsldaul2r, 28] Taniuarudeudaililasuanuaulalunisiily
Uszgndltalususing q nsnlesiuduiagfuanuoundumisigninunld esinedy
a5 laififi 1Aansiusbaani uasiitisgamniilunsiasuigniadeutiana 3q
anansaidenldaulanuaumngay lngnisdinldnuasesenlusUremediuosnounadn
(Polymer composite) funedweasslianiie 4 viawielugunodwesuatgaiiotosiunis
$ilvavestanfivanudouszninnisldau usdumnaglinedwesntlnnadiduden
WU wodluialuniasian (Polymethyl methacrylate) wWAUgav ua1SHANYDINTALUTATIA-
nsaalliia (Myristic acid-Palmitic acid) [5] wazwadalnsu (Polystyrene) lulasuaugaruans

HeENYDINIANaNifiA-nIAAINSA (Capric acid) [29] Wusu

Y o [

drusnnmsessunedwesialgavuiaginuanuiou deunsedluigaiaseiiisses

9 Q

J¥UUNTEAY (Continuous phase) Aa U1 Iagldnszuiumsiie q lawn nsiwSeuuaugaves
wod(alnTu-la-witawmi astan) viun131fu30] n1sinTeunediuasualyaueannzAniAY

[30, 31] wagn1snssunediuesuaUgavEnvzianAu[32, 33] InuN15HUATIZIRUULYILARY

a a

nswssuualgaremedalasuineanazaniau[34] uarnsduaTIginediufialunIAsENyy
lamAIUBa[35] A1ENTEUIUNITAUATIETUUULYIUABELALI TN Y (Miniemulsion

polymerization) lagnsinTeuneditasuaUganIgnszuIuNSHUATIENLUULYIUaRE LAl

C Y a

dfatwdunadaiilasuanudeuuin ieswinnalnnisiineunimdusuunen (Droplet

[%
(Y

nucleation) @1sfifesn1sinazazateduilofeaiuteuawesauiiuiu Weianedwesls
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wunelunenazaunsaunsainiivaisifeanislinelulad vinlidussansainlunisvu
(Encapsulation efficiency) a1 agndlsfinu wedwesnldilulionuaugaiuaniuainuiou
| I a € o ¢ o > s v g v v

drunnazsilunedwesduasiviniunanUinsaddaudunsnensildudmualy uazes
nebmindgymdwindeuluouian ludagduidauaulalunisdmediweidininunly

a

v ! & a sl a =~ o a = & a
V]@LW]‘UIU@']U@]'N 9 L%aQIaaLUUW@aL@J@sﬂn.ﬂqW%u@ﬂu@WﬂﬂJqﬂiuﬁiiﬂJsﬁqG’] INNﬂQWNLUu‘W‘H

'
a1 1

INNSANYINATENRULINUD Tnsinwaglaauazeunusvesaglaauildlunisunisiv
Judaneounedniuiamiuanuiou 1wy reunednvessaglaa/nswvinedieiidulnansale
WadLues (Cellulose/graft PEG copolymers)[36, 37] Aasunadnvesnedtlonaulnansany
\waglad (PEG/cellulose composite)[38] ApunadvvaInIAAInIA-nsalusafia-nsaadeIaiu
mazﬂaa (Capric-myristic-stearic acid/ flexible cellulose composite)[39] LLazL%aqiaaﬂam

a

A a a & o o v a9 Y oa 8 a &
wednfidnsalusaieduiagiuauiouiilduiiawaglaawarlansondiofiawaglaailuum
309 (Cellulose-based-composite containing myristic acid)[4] LJudu wagsnun1sAnwinis

= a s v o v A v ¢ a A v
wissuwedwesuauyariunsaludumewaglaaniosyiusvesvaglaaluuiuadides Taonis

[

[y Y < $% I a s aa a
ﬂﬂLﬂ‘U']ﬁﬂLﬂ‘Uﬂ’J’]@J‘JQN@@ﬂUEU%@QW@@LM@?LLF’]U"’Q&I@SLQWWSLLQ‘U?&@WN%W;@WN’JWB’]LL‘U‘ULLﬂ‘LJ—
P v ) o < k4 ' v val '
\Wien (Core-shell) aganunsadesiumsiiivavesianiuausauluseniramsldaulannii

a a = a v 3 1% ! v &
ﬂ']iLG]i‘EJlISLUEUGUENﬂEJJJWEJﬁVI ma@mag@ﬁmﬁ@lmum1313@141‘1453‘1/131%151%@14 UBNINNU
= 2 & 2 a & da Y | o
mswssdluguuavgavunanislulasiasunluums awdunmaiuiuniivesiangegrann v

NuUszansamlunismenasgaausaulan

TaglunuidedFadinsy sduimuinedwesiulasiaugainnedfiuesdininngy
waglaadmsuinaniumiudaungunsalaiumienszuiunisdunsizivuuiiuase lng
& v a 2w & % A = N al
Benldnsanmia Wulagiuanuiou Wesindeamgiilun1sidsuaniugUseunn 30-31
aerwalea Inalfssivaunnilulseima uaziwaglaaesdinniafiism (Cellulose acetate
butyrate; CAB) 1Juden wislildlulasualganarsdinmindudinsivduinden uasd

Ananmlunismivaugamgiiluaimsiiion susendanaeanu
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1.5 Uszlewunaininazlasu

1.5.1 lalulasuaUgannediwesdinmdmsvrunsaludumenssuiun1sdunsiey

bUULLYIUABY

1.5.2 idunuunedweslulasualganiannsaniiuanuioustfivszdnsnm

(17)



uni 2

N BfuazUITeNNYITD

2.1 Jaqiuauiou

v IS 1

Faouuanuseu vietanudsuigniald Wegumgdludwiedeufiangenitgamgl

Y 9

n1swWdeuignia (Transition temperature) vasianLivanuseuasyinliiinn1sganinusou

a

(Endothermic process) waznelilinnisiasuigninainvesudaduvennad wazillogaumal
YosdsnaaurIningunginisivasuignavesianiuanuseusgyiliinnisaeauseu
90nu1 (Exothermic process) uagnaliiinnisiasuinninainvesvanluvends [42] \An
& v v w - Y < 1% | = ] AV oa 5
Juigdnsdsnni 2.1 eedagiuaiusauiinsesdanuaiesaearsall lilduiiy s1aen &
ANABUT19IEIMTUAIIUYAINTOU (Heat capacity) dAn7igalunisuiaiuseau (Thermal

conductivity) linnsifudigseindn uwasnasuwallugiegaumgiinisldnu Jagiuauiou

WethlUldnuasiansanangreungiiniswdsuignianlndlfsiwazmunzaudiunisldau

VBIQUNIl
High
temperature
Endothermic > \\\ Exothermic
process \\% . process
(o))
£ =
E PCMs core 8
Heat of melting T ©
AH,, y
—7 ~ » Heat of crystallization
\_/ AHC
Low
temperature

Ml 2.1 Jgdnsnswaeuigniavesianiuanuiou



Tnevinly annsautsussianvesiagiuanusaussniduaengulvg 9 loun
2.1.1 nfcjumsaﬁw%é (Inorganic compounds)

Fasuiuauseuvesnguarsedunidngniunldalveg Ao indelawnse

[

(Hydrate salt) laun uaaideunaslss uwazindelufoudamn Jaauemiusoulszanidnig

WUANUSaUNTUTEANS A wedalideatds Faluszninanisldaruasiinnssudinudundn

dawalinsiiundsnuiivszdnsnmanas uenaindduinnsiumbeein wazlisiangs

2.1.2 Nguans8uvsd (Organic compounds)

1Y

anuiuausoulunquansdunidanunsodwunaendu 2 Ussan fis nqud
Lalgws1Au (Non-paraffin) lawn nsnludu uazwedieidulnanea uazdnnquuis laun
w131 (Paraffin) Fudutaniuainufeunindainu (Alkane) NEnfudieiussiieIvesaisld

ANSUDU LU DENAZIANIAY LENTLANIAY LAYINNIEIANLAL

1Y

anuuanuseunquuilalasuautien As Januanuseunguansdunsd

Usznunsaluiiu [wu nseansa nIawalya nInlusana wazninassea duduansyinIndte

(%
o w

nuukarliiusssund dnswdsuslasiunsseninimsasuigaates lufanudu
iy J¥enisideuigniaiiniie fadsumannuiouds vaeumailad tinnisiluddsead

WALIANULEDITNILATILAZ AU DUNG

! 1 < 0w [ 13 14 A o v A
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Filvasenirnssuignia Fesviilagdefaniuanusou gydeussansamlunisin

U Y 9

%
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Aundanu wazoraintymuaiiviedunndey felu Jndudesiuvsedniiulieglugy
YaawAUgaiogno1en151ldu AmuaNUTHIRTIENIAAnNISABETNNIA SINNGANHUNNT
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2.2 WaALNASTININ

'
a

NOAUBDIVININ AB WOALUBITNIANTITUINRNIFALTIN[40] TnevidtuneduasTinin

' v
% S Y =<

Jutagiflogsdsunandutaniasrstuluild (Renewable resources)[41] Sunasininain

9

a

MA189819 LU 31NAUNTE (Microbial system) afinanniiy (Extracted from plant) #38310
NMFFAATIENAINTITEUUTINN (Synthesized from biological system)[d2-44] wodluasves
sindiidenie duulnajannsadosaaeiedldnulusssumd wasdilanudriuldnidnm
(Biocompatible) Fsflsanorandszgndldaulunmsunmd asifuusuazemns 3esdionuay
wAnfuIin5aRn 1dern uazTangaduld2, 43] Fanedwesiinanunudseenidu 4 ngulug) 9

Ao wodudaalse (Polysaccharide) 1Usfu (Protein) wodleaines (Polyester) Lagnadiuesw

UaniAe (Specialty polymer)[43] Famsedt 2.1

a & ¢ a ¢ a 3 & ~ o & = o a
woaudar1lse tunedwesdinmAnunluiivuazdnd Fedrulsenaundnazl
Aslulansaiduasdusznau wedudanislsmaziidasas 75 voanealLasINNTINUA[37, 41]
frog1anedaudaailsanwuluing laun wds azusznavlidisezlulaauazezlulamnniu
waglaaliuSunaudidesas 45 vemedudanlsdiiun Aumldluunassssumdnilvlulan
antiu WA 619 9 @msie Un @inNamsiedlnmna) ATALLL (@inanaInsIewnd) diu
a & & U ey A  \Pn & A & faa a

noaudaalsannuludnd lown lalowiu wazlafu Fensaesdunsdudanilsaidusuiuun

nyesnaglad uaznedudanilsannurelalusiuazwuailide laun naquau ueuwnuiy

wATLANLNTU[37, 44] 1udy

A5199 2.1 N1SILUNVRIVTANDALUDITVININ[44]

Usgnn FBE1INDANBSTININ

nodugAAlsA - fukavaInsie
wde (eglulaa evlulawnndu) waglaa twndu yn
A58 ANSITLUU

14
3

1
Se

waau leegaetinuedn Lorduuy
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- hUATLSY
Tafu Talaw U WrULNY anIu Nodankanlagnlus

ANWNTU

TUsAu fnded Wwou Anedy vy danaiu wedeziluwedn

LRANAL/ABAANAU WORlaTUY

NOALDAYDS NOALFNTINTABALULEHN WOALNAALDTAN NOAWAPRALDTA

NOALUDTYRANLAW Wwakdn Antiu &195ITUBIR

waglaaidunedwesdinmiiaiuisagesaaislaieniusssuyd Usenauludae
Aslulaimsm (Carbohydrate) Ussinnnedudanilse sdalalunedudanilss (Homopoly

saccharide) fiddmnlananags dunsulassaswvesaaglaalsenaumelilanavesnglaa

(Glucose) Nfinylansonda (Hydroxyl group) Wumguan wnsessedumieiuszlnalagan

(Glycosidic bond) fin1sdnseaditumidusedeu denind 2.2
A HO.  OH-p HO. OH
-1 OO .......... 0 OO
° A J
H H
x HO.  OH - f HO.  OH
o} o OS got :
P 0% d
: H : H

H HO.  OH A HO.  OH
0 d © d
N >
H H

AN 2.2 anvaignisiaseaiveduananglaaluaglaa
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2.3 watlansieuualglaty

msteuuAvgady wnelia nsveuasiisesnsdusnulinely nefidenvesiued

Aguan mallansleulAUYaivagis wu
23.1 mﬂﬁﬂmiLauLLmJ?gLa%JuVI’Nﬂ’lﬁm’]W (Physical encapsulation)
2.3.1.1 wallansnwdu (Spray cooling chilling)

nsn3sneunanavgalagldimadanisnuiy axvitlagnisinans
a ¢ & & a o Y o | Y v <
wNUNAIaENaAasINarasulatfednu wartlunulussuuanusumingagldaudu
Tunsyilmuasnnediwesiinnisudasn vinlraiuisadniivaisununatslile Inewmeadatazli
) v =] = 1 1 < [y} ::l' (=
liasununasgamenseideaninluseninenisnudulas-47] wangiuansnlidany

BRERIDRVHHGE
2.3.1.2 wmAllAn1SWULIAS (Spray drying)

< A aa o = a s
Juwmeliandeuhinldlulsanuepamnssuussinvnseseuneiues

1 1% 4 A #a a &g vy ° A A ] Y Y a A A
wedgaviuansivisavisendu dadumalianldiunusi wIesemdte aufeuiumalinuildly
Isanugaaimnssy Wuwmeidaniianuseuuniibitianedwesuauga lagvinsnseunen

a acaa ) A & N v o v M a s Y
d199UN EJV]ﬂJﬁrﬁLLﬂUﬂa’NNﬁlm‘Ua'ﬁVlLﬂULUa@ﬂLLagﬁ'JquagaqU@’JSLﬂiaﬂiﬁiﬂiQIUL%@iﬁlgl@

Y

dfadu waznlununAuiua gungiiuszann 100-160 sargaidya Ml wagAavii

£
= = =)

avangszmgeanty wvililanedesuauya danwmi 2.3 wadalaziinnsagdeaisununand

TR

¥ =

v dransununaraduniniiansosemelasmselinugamg i daludedesd1amil

[48-50]
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Core material —L Homogeniser Hestedair

Solvent O O O O O ‘g or gas

+ Mix tank
Shell material /l\
Cyclone
Powder
Drying Collector
Chamber
Collection
Vessel

dl % v a ] v
ANA 2.3 NsieuLAUYatUAIBmATANULAS
2.3.1.3 WANANISIZLREFIYINaYaY

a dy |~ a a 1 al 2 a = P 1 LY
wealladidwnatdaiiazain 418 dn1sldiaIesdensianlidgennin

1 ) v [ =3 1 a a '3 ¥
wineuin1sdluussgnaldeululssnugnainnssussauan Wy nswseunediuesuauyadi
Iandudmemaianssemesvinazaty lagldmatan1siASguNeAE1TOUNS & LUUN AL F19
P o a a a a a a Y -si’l’ a [y Y] ) =
AN 2.4 Tagdnedueananinkadauwazisniudazarglimduiamennuludvinazaied

Winzaukaun luNaiuasazatevesatsansananl dlutuseeseddaludluwes azle

a5 al

BT UVBINYAANTALAYDUNIINUTLNBUAY WOALDAKAARNLDTA INNNUDLALAIVINALANYT

a

[ & a [y & o y v o ¥ a s aa
araglUuluaLmeINy 1NUY ‘L!']VL‘U{juigLViEJG]’JV]’]ﬁ%@’]‘EJEJEJﬂﬁ]SI@WEJ@LM@iLLﬂU“QﬁI@IUWNW@ﬁ

woakanfnuadaluiudeniuindud esnnedueananfinuedaiaiuyeuiiuinnin

[
= b A

Fafiud FJuedeunieanusuuannateidullden melan1ssevedivinazated azfeddan

s

NOALUDS

(% ' '
] = v A 1

wallatlagiinisnszatediinieiliazvuinegseaululasiuns mndeinislivuinveaned

nilanureuiInnIasinunadaiinnsulas wedesuauyainseulaeie

wesualyaiinisnszatedifiuauuazivuineuniafiidnasainnsaldiainnisnsouen
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A159UVSELUUAY 9 WU MIWSEUVEALUUNGUIgNAmuaiumATianTserediazay s

AR 2.5

o PLLA
Vitamin E

PVA Solution | 500 rpm/min

Solvent Dry
evaporation Room temp

i a % v o ada a a a6
AINN 2.4 L‘V]ﬂ‘Llﬂﬂ’]iLE]‘LJLLﬂU?gLﬁ“U‘ULLU‘LJﬂ']'ii%LViEJG]’J‘I/I']ﬁ%ﬁ’]‘U 1AgIBNISLASIUNLARITOUNSY

LUUALLAN51]
e 0 TN ¢ sDS
O PLLA ) solution
| © VitaminE |
LOPVA |
Lupem
e
|_Stired | 60
(800, 2mi Tmin ) i
20
>
-
aae—— | ) 0 )
205

AR 2.5 wmallanisieuialgaduwuunssemeininaraty IneIsnsnseunenaseunse

WUUNAUINAA [61]
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a & a a s v a
N9 2.5 1 unsnssunedwesualganadniudaiginaianis
segfiinazate ngldveliauuunduigniauinssunena1sdunsd tneunedloalanfnge
Fn wodlhdauoanegeduazinifiud azareluillodeiuludviasarefimunzan udrluiu
1Y o < ' = o 1 =% a a a
mgluinfAn13s 800 seuseui Tuvaenlulienansazalevetansanusesaiidnsiinadly

d1saza1udunidnednssna Wenamulussiinnsnauigaeifiavenasazaiened

wes ihlusemedvhazans wagndinuuaglinedwesuauya
2.3.2 wadansteunaugiaduniaail (Chemical encapsulation)

weadlandendanld As nisduasigviveusweilagldnalnnisueningain
8T (Internal phase sepeparation) N1sANAzNoUAILAISIAN ( Coacervation ) LagN1INed

wolsiwtuiisesnasenIRImTNvesEesdIu (Interfacial polymerization) [17, 52, 53]
2.3.2.1 MNSRNAENBUAIBETSIAL

Juwedausnildlunisieunedyadu lnenediuweswazasivsiony
resliazargluignirdaidasuazanunsaidniuls lnenismseunediwesualganiginaiiai

o I aa £% 1 1% =] 1 z .
Twuneenidu 2 35 ldun n1sanagnauniealsialuuudne (Simple coacervation) waznis

[
a

ANATNBUA8ANTIATUUULTITeY (Complex coacervation) Fsagfidunaulunisiiniluned
weswalgasy 3 U laua 1) Tumsunswieamenansdunie 2) nsiinlden uag 3) N1suen

a s o :an'
W@aL@J@iLLﬂﬂfga@@ﬂﬁnﬂﬁqiagaqg PNAINY 2.6
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Polymer Drug
dissolved  particles
in organic / Add nonsolvent while stirring

solvent =
-z
Nonsolvent \_~~

Coacervate forming ©

Precipitation / \ Engulfment and

without encapsulation encapsulation

INI a U ¥/ ¥ a |
ATNN 2.6 LV]ﬂUﬂﬂ’]ﬁLEJULLﬂU"gLa%UWJEJﬂ’]iﬁlﬂﬁ]%ﬂ@uwmﬁ’ﬁmllLL‘U‘UQ’]EJ[54]

NN 2.6 NstAanedweiwAlYalaamAliaN1TANATNaURA 1Y

A1 WUUINY SuduaInnITiIneawestnazatslusivinazaneiianzauladuansazany
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Y o

Bun3d 91ty dhansiideanisiu wu 81 lnszanesegluansanussisiadunenvaten wan
wasluansazangdunsy wazneadvinazatefliazarenediues inlidA1nsazagvesned

'3 a 3 DA & a a M oYy , oA
wesanas wedesuiuivenvesenduinainnsanagneu lngasddiunlilaiueuazaiun

vueliAndunedwesuauya 210ty Avhnswenwedgaiueieanainaisazalefiinans
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Emulsion Coacervation Reticulation
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Oil

P a ) % a a v
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v
o o a

Suduannnsiifusasieaafuazanedudoioafulaeiifuess Oifuansanuseia ud
Ul uagldsiTady Tnvansazarsaznaudud oifoafuiinios 6 wideftteviinnig
Wasuwlaaduussun 4.5 wislvidesnin 6 suinnsdnisesiaiululdenweua Tnedians
anussideuseutiy Wesefievdinisanas fueyndn fuszdiuau drumaanfiuay

= & = o ¥a = | o a o~ - a o § v
fuszulunindoinliiiousefegaseninelsyy wagyinisiiuiewvsegumgiasyinliiuden

v
ad A

a a ¥ v A YY) @ P 2 ada [
mmmitﬂaauwaqLLazwmmmﬂunawimmmmLimmﬂu ANAINN 2.7 W[ULUUITNALAIN LG
a 6

glonedwesuauyaiiesdnuuniansizdinalnlunisiianedwesuaugarsudidudou Ae

ALAANNUR AU
2.3.2.2 wmAlan1snediula bsiutunsasnaseningmn

msnedwelswduiisesseszwinefinussnaudae 2 waila leud a3
d91AT1EMULUUAIULY Y (Condensation polymerization) Wagkuud ug 1 (In situ
polymerization) Ingn1sdaiasieriuuududyaziivannisiianedweswalgawiadu 2 diu
Igun ansfidesnisinifunazueuewes lnesuduiasiidesnisiniulunszaesluaissy

Ufiseniieliiivesansisesnsiniiuiiansisuuisewazaisazaloanisafisilanauu
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nszaedludIsazatsuauDwes wdwiliassuufnseuwnndafiiivesasidesnisiniiu
AUAATEMILATINTBANUTOU UBUBLLDTILSUNWRAE UL TENINRIVRIENTNADINIIAN
Auld agldmedwesuauea uimelinliasineunianediuesdase (Free polymer particle) Tu
wtstuiunmsinuuRavesasidesnsiniu Jainlinedwesuaugalaludnuuies du
nMsduasizikuuAIuLLY dnalnnisiinnediuesuauya fe avdesliansidesnisviuuasious
L a d‘ 1 %’ [~ 4911 a (v [ a a6 ¥ o a
wesyian liveuurazateduiiaifediuluigninvesarsazaredunsd wardrluianly
o a oA v a v o y Y ~ ) 1 ¥
a13azangvIETanuwIRRIielAnn1InIEaed uhluduaslineniinssaediaglulives
a ae Y = a & =1 a % v vaa aca A o o
a13aza1uBuYsy LamlnAnNeuaweTNveUUIBnylanilaiudssuUATe Nazaeiukaadly
TuszuuAazinnsnediwelsiwtunsesoseninmivesausasnazatsluiniuuausiLasn

azangluansazaredunid azldnaninend (Redox initiator) Wum3i3uUiAsen Ao In135u

wazNsBLENATU
2.3.2.3 msdunzviueusmesineaifenalnnisueninaianielu

Junsdupsizinedwesuavgalussuunszaeniiindudiina1adsde

Fnfeultlulssnugeamnssusarliifudunsesedwinden nswisunediueswalyad

[
=

WATANReUlY Ao NSAUATITALUULYIUADY hazkuuddady Falnalnn1sdansiziinnuy
aeluteuswesniluneaniiouiu wedwesualganwsoulassdvunegluszduuiluung

wazlulasiuns aud1au lagluauddedaziinisAnwinisinseunediueslulasualya 39

LN N TEUIUNTARATIZILUULYVILADE

ANSEILATIEANDALUDI AINTSUIUNISHUULTIUADY T ILUNIY

gnamnsaundunszuiumsnisifen wagluszuuusznaulufe 2 Sne Ao TgniAdun3d
(Organic phase) wazipaadeiies Fudulnenanf3isuufaser asfifesnsiu wazueus
wosliidwdafiertu Fond1 Ygniedundd wdnilunssaediluansanussisia Fend 1
masteies udhmstusSeumeameusadougazihliAnmsunnivesueusiuesoanidy

£%

neakvIuasgaglufiina langmlludvuaduriugudnalvementousilasNiintuare

e

TuasUszanas 10-1000 Tulasiuns FuadiudnsusilunistueSounen wavinnI1sduasIzriag

Y
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lawedweslulasuadya Fadnlaenalnnisuenigninnisly lneneuewesivdeuluiluned
wes anudiulivesansidesnisiuiunediuesazananios 9 auaelgnediuesenianiy

8173099 (Critical chain length) denalinedines (MlA11u¥aULININNTT) AADUTTDDNLUA

[
=] b4 o0 £ = 1

naUULUADNAIUUBN N1TEASUUMILINATATALFH DIANTIRIAILTIRITENIN9R7 (Interfacial
tension) U9IMIUILAZLIUDLUDS TIkTIRNITENINRIVDIUINULBUDLUDSAITLAINININLIIAG

seniniIvesansifesniniul fsnni 2.8

Polymer capsule

Monomer droplets

Homogenized
- ( N

{

70C24 heN Qé @
O

Strnng rate @
200 rpm -

PVA solution
(PVA' =)

a v v A o ¢
AINN 2.8 ﬂ’ﬁLEJULLﬁ‘UGQLaGUUWJEJLVW’]Uﬂﬂ']ia\'iLﬂﬁ']%‘l/TLL‘U'ULLGU']ua@EJ[56]

2.4 UMDYV

Y

PNMIANYATL TN UIINMSeTRnefwesuaugaluunseuluszuunseanei

= & W oA | = v a ¥ a g % a

funduignmesaiiles wu Manssuualgaumnilulaglinefiuesdinmmemaialaes
woniin[57] Mawsunediesualgaiuosnavineaulaedwaifiu-esundleddudonlu
seaululasuazunluins(58] wasneduesualgariummssinaaumegsy-Wosindlan Mmens

a

FuaTiuuududy[59] n1snTsuwAvYai usUAtAALALA1ENBF T aluNIATIaNntag

U
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CZ

N3EUIUNTFLATIETRUUBTATUI60] wazn swSeuuwaUgarasnedalaTuitoanastaAAULAL
IALANTLUDANIYNTTUIUNTAWBATIZNLUULANDNATU[6 1, 62] WBNINNUL ATLUIUNNTAWATIEH
wuuwvnaeedilasuanudenluniswisunediuesuauganuianiuainuiou Wu Mawse
welgavesnedalasuuasneadaleIulawiiaumasianiumiiules, 641 nswSeunAUgaTes
wodlahillaluuduiineenaznAAULUUNEUWE20] N1SRSEULAUYaTIIoBNAIAALAUAIENEDE
(WAAUNIATLIAN-02ATLAN)[65] FMIBATEUIUNITFUATIZRLUULYIUARY g dumalianig
v a [ a 3 d' v . .
AALTYINIVDINDALUDIN LENTNN1A (Self-assembling of phase separation polymer;
SapSep)[66] Banuneunavesnediuesuadyanlaegluszaululasuns In1snseanedives
A v a v v a a = a va =
aun1ANNI1e Mswseuualgauenszinanumened(ialidaiuudu-svasian) lnglddsed
Wosd nand LWULUTU (Shirasu porous glass membrane)[13] A18NTEUATIERNDALLDS UWUU

WyIuaRy wultAUSunaauieuretengsinanungniiteg Meluliaiuunduiousuu

YaseyATaNLauaasiINNTuLazdin1sNTEERITeInaunIATiuay s

LY

ag3lsinu nMswSeunediwesualgariuianiumiuioutiudlidonss fe fA1Ay

SPUVRINTHAYUANIULYDINITRADULNAILASZNITAARNANGT F991998U19NN5NLA8lgNed

[%

saa o o o 1 = | i & a s o I3 o o § w o
wesnihvdnluanaiiduniiluegseniindionnedwesuasTasiuanuieu ilvuendy
aaseInenedwesuazianiuauseuldauysall67] nalnnisduasieieyyadassiuy
AIuAN (Controlled/living radical polymerization; CLRP) 1umaiian1sdunsizvinediuesi

L% i')’ £% | 1 a 66 va Y a % Y a
A10130AIUANNIINTEAMTRs TN Lluanawdasanglgnedwaslvilvuinlnaifueiule &
AuautAnAvulunsuluszendldaudusing 9 mndhuidssendldluniswieunediues

Y] I3 Y | | v i v a a &
waUgauaniuauseu trazdmalidinnuieuvainisidsuaniugiiiuiindu lag CLRP
Wudivatenalndsdwunmuviinvesdaauguuindnluiana 1y (Nitroxid-mediated radical
polymerization; NMP)[68] (Atom transfer radical polymerization; ATRP)[69] (Reversible
addition-fragmentation ~ chain  transfer;  RAFT)[70]  (Organotellurium-mediated
polymerization; TERP)[71] 91nn13@nw191u3deiiniuun lalinnsuwmeila CLRP unussenald

1%
o

lunszuiunisduasizioynianediweswuunseaeiduniuigaiadeides wu n1sidinaln

aa v o

NMP usSenaynia  weddlnsulunssuiunisduasieiuuudiddatul68] nswisuuden
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TAnedLuasvaanedalnsutas Uianiesaniunssuirunsauas1ziwuudiatu tneldnaln

fa v o

ATRP[69] n1sunaln TERP unp3sNeyn1aneduiiaiumiasianiunssuiunisdunszisdatu
A 9 v =® a a a saa ! v 1o !
aildansanusafiafa[71] wazn1swmssuounIAnediueiNiitednienaln RAFT wadanuin

nabn NMP duiinisldaaumgiias naln ATRP uag TERP dnsldlaveminiidanuduiivisly

a A

wanglunsnsedlugeaivngsy Snnalavilaves CLRP Aildsuanudeude nalnnislendreane
Telelofu (lodine-transfer polymerization; ITP)[72] #aluwmaiinniinisldasuszneulelelan

Tunsanuaudminluana Jadulinsivdsadeuuazsiangn Wy nswseunediuiiawmnin

| ¥ o <

Siavlilasuaugaivudannuanufeuslgnssuiunmsduameiiuuweiuass 73] mMsldned

9 9

&l ° v A g = | ° v a a v =
westinmayimindudenveswaugagiunsatieinliaauaiivieduindou edan
aunsnaatedllalewusssuwn f9lvndaduadu U ufaesuaulaeanled wazdiuia lag
= ° a & 1 | a a1 v a
fimsthwedwesdinmunuszendldluduenamnisy wu wedwesfigesaalsliviaessuyif

AruTaaAuauSeudmsunisinifiuauseul74]

Ay o 3
a a

[y

lnsauddeinuandilusinisuinedwestanimuildluniswiounediues waussend

TildlulasuaUgaiuaniiuaudoulunisdunsisinediuesuuuweiuasedienaln (TP

9 9

=3

v o av See o ‘:4' ° = = a ° YR
AdUU IUQ'TU'J?\]EJU Qllﬂ')']llauctf\]m"031/]'1ﬂ']ﬁﬁﬂ‘l:ﬂﬂ’]iLmiﬂmlmiﬂﬁLLﬂUﬁa%'ﬂﬂ’]WﬁqW§UVZllﬂi@

o A o Y A g o I o v Y ) ¢
I?JNUV]WWWU']V]LUU’J?@Lﬂ‘Uﬂ'J’]lli@u Iﬂﬁlsﬂﬂalﬂ TP A8 UIUNTITAILATIERLUULLIIUA DY
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uni 3

ANTUNUIY
3.1 ansadinazaunsal
3.1.1 @5iAdl
REIGEY RE 8o
1. waglaa avdien Ua7iisn (Cellulose acetate Technical grade Sigma-Aldrich

butyrate; CAB, mol. wt 12,000)

2. \@¥ia 9edan (Ethyl acetate) Analytical reagent RCl Labscan

3. wulwdalleseanlyn (Benzoyl peroxide; Analytical reagent Sigma-Aldrich
BPO)

4. yammesian (Methyl methacrylate; MMA) Purify 99% Sigma-Aldrich

5. lna@fawmniasian (Glycidyl methacrylate; Purify 99% Sigma-Aldrich
GMA)

6. Uamesian (Butyl methacrylate; BMA) Purify 99% Acros oganic

7. n3AMIN3A (Capric acid; CA) Purity 99% TCl

8. uhalulnsiau (Nitrogen gas; N,) Purify 99.99% Praxair

9. wedhiflaueanagoa (Polyvinyl alcohol; PVA)  Analytical reagent  Sigma-Aldrich




ansad NS #ia

10. lalasailuu (Hydroquinone) Reagent Plus 99% Sigma-Aldrich

11. lelelanesu (lodoform; CHI,) Analytical reagent ~ Sigma-Aldrich

3.1.2 Asesdlenazgunsaiililuanisy

a4 o ¢ v
LﬂiaauaLLazqﬂnim U g1ia

1. WI9TINATYN 4 AL SI-234 Denver Instrument

(Analytical Balance)
2. insastluies (Centrifuge) Speinette centrifuge IEC

3. 1ASDINUUINBUNA Delsa™ Nano C Beckman Coulter

(Particle size analyzer)

4. wissnundwanwuuldanusou C-MAG HS7 IKA

(Hot plate stirrer)

€

5. fauggIn1A (Vacuum oven) DZF-6051 DZF
6. AMoLsuTgadLnulaknassanes DSC 4000 Perkin Elmer

(Differential scanning calorimeter; DSC)

7. waslunsIuvsnazun baes TGA 4000 Perkin Elmer

(Thermogravimetric analyzer; TGA)
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\n3asiiouazgunsnl U dvia
8. ndeaganssemiiuuldua SK-100EB & SK-100ET Seek
(Optical Microscope; OM)
9. NABIYANIIABANATOULUUABINTIA JSM 6510 JEOL
(Scanning electron microscope; SEM)
10. ﬁauau%@u (Hot air oven) UNB 400 Memmert
11. in3eavigiSesnsudvesy Sunsusnan NICOLET iS5 Thermo
Wslledimes (FT-IR
Spectrophotometer)
12. Teludluwes (Homogenizer) T 25 digital UL TRA- IKA

TURR

3.2 YURBUNITABUUIIUIY

[

AsefuuITonl Ly 3 Tunau feil

ATAATNSANILNTEUIUNITAIATIELUUWIIUADEY

nsfnwanmeivinzadlunswisugaglagesBmdinimlulasuaugar

4

nsnegevantiveslulasualgaiinsouls

4

= a a a A o v
msfinwsgansnmnisauananmngiveslulasuauyaiiwieols
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3.3 NNTNNABDY

331  msfnwannenmizanlunmseisuwaglaaesfiandiimbulaswaugaiy

NSAATNSANIUNTEUIUALATITTRUULYIUADY

'
[ a v [

luddell Suduaginswssunedwesiulasuavgatuszuuinduluii (Ol
in water) f8NTEUIUNTARATIBNLUULYINADE TABITUIINNITWTEUATaTA8TUBUNTEN
Usznaulume waglages@mmdnfisy witawmiesian (Telnadfawmiesian wsedafiaw

MAsan) wilsdaaseanlyn Lolalanasy waznsnansa azarelusvinazatenwunzauln

o Y A

I3 o Y] v ay _ a cal I3 =
avaneluilofoiiy uamnauasluansavarenedhlausanegeanvimiriiluasanus e
A7 JuwmSeuvenaisavaredunsdaialaludluwes Wunai 5 unil 16ns1Salunstu 5,000

] = v Ao a a ¢ o I & 3 ay v
seusiowil agliansuniuaseiivenasazareBunidnszaemeglutuin waisuviuaesiils
asludanadunsiest umldlulasuimievilieglussuvagayinie newnisdunsigra

a =) i (] < y | a Q ) al
gaunnil 60 sarnwaldea mednsusitunislu 500 seusewi [Wuna 24 Flus Weasua
iivasazarlalasniluy 3 vea udnvduiengaufnsen wldwaglagesBinndafism-
nIM-nediuiialuniasian (Cellulose acetate butyrate-graft-polymethylmethacrylate;
CAB-g-PMMA) lulasuadgariunsanmia sanmd 3.1 lagluruneutazinnisAinuladesing

[

7 NilnasenswseunedlesllasuAUga fall
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CAB = Cellulose acetate butyrate
MMA = Methyl methacrylate

CA = Capric acid

CHI5= lodoform

BPO = benzoyl peroxide

PVA = polyvinyl alcohol

homogenized = Vacuum / N,

P\‘/;\/;queous 5.009 rpm, 60 °C 8 hr,
“~Solution (1wt%)~ 5 min 500 rpm

Ml 3.1 ununmnseseunediweslulasuadyadniiunsanmiamienssuiunsdunse

wuukvIaRmenalneyyadassuuulendelolenu
3.3.1.1 wilauagUSunuivinagany

lunisiwIsunediwesiulasuavgasisnssuiun1sdunsiesiiuy

5 a a6 2 [ dzl’ a [ o 3 = v = a a Y] o

LUIUADY TUATDUNITATFedazaruluilalRgdny Ay J9RaaudannNIRAwaLUSUIUYD YN
a a a A a ] ¢ a v

avanefvzauasaavanewaglasesnndafinlnegwauysauasldlulsunules lny

Tavinnsneaausvinazate 3 via Ao Lefiassdnn Paslswasy wazwnuu-U7lswanlau A

dnsdiuagladezdinnianndediitazatelu 1 fe 4 16 5 uay 1 sie 6 lnauniln ¢

annelumsnan 3.1
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M13199 3.1 annrlummaaeunisazaigvensaglagdeBinniaiian lnglddiagaien 3

wila NORTIEIUAN

Solvent: CAB (wW/ w)

Chemicals

4:1 5:1 6:1
CAB 1 1 1
Solvent* 4 5 6

*, Ethyl acetate, Chloroform wag Y-Butyrolactone
3.3.1.2 snsduveswagladerBnndafisvndousuaiues

Tudunauiagynfnndnndiuveswaglagesdmndifiismdeueus
wesiie 3 wile lowd nadfawmesian witawmeasan wazdifiawmiesian Ninadednuue
neduguineuargusnwedtdulasualya uazuseAnsamnisiniiunsnamia lngazfne

é”mweiauiwdwLsziaqiaaaz%mwﬁaﬁLiwiamauama%ﬁamwmu 100: 0 75: 25 67: 33 50: 50

33: 67 25: 75 wag 0: 100 Sewavlaeimidn feannelunised 3.2

3.3.1.3 9RSIAIUYDINBALUBIHBNTAANS A

Tud1uliagyNNIsANE19NIIAIUVDINDALUDIADNTAAINIA N NARD
dnwaendugIuIne) JUT1N Soaazn1susiy (%Loading) uwavdsednsninnsiniiunse
ANNSA 1A8ALANEIDRTIAIUTENINNDRLUDSHONIAAINSA TR 1AW 50: 50 60: 40 way 70:

30 Sesazrlngunnin fsannelumsnen 3.3
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a a a v [ a A o 1 1
N1919N 3.2 ﬁﬂ?’]%lﬂﬂ’ﬁmﬁﬂﬂwaaLN@ﬂMIﬂiLLﬂﬂﬁaﬂﬂLﬂ‘Uﬂi@ﬂ’W\liﬂ NBRIVFIUAN 6 VDY

waglaaeydinnUifisnsonsuaiuesi 3 vin

CAB: Monomer (%w/ w)

Chemicals
100: 0 75:25 67:33 50:50 33:67 25:75 0:100
Oil CAB g 1.2500 0.9375 0.8375 0.6250 0.4125 0.3125 -
Monomer g - 0.3125 0.4125 0.6250 0.8375 0.9375 1.2500
CA g 1.2500 1.2500 1.2500 1.2500 1.2500 1.2500 1.2500
Ethyl acetate ¢ 6.2500 4.6875 4.1875 3.1250 2.0625 1.5625 -
BPO g - 0.0250 0.0330 0.0500 0.0670 0.0750 0.1000
CI’“3 g - 0.0041 0.0054 0.0081 0.0109 0.0122 0.0163
PVA
Aqueous g 22500 22500 22500 22500 22.500 22500 22.500
solution(1%wt)
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a a a L [ a a o ! '
N19149N 3.3 amaﬂumams&mwaaLmaﬂaﬂ,ﬂsLmﬂegaﬂﬂmmsmmwm NBATFIUNN ¢ VBN

NORLUDIADNTAAINTA
Polymer: Capric acid (%ow/w)
Chemicals
50: 50 40: 60 30: 70
Oil CAB g 0.8375 0.6700 0.5025
Monomer g 0.4125 0.3300 0.2475
CA g 1.2500 1.5000 1.750
EA g 4.1875 3.3500 2.5125
BPO g 0.0330 0.0264 0.0198
CHls g 0.0054 0.0043 0.0032
PVA
Aqueous g 22.5000 22.5000 22.5000
solution(1%wt)

3.3.2 mifnwanvuzlanizvemedietiulasualya
3.3.2.1 mylesgilassaianaaiivesadweslulasuauya

nedweslulasualganwmioulaludnulasaiomaaianienies

Waisesnsudnesy dursuseaalnsinlafines Iagviniswieusiegeliuis wagtdiingeu
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auanadunal 24 9alus udnhuedlalulseuuuiuanesinege 9nty vnsnsiadaluts

@IAaY (Wavenumber) 400-4,000 cm™
3.3.2.2 MsfnwanvazduguIngaruavesalya

ihnedweflulasuaugaiinIenldlufnuanvaymadug i e
ndvsgansImidianasauluudeInsIakazndesganssatwuulduas lnoniswioudiegeves
naesqansIAuBianaseusuuliuas szvildlaenisvenansuuiuaosuesienansduvsdnaunis
duarzinaznadwaslulasuaugandinisdunsizyt 1-2 venasuuuiudlad udinsignsean
Unaladuazilunnaialagldmdweeimuzan lunsdvesnisinioudaogeveandos
RanssenlBidnmsounuudeansia wildlagnisimedweslulasunugaiingoaldlusinlius

wnddaugyniadung 24 $alus waainedilalulsgasuuwiumlasuounfneguuiria

190874 (Stub) wagyinisndiouwalgamenas kariluasaindmeiaweeivansas

3.3.2.3 MIANANURNIIANUSOU AaZANULEDYTNIIANUSOUVDINDALUDS

lulasuaUga

msfnwautinnanuseuveswagladosfeaniaiisn-nswi-ned

a a o a ¢ & a s v A4 a a
Wiammasian warsesarnisivasuvosusuniuesilunedues meiniosaninelsulvaauwny
Human3dnes (Differential scanning calorimeter; DSC) wagineslunsiunsnesunlalees

v

(Thermogravimetric analyzer; TGA) mﬁ

1) msAnwgamgiinisiasuaniuzwazanuseulunuaey

ADNULVDINTAATNIA

AANTeuLazmilunURsua LN IR 1B AR ILATEY

[

DSC Ingltangsiail
gauniilunisveaeuegluyie -20-50 BamwaLdyd

LY < IS ]
R3157luNTawNY 10 BeAwARYE/WN
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aglaussenanialulasiau

nMsAuIAIANSaulun1sasuvial (AH,,) wagnisiiaxan

[

(AH,) vosnsaaialunediuoslulasuaugaliaunadad
A=@®B/Cx100 .. 3.1

e A fio A1 AH,, v38 AH, veansarmsaluniiegasensuveninnmialunedwesuauya

(J/g-CA)

B fie A1 AH,, vise AH, vasnsaanIalunilegasensuvemediueilulasuauyaiiog1ein

Angimemaila DSC (J/g-Aa0en9)
C Ao Woeswudvainsaamialunedweshilasuaugaiiinssimematiia TGA

2) NsfnwiesAUseneunazgamginisaaedlvesnediuasiulas

LaUa
U

AnwssAdseneulazgaungilunmsaaredivesmediueslulasualys

[

Tnawaila TGA lneldan1iyeall
gaumgilunismageuegluyie 50-600 sarmiBaTya
[ < a =
onssAlunNIsawNY 10 aeAwalea/un
AelaussenAwAalulnsau

mﬂﬁuﬁflmm%’aaazmsmaqquwﬁ (%loading theory) ¥89n5A

'
= ¥ o

awnsangniunelunefiweslulasuaugalaglyaunisasil

Y 9
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$oUaYNISUITIINTAANTALALUNMTIN

Weight _, 100
= X
%Conversion-%Free polymer particle)

100

Weight_, +(Weightyonomer 1 Weight , )

..... 3.2

o Weight Ag UminUeInIAAINTA weuslues uarlwagladerdinndinisnain

CA, MMA, CAB

AN1IZN1TNAADT MUY
3) N3ANYINTSEaEANSANLAY

91INNSAIUINNITSoRaTANAUNIINgEE (%Encapsulation theory)

a a L4 a ¥ v d’j
vasnsnmnIangniunelunediueslulasualyalagldauniseisl

$9UaLNITUTIINTANINTANING YY)

Sovazmsininunsnmnia = 5 B x100 ... 33
IBYALNITUTIINIAATNIAIINFNILNI1TNAADY

4) ns@nwnuatieseauseuremeiweilulasuauya

NsvegeuMsinigInsannazaenNsaud LY 100 s Tuas

2aUMNA -10-50 e waled AreenssSalun1sannu 10 ssmwaea/u1f n1eldussenie

9 Y

whalulpsiau
3.3.2.4 $agarnisilasuvesauaasidunediues

s & oa ¢ a & a ¢ v a a
NSYLUDILFUANIUDUBLUBILURYULUUNDALLDT ﬂ?ﬂL‘WﬂUﬂL‘VIEJ%IiIﬂi’]'J

wvsnazunlada lnen1sANUIGIENNIS

Wen A 3.4

Wencas 100 - B%

(42)



B
X S 35

WCA+WCAB+X 100

X 3.6
— x100

WCA

WaleAn B 91nauni1si 3.4 901U dnaknuadluaunisi 3.5 aglaen

X 9Nt 1A x unuasluaunisi 3.6 arldesiiuifueuswefiudsudunedwed
o A 9 $9HATNIUIITVBINIAAINIAVINANTIZNITNAADY
B fe Sewaznmisiianediueiseninuweuaiesivgagladesdaviniim
Wey 0 minnsanm3aananinenIsnaaes
Wepg D ﬁmﬁfﬂLezjaqiaamﬂamazmimam
33.25 mimﬁummmmLLasﬁ%mmﬁuaaaumﬂwaama%@aiﬂuigmmimﬁaa

% A v o/ [ o o y N v
NaNINNLAFITUVIUABLAINNITELATIEN tnetiluinisUuimieeig

LASEIMYUIIB (Centrifuge) kil 15 wadl 18051157 3,000 soUsewdl a1suvIuaoeazLin

IS a

nswentusgninmedweslulasualgaiueyunianefiuesdasy ihtunleunianediuesdase

3

a

IWeufigaumndl 80 asrwaded Wuad 24 Falus Fawidnuazeusosudnidnasdl a0y

U

AnamUsnaeynanediwesdaseluingnirdeaiies (%Free polymer particle; %F,) lan

GHIE
Wi,
%F, = "W, x %conversion_ X 100
100
il Wi, Ao Umineaynianedwesdastluignaseiliesiwiendinisey
W, Ain UNUINUBUBLLIINANILNITNAGDS
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3.3.3 mifinwUsgvsninnisauatenmngiivesiulasualya

o [

3.3.3.1 IMawseumeulndnsenineiandudy/lulasualgaiddy (PCM)

q

nswsedTanmeulndn lagliduduninisiraudululasualya lned

a

msdululasualya 2 ¥ia fe lulasuauganamsifdiaamainisiasuaniuzainvauds

& at' ~ Na @ v A o 3
Duveanani 30 eseneadoa (RT8unen1sdn) wazlulasuaugadidunsieidueinnis

a

naaesfiigangiinisdsuan usUszann 30 esrwaided (MHauwaUga) lnediigniswnsen

Y

[ o

Tanmoulndnseniadudu/lulasuaugai@ian Al

- ihdudunaiulilasualgafiddu @@aumanmsivsenidduwauya) Tnsldusunaly
TasuAUya 0, 5 waw 10 % lasthvinuiewesdudy

- munaniuuwiligudunaylulasuaugaiiniu

- thanswaudenansanadluh Tngllidadan theeyu 1.1

- widunauadluluuiniua 5%10 .93, T 1 @,

- selfudefuazunzeesnainuuuiissiisauuazannuis

- laudunaulndndaning 3.2 Weldnaaeunisaivauanmniisoly

#gululasualya Bileaansinan

Yunanainas

[

i 3.2 Tanpeulnanseningudu/lulasuaugai@idy
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3.3.3.2 ANSNAEBUANUANIIAIUSOUYBILNUEUTUADLTNEN

insnageulseaniamlunisaivgugamnivesurugudunaulngy
Tngiunuguduneulndn uuszneudiseiulundesgnuiad danmi 3.3 famesluaey
Wasmuluwazsuwen dindesgnuiaidngliniuuenainais vinis duiingamgdiSeuiieu

melwissazaumgiineusniemeasnlusseziian 24 49lua feia3ed data logger

<

AW 3.3 nmindesgnuiAnivseneuatnuruydureulndvlulasuaugai@ay
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uni 4

NaN15I8LazaAUsIuNa

4.1 nsAnwansiwmnzanlunsnseuwaglagesdiantansnlulasualya

VUNTAATNIARIUNTTUIUAUATIZILUULVIUADEY

luns@nwauddedl ladnwiiniswisunedweslulasuadgalusyuutiduluu (Ol

in water) MuNsEUIUNITIBATIZTRUULIINARY tngldiuagladesdamdafianlanedwelsd

o

Aumesiavueuawesiiuldennedwesuaugadniiunsnamia laglunsduasizined

o '
£Y o N 6a

WIBSAIUNTLUIUNTAILATIZIRUULYIUADY TUIUAUALMS BUTuaNSazanedunsgnUsenauly

a

AILNDUBLIOT (LarNadAos) ava’laﬁ’uﬁﬁﬁmﬂg“%mL.Lazmiﬁéfaqmaﬁﬂuﬁaﬁwavmsﬁ

& ¥
o

mmzaﬂwmmmﬂumameﬂu LLa’JLVIaQNﬁNﬂUSUUU’Wmﬁ’]SaWLLiﬂGl\‘iN’Jauﬁ"IEJE]EJ L?,JE]‘VI’]ﬂ"Ii
ﬁum%wamﬂ@mmﬁmuaasmwmmsazmﬂaumsaﬂizmamaﬂwﬁum Imamimaﬂamm

ﬁ?iﬁ@lLLiﬂﬁﬂqii@‘Ua@MﬂﬁlﬁLW pUnUadNSTINA VD INLAANTEUNS & I@Elﬂ?lﬂ%ﬁ?ﬂﬂ@ﬂ%&l@

[y

asdunidazdutusnsnsilunsiu ievimstianufeudigumgdivanvansziianis
duaswinedines lnefdisuufsnasunndadueyyadaszuas axviujisondunousiies

waztAnnsreaely nszvianslgwedwesenifanianueIngs aelewedwesazluaiunse

[
LYY

azareliuiutuasdunsgnelunealaen aziinnisueninnia uaziedeun ludsrinuuen

[

a a6 = U I~ = a [~1 U a =
YoIngRaITRUNIUazIa Il uUasnLaUgalnalludg wineuuwnu-tuaen (Core-

Shell) Ban1suinduguinewvusnu-wWaont Yuiuladevaieegne wu anuvianigluves

v
v A

ANLIIAITEIRNTeINRAIIBs LAz kaznaTtunsBuinsenignia Tasluauidutas

[

nsAnundadesing q Ninasienisiinnedwesualyauasuseansninveanauya fall
4.1.1 yllauazUSunasyinasany

Lﬁaamrﬂ,umﬁﬁﬂmmuﬁiﬁ%aaiaaav%meﬁ’;ﬁLﬁmﬂuaaﬁﬂivaaﬂuﬁu
A5 uUNIET a9y aqmmiavmaammummﬂuamﬂivﬂauau faiu Sefesfnuviauay
USunamesivnazaefiwanzay lnadenldivinazans 3 vin fe Lefiaesdian Aaslsnesy

waz wau-Uavilsuaalau 19R31dUA 9 WollTuulisudnwazlasANAaINITaLUNS

a

avany dunaivineiiaesBianuazunuun-Oalvlsuaalauauisoazanewagladesdinndanis

¢ =

1% 1 N v [d A 1 s A a
VIVLQQEJN?{NU‘JiﬂJ SURRICAIEISUILINR ! laisid GZNLLG]ﬂG]N?]']ﬂﬂﬁ@I’iWE]'iNV]ﬁ%@’]EJL%ﬁ@lﬁﬂ@%%lﬁm



Taiinlaldauysel fdnvaziduvesnar dv1i9u dennd 4.1 fawiiiuefiasdnnuas
wnuan-alnlsuanlau daiuannsalunisazaswaglages@inndinsnlalngifoeiy we
Wosnefiaszdandanuduiviosndn wazfoudinazaieiiliviaiedwindeu 3
Honldiefiaes@innndnsadseninsdviavaeiawagladesdinniaiem 5 ve 1 lagtnin
[ d‘ o a a [y 13 a Ao 1 1

Juanngimngailunisiillwssunedweslulasualgadniiunsaninsa N6ns1duseg

vougagladerfianiniiisndsususiueidely
4:1 5:1

Ethyl acetate: CAB L

E

Chloroform: CAB

Y-Butyrolactone: CAB

AW 4.1 NsnedeuAUAInTaluMsaraneveragladerdandinisnlagldiiinazaien

NIIEIUATN9)
4.1.2 srsduveswagladedinndanisvsdoususiues

nsw3sunedweslulasuavgadanim ladenldwaglagesdimmdaiemiy
WaenweawesuaUya Inevhmslanedwelsdiuiumasianueusiuesifierineuudusaves
WaenuaUga anyFunansldiyiazaedunsd uaziiunisuenipnirveadenualai
nsaamadesnslinelu veuswesidenlfidunguimatiandaduiadunedwe i
A UlaN13TInIM (Biocompatible polymer) wagliiludiy wavgnldiuegiauwnsmangly

nswsEauNIANeAes kAT HaAWaTULAYYaT NI 3 ¥l Ae Wwilawmasian nadfawmie
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Sian wazdivialmasian Fsanisazatein (Water solubility) wan@neniu Ao 5, 1.5 wag 0.3
n3u fio 100 fadans dmsulnadfammasian wilawmasian waztifiawyiasian auaau
Tagvihns@nwinavessnsdinvesagladesdiandafisndessusiesfiinoduguineves

wodweshilasuauya Uszdnsnmnisiniu wazaudfinisanuseuvensaainaa

91NNSANYIANYAUZIDIEITUVIUARETIAATUNUINNNSRsIdIuAmTuans
WIUAREAYUUTINT DU AININT 4.2(a-g) 4.3(a-g) Uag 4.4(a-g) MuEIAU vasaInnsTu
WM 89A288R51152 3,000 souasuil Luan 30 uil aviianisuenduveswediueslulas

wadga luvasntudiaziiduigu iWewinnisiineunianeditesdaszvuinseauuiluiunsly

q

LY A7)

guiunalnnsduaziwuudiatuudsiuiunmaianedweslulasuauyalungnasdund
FonuleniluluniswSeueunianefiuesvsensiweslulasuaugavestousiuainiiniuyey

UIAIUNTTUIUNTHUATIERUUULIIUARY AININT 4.2(a°-¢") 4.3(a’-¢’) Uay 4.4(a’-¢’)

= . v ., YA = ¢ a
AN 4.2 a5uIUERYnaY (a-g) kAt (a’-g’) NsluieeswaglaaasBinn-nsIMYi-nad

lnaddawmasianlulasuaUyaiunsnamia AinseusionssuIudunsngsivuy ms TP 7
gnsduTEnINwagladesdiandelnadfaumniasian ($ovarlngtiniin): 100: 0 (a uay a’);
75: 25 (b ke b’); 67: 33 (c way ¢’); 50: 50 (d wag d’); 33: 67 (e wag e’); 25: 75 (f way )
way 0: 100 (¢ ez ¢')
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= . AR G ~ ¢ a
MW 4.3 F@5uvILERenaU (a-g) kAt (a’-g’) MIluneeswagladesBinn-NsIMY-nod

wiawmeiianlulasuadgaiuninninia finsoudionszuiuduasziuuy ms TP 7
gnsdusEnIaglagerBinnsslufialumesian Zowazlnetmiin): 100: 0 (a uae a’); 75:
25 (b wag b’); 67: 33 (c way ’); 50: 50 (d waz d’); 33: 67 (e way e’); 25: 75 (f way ') uag
0: 100 (g wag ¢’)

WevihmseseiuTunueynianedwesdasylutuiimuin nsldlnadfaw

a

mesenasineynanedwesdasslutuioglugag 9-45% (519 4.1) gendmsliufian
yeSiandislanUszanal 4-129% (5197l 4.2) wazdafiasmadanlugig 1-11% (51adt 4.3)
aonndestuAnIsaraetivessoueie ALY ln ?fﬂiﬂa%ﬁameﬂ‘%l,amﬁmﬂﬁazmmf’]qq
flandandouiivonuninnswedwelswduluduinlfinnniweusiwesufianmiaiianuay
Frfawmaian TgmeesnisiAneymanediueddasslutuiiusunum nagilniAndy
WienwoRwosuaugatienas Ifiudeniiursuarenavgliuiauss uenaniu eynianediues

dastludwihninturgyihliiAnnsdudiuduiouveseyniruazuniyals
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a ! Y N, - y = a ¢ a
AWH 4.4 @suriuaeEnau (a-g) warnas (a’-¢’) MsluiesweagagladaosBnn-ns1ui-ned

drfiawmasianlulasuatgarunianinia 7a3susienszuIudaas gy ms TP 4
gnsdsEnINwaglagerdinnseUiniawiesian Fovazlnothuein): 100: 0 (a uay a’); 75:
25 (b wag b’); 67: 33 (c wag c’); 50: 50 (d way d’); 33: 67 (e way e’); 25: 75 (f wag ') wag
0: 100 (¢ wag ¢")

WalTeumgusuindnyageanediesialgainisula wulimedwesly
Tnsuaugaunsaansaiimsoulaanueuewesie 3 gia J3Uswdnvauzidunsnay wuie
seaululasiuns dn13NTEAEAININTIIBITUINOUNIA LASTUIAMNALAEINUNINBULAZIEINTS

HUAT1EA AINNNA 4.5-4.7



AWl 4.5 Optical micrograph Te9vEANaUaLLDS (a-g) waziaglaaozdinndifiism-nIIui-
wodlfawnasiavlalasuavgaunsnanda (a-g) fnSoudensruiunsdansisituy
ms ITP fishdrumagladedianiafisvsoiufialumieiian ($awazlaginiing: 100: 0 (@,
a’); 75: 25 (b, b"); 67: 33 (c, c’); 50: 50 (d, d’); 33: 67 (e, e’); 25: 75 (f, ) wag 0: 100 (g, ¢°)

AT 4.6 Optical micrograph vaiEniaUBlLes (a-g) aviwagladesdiandinisn-ns -

wedlnadamasianlulasuaUgasiunsaania (a-g)) fefeusonsyuiumsdanszituy
ms ITP fighdruseminusaglaaediniafisvaelnadfaminaiian ($ovazlagiimiin):
100: 0 (a, @”); 75: 25 (b, b’); 67: 33 (¢, c’); 50: 50 (d, d’); 33: 67 (e, €’); 25: 75 (f, f) wag 0:
100 (g, ")
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ATN# 4.7 Optical micrograph YaangniauBlaT (a-g) WaziwagladesdinnTinisn-nT1vm-

wedtafiatmedianlulasuaugaiunsanmin (a-¢) MwSoumenssuiumsdansesiuuy
ms ITP fisnsndussnirweagladesBnnifisndodafiawmeiian (Fesaglngtimiin): 100:
0(a,a"); 75: 25 (b, b’); 67: 33 (c, c’); 50: 50 (d, d’); 33: 67 (e, e’); 25: 75 (f, f’) wag 0: 100
(g, ¢)

° a s A o o a Y v '3
UWW@aLﬁJaiLLﬂU"gaV}L@ﬁﬂﬂlmu@]i?ﬁ]a@Uﬂqﬂam‘EWU'}V]EJ']W'JEJﬂaENﬂanﬁsﬂu

didnasaukuUdeInsIANUd ndlvanaglades@inndaisv-nsmi-nedmiiawn Asanty

Al &) b4 a

lasuauea wagaiilddunsenay wuiaseu vwnsgavlulasues way lddudamududeu &

v aAa o =i IS ) a a L3 al aa a
N13Ns¥eMING fanmd 4.8 Tunsdlvessaglages@iandafisv-nsvvi-nedlnadsauumniad
wilulasualga delduSunametlnadfawmasiandy azliuatyailadunsainay fuiseu
gunsgavlulaswns uwaslddudiduludeou Gnsnszaedind wadledinuunalnadfaw
MASLan WAUganlazsuTuimItuLINTY denmd 4.9 Favsiiesnniloynanediuesdase
WnduludhduuinaenndeivusitueunIanediuesdaseinseiladneiu Weldtiiia

=) a |a ° % v ) L% X a o«

wnesan NUSNaeY dnvaesauganliasiduvnessaululasuns wuiiSeunsnay uay
= v Ao = a a a a a =3 a v oo & v v =i
finsnsenedingd udidlaiuuTinutmammasianiindu asinn1sdudndunou denimi

4.10 Wesnwedtiiineresianilgaumgiinsitisuanugadeuiinviliiianisdudiiu

14 a a

dl o 1 = i d' Y o a

Wiaiwalyaniua wudnsanlduiaumesian uauganlatidugiuinewuy
wnu-Uden (nmd 4.8 d’) FududnvasuaUgaifinaaud@ininuianiuanudeulinielulds
laiinnissalvasanunseninanisiganu luvasinisidlnadmawniasianwaziinaszasanly

Wadug uInesanay (i 4.9 d’ wag 4.10 d’) Faurazidesannuiaiuniasiani
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AMMNSIesN1sazanelndlAgedulIuINNIINTAAINS A F9LAA U RRNUNR I UUBNLAALTUY

wAUgALUULNU-W&eN

AT 4.8 SEM micrograph vediwaglagesdianiifian-nsi-nedwiawniasiantulas
walgariunIaansa Ndnsdwagladestinniiiisndsiuiiawmiasian Gegaglagimin):

100: 0 (@); 75: 25 (b); 67: 33 (c); 50: 50 (d); 33: 67 (e); 25: 75 (f) wag 0: 100 (g)

AA 4.9 SEM micrograph vedwaglaaesdiendinism-nsmi-nedlnadfawmiasianlulas
walgauNsAnInSA Nensadrugaglaaesdmninsndelnadfauniasian (Sesavlny

ﬁg’mﬁﬂ): 100: 0 (a); 75: 25 (b); 67: 33 (c); 50: 50 (d); 33: 67 (e); 25: 75 (f) wag 0: 100 ()
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A9 4.10 SEM micrograph veawaglagez@inniiisn-nsvi-neddaiawmasianlulas
walgariunIaaInia Nensduwaglaaesdiandifisndedifiawniaiian Gesaglagimntin):

100: 0 (@); 75: 25 (b); 67: 33 (c); 50: 50 (d); 33: 67 (e); 25: 75 (f) waz 0: 100 (g)

PnnsanwnavesdeiiiudnvesouswesiUasunaafunedwesnuilag
dlngfiveddudveseuawesivdounatafunediuesuszana 100 wWesidud dimsnad
4.1, 4.2 uaz 4.3 sniuannsdildueusweslnadfaumiasiandisnndruvaglaaesinnse
Tnadfalumiasian 0: 100 fivesifunvesteusweiiUasunarsdunedwes 77 Weodldus d
inaniflosnnifineymanedwesdassluduingeieeinaniAanmsfumiududou siling
Sinseiefidudiuouewesia sunaidunedwesaromadnnist sl windainy
Aaade diuanziliueusiwesiifianmiatianiisandumagladezfiansetafiamme
31av 25: 75 waz 0: 100 desi§urvesweueawesidsunatsdunediues 79 waz 19
Wedldud mudiu TaeziilesnneynianediiesdaszvemedtafiawmaTianiiigamyd
nswWdsuaniuzadsuiafifsernianissusatududou vlinisiesieiilesidud ves

yauallasiUdsunaelunedasmemaianistauinviiniinainuAalnLA AR UL ULREITY
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M151991 4.1 Wesidudvaaeuawesidsunatsilunedwes Wesidudoyunianeduesdass
LazUINYBIBYNANRAN RS BasTvRRTaglaaarBnn-NIIY-nedlnaTdRalnIAS

avlulasuaugariunsaansaciensyuIuduaTIEinediuoshuy ms ITP

Size of free particles

(CAB: GMA)
%C i
o eConversion %F, (+5D)
(Yow/w) d, (nm) d, (hm) d/ d,
(Y%ow/w)

100: O - - 473 (£182.80) 362 (+96.00) 1.30
75: 25 100 9 (+5.07) 404 (£137.50) 321 (+80.30) 0.10
67: 33 100 11 (£1.26) 439 (+250.60) 304 (+86.00) 0.31
50: 50 100 14 (+0.44) 253 (+67.20) 330 (+125.10) 0.15
33: 67 100 35 (+0.83) 285 (£78.20) 385 (x164.00) 0.24
25: 75 100 19 (£0.21) 250 (+116.60) 183 (+50.00) 0.23
0: 100 GV 45 (£23.22) 205 (£57.90) 296 (£171.50) 0.31
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=] s & ¢ ¢ & a I3 c 2 & a ca
A19199 4.2 Wesltunvewmeouaiuesilagunatelunediies Wosliunoun1ANeaLNDI DTy
LAZUUINYRIDUNIANDRLNDTDATE VR NYAgladeEdLAN -NTINY-Nod N alNIAS

avlulasuaugariunsaansaciensyuIuduaTIeinediuosuy ms ITP

Size of free particles

(CAB: MMA)
%Conversion %F. (+5D)
0 x
(Yow/w) . d, (nm) d, (nm) d/ d,
(%w/w)
100: 0 - - 473 (+182.80) 362 (+96.00) 1.30
75: 25 100 6 (+0.34) 377 (£246.20) 255 (+71.40) 1.48
67: 33 100 4 (+0.63) 275 (£160.73) 190 (+£52.96) 1.44
50: 50 100 7 (+1.50) 301 (+£142.93) 217 (+60.80) 1.38
33: 67 100 12 (£0.37) 250 (+154.30) 170 (+48.00) 1.47
25: 75 100 6 (+0.93) 231 (£69.40) 338 (+171.70) 0.68
0: 100 100 3(+0.44) 255 (+£100.6) 165 (+45.8) 1.54
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=] s & ¢ ¢ & a I3 c 2 & a ca
A19199 4.3 Wesltunveweouaiuesilagunatelunedines Wosliunoun1ANeaLNDI DTy
LAZYUIATDIDYNIANDELIRS BaTevavaglaaesdinn-nsvi-nad difiaiunia3

avlulasuaugariunsaansaciensyuIuduaTIeinediuosuy ms ITP

Size of free particles

(CAB: BMA)
%C i
) oConversion %F, (+5D)
(Yow/w) d, (nm) d, (nm) d/ d,
(Yow/w)

100: 0 - - 473 (£182.80) 362 (+96.00) 1.30
75: 25 100 1 (+0.25) 215 (£59.00) 297 (+146.00) 0.26
67: 33 100 6 (+0.05) 237 (+60.20) 306 (+135.70) 0.272
50: 50 100 3(+0.33) 203 (£57.10) 280 (£135.70) 0.233
33: 67 100 2 (£0.27) 144 (£41.60) 210 (£116.90) 0.263
25: 75 79 5(x0.59) 202 (£54.70) 274 (£127.00) 0.258
0: 100 19 11 (£9.95) 312 (£125.80) 238 (+62.30) 0.209

devhiwaglaaozdnniafiisn-nami-unasiannedweslulasuaugaiunse
AmSATLASEUReNsTUILERATIERLUY ms ITP Tnglduauswedine 3 via uiasizsidae
wmalla TGA azwiuiniinisaansda 2 9u A 4uusn Lﬁumsamaﬁwaﬂmmmw%ﬁqmmﬁ
180-250 a9l waLdud wazdufians LfJumsamaﬁwaqwaﬁLma'{ﬁuwfqmmﬁ 280 891
walgud aamé’aqﬁ’umiamaﬁaﬂuaqmmmw%mmzL%agiaaaz%wﬁ'aﬁwm&gqé\’u Fanmd .11,
4.12 uay 4.13 GﬁaLﬂumiﬁué’fudﬂmmiam’%au‘waﬁmaﬂﬂmumﬁgaﬁﬂLﬁ’ummmw% 91A TGA
maﬂmLm'ﬁummiaiLﬁmzﬁﬂ%mmﬁuaqmmmw'%ﬂﬁgﬂﬁﬂLﬁuiulmiﬂﬁLLszgaM%a%faaazmsmsa;
& aumS197 4.4, 4.5 uay 4.6 lneilaregluyae 34-56, 32-46 uay 34-84 % @ msunsldlna

FRawvasian witawniesian wasdifiawniaiian muadu wasddesazn1siniu og
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Tutiag 68-98, 68-90 way 68-95 % ANNSUNISHENATABLUNIATLAN LWRAUNIASIAN warTafia

WYINASLEAY ANUAIAU

Capric acid

Weight loss (%)

0 100 200 300 400 500 600

Temperature (°C)

A 4.11 TGA thermogram Yeditaglaaasdiandanisv-nsmvi-nedlnadfaumniasianily
lasuadgauninAmIainseulanlenseuIun1sduaTIsinediuesuuy ms TP Agns1du
sevingagladesdinniniisveselna@sawmiasian (Sesaglagumiin): 100: 0 (—); 75: 25

(), 67:33 (" ); 50: 50 (); 33: 67 (—); 25: 75 (=); 0: 100 (—); CA () wag CAB (7))
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100

80

60

40

Weight loss (%)

Pol
0 olymer

0 100 200 300 400 500 600
Temperature °C
AN 4.12 TGA thermogram veagladesdnniiiiam-nsmvi-nedwiammesianiulas
wAUgauNIARINS AN aulanenTEUIUNISEBATIZNEANOTWUY ms TP N18nT1dU
seviwagladerBieniifisnadewiiamaiian (Segaglagtmiin): 100: 0 (—); 75: 25

(—); 67: 33 (), 50: 50 (—); 33: 67 (—); 25: 75 (—); 0: 100 (—); CA ) wkag CAB (—)

100 --------------_ ------------------------------------------------------- T

80 1 Capric acid|

60 -

40 A

Weight loss (%)

Polymer
20

0 100 200 300 400 500 600

Temperature (°C)

AN 4.13 TGA thermogram vaaaglagezdinndafisn-nyvivi-neddnfialwmesianlulas
walgaunIARINS AN eulanienTEuIUN1SFUATISNBALaTIUY ms TP N8nT1dU
seviwagladerBieniiisvsedafiawmaiian (Geeaglagumiin): 100: 0 (—); 75: 25 (—);

67: 33 (—); 50: 50 (—); 33: 67 (—); 25: 75 (—); 0: 100 (—); CA (—) way CAB (—)
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A13197 4.4 Soeazn1sussguarnsiniureusagladesBnn-nsmvi-welnadfawniasianly
lasuAvganunsnAIns AN TeNlanlenseuINd AT IERNdINBsUY ms ITP 9

anTdNTEnIIagladerBinnsolnatfalumAsan

(CAB: GMA) %Loading
%Encapsulation

(Yow/w) Experiment Calculation

100: 0 34 50 68

75: 25 50 52 96

67: 33 40 53 75

50: 50 55 56 98

33: 67 46 60 76

25: 75 41 55 75

0: 100 56 65 86

A15199 4.5 Sosaznisussauaznsiniiureseagladesdnn-nsmsi-neduiiaumasianily
lasuadgarunsnAmsann3eulanlenssuIuduaATIEinediuaswuy ms ITP 7

9nTdIUTENINIagladednns ol ialunIASIan

(CAB: MMA) %Loading
%Encapsulation

(Yow/w) Experiment Calculation

100: 0 34 50 68

75: 25 46 52 88

67: 33 46 51 90

50: 50 45 52 87

33. 67 32 53 60

25: 75 45 52 87

0: 100 37 50 74

(60)



A15199 4.6 Sewavn1susTarnIsAnNUTeagladesdmm-nIwvi-neddaiiawmieasianty
lasuAvganunsnAIns AN TeNlanlenseuINd AT IERNdINBsUY ms ITP 9

gnsdsEIagladesdiavaeUifamiasian

(CAB: BMA) %Loading
%Encapsulation

(%ow/w) Experiment Calculation

100: 0 34 50 68

75: 25 37 50 74

67: 33 36 51 71

50: 50 35 50 70

33: 67 a4 50 88

25:75 54 57 95

0: 100 84 93 90

12 wva

9ntu imsiiengiauifneeuieuveansaamiafigninidulululas
uegademaia DSC nudn ninmwsauiavdnsduiiaausouuddlunisgaaiuiou 181
9arensy uwazgamaiBudulumsgraudoud 29 ssrwaidos druaianuFoundddunis
memnuieu fe 180 Jarensu uazemmgiisusulumsmenuieudl 26 ssrniwaitea usiile
wissnleglusuremediueslulasuauganuitAmanuiouwdslunisgauazaisanuiounedly
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CAB: GMA Thermal properties

(Yow/W)  AH_*(J/e-CA) AH." (J/g-CA) T, CC) peak T, (C) peak
Pure CA 181 (+2.99) 180 (+2.13) 29 (+0.12) 26 (+0.31)
100: 0 86 (+1.33) 71 (x0.91) 28 (+0.06) 23 (+0.04)
75: 25 109 (+2.52) 96 (+1.54) 24 (+0.02) 14 (+0.35)
67: 33 121 (+0.68) 77 (+0.42) 28 (+0.02) 24 (£0.12)
50: 50 180 (+1.42) 177 (£1.43) 28 (+0.14) 16 (+0.64)
33: 67 134 (+1.48) 120 (+2.62) 27 (+0.16) 23 (+0.07)
25: 75 219 (+1.06) 195 (+1.46) 27 (+0.01) 24 (+0.20)
0: 100 192 (+1.39) 192 (+0.11) 25 (+0.15) 24 (+0.15)
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CAB: MMA Thermal properties

(%w/w)  AH,,"(U/g-CA) AH. (J/g-CA) T (O peak T, (C) peak
Pure CA 181 (+2.99) 180 (+2.13) 29 (+0.12) 26 (+0.31)
100: 0 86 (+1.33) 71 (+0.91) 28 (+0.06) 23 (+0.04)
75: 25 105 (+2.98) 102 (2.11) 29 (+0.03) 23 (+2.62)
67:33 145 (+3.24) 131 (+2.88) 29 (+0.12) 23 (+0.38)
50: 50 106 (+7.76) 103 (£9.43) 25 (+0.41) 20 (+0.18)
33: 67 102 (+2.62) 99 (+2.60) 29 (+0.11) 23 (+1.25)
25: 75 113 (+5.23) 105 (+£5.38) 29 (+0.26) 24 (+0.28)
0: 100 95 (+25.89) 92 (+30.35) 28 (+0.21) 24 (+0.58)
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CAB: BMA Thermal properties
(Y%ow/w)  AH,, (J/g-CA) AH. (J/g-CA) T CCO) peak T, (C) peak
Pure CA 181 (x2.99) 180 (+2.13) 29 (+0.12) 26 (+0.31)
100: 0 86 (£1.33) 71 (x0.91) 28 (+0.06) 23 (+0.04)
75: 25 105 (+0.61) 78 (x0.44) 26 (+0.08) 22 (¥0.11)
67: 33 148 (+0.57) 126 (+0.68) 26 (+0.02) 21 (x0.25)
50: 50 171 (+2.59) 155 (£3.19) 28 (+0.05) 23 (x0.72)
33: 67 184 (+0.43) 170 (£0.33) 27 (£0.05) 24 (x0.45)
25: 75 193 (£1.17) 197 (+1.75) 26 (+0.07) 23 (+0.71)
0: 100 88 (+0.07) 90 (£0.71) 24 (+0.11) 22 (+0.15)
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Size of free particles

(Polymer: CA)
%Conversion

%F, (+SD)

(Yow/w) d, (nm) d, (nm) d/d,
(Yow/w)
30: 70 100 4 (£0.72) 282 (+110.30) 216 (£57.10) 1.30
40: 60 100 6 (£0.86) 318 (+141.00) 237 (+63.40) 1.34
50: 50 100 4 (+0.44) 253 (+67.20) 330 (¥125.10) 0.15
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Polymer: CA Thermal properties

(Yow/w) AH,,"(J/g-CA) AH. (J/g-CA)

T CO) peak

T. Q) peak

Pure CA 181 (+2.99) 180 (+2.13)
30:70 140 (+£3.98) 127 (+4.17)
40:60 146 (+2.32) 141 (+1.16)
50:50 145 (+3.24) 131 (+2.88)
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ABSTRACT

Bacause of environmental concems, the utilization of bio-based, renewable resource materials has
attracted great attention for a wide range of applications. In this research, green cellulose-based
microcapsules contalning capric ackd (CA) as a blo-heat storage material were prepared. Cellulose
acetate butyrate (CABl/methacrylate polymer composite particles were produced by microsuspen-
slon lodine transfer polymerization to encapsulate CA. The Influences of methacrylate polymer
type and amount on microcapsule morphology, encapsulation efficiency (EE) and thermal proper-
ties were investigated. Using methyl methacrylate (MMA) monomer, the colloldal stable spherical
microcapsules with smooth surfaces and core-shell morphology were obtalned. Although high
percentages of EE, =70%, were obiained at all CABMMA welght ratios, the latent heats of the
encapsulated CA were lower than those of the original ones which may be due to the incomplete
phase separation of the CAB/PMMA shell and CA core. The increase of CA content up to 60%
provided stable spherical microcapsules with a maximum koading of 59% and 97 EE. After
thermal cycling for 100 cycles, stable microcapswles stifl remained with stable thermal properties.
The obtained bio-based microcapsules would be well applied for heat storage and termperature
control applications.
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1. Intraduction transition temperature. There are two main groups of

heat storage materials, organic and inorganic com-

pounds. Fatty acids, organic compounds, are one of the

Recently, heat storage or phase change materials have
attracted great attention for a wide range of applications.

Incorporating heat storage materials in various products
absorbs heat when the environmental temperature is
higher than the heat storage materials’ transition tem-
perature. In contrast, the absorbed heat is released when
the environmental temperature is lower than the

mast popular heat storage materials because of their out-
standing properties.”"” It is a nontoxic, biological sub-
stance from renewable vegetable and animal sources.
This assures a continuing non-pollutant source of
suppl}r_'j' There are many attractive characteristics, eg.
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small volume changes during phase transition, an appro-
priate transition temperature range for the thermal cycle,
a high amount of latent heat, good chemical and thermal
stabilities, and low supercooling, which is an important
advantage over many other heat storage materials!'
However, the problem with the direct use of heat storage
materials is the difficulty in handling and leakage during
phase change when they are in their liquid form leading
to the loss of such materials and efficiency in energy
storage.'" Therefore, in the applications, it is necessary
to encapsulate them in the form of capsules or composite
particles to prolong their shelf-life, control the volume
change during phase transition, prevent reactivity toward
the environment and increase the heat transfer area **!
The encapsulation also makes heat storage materials
handling more convenient for end users.””!
Microencapsulation is of great interest for many
applications. Among numerous microencapsulation
methods, micro-suspension polymerization using an
internal phase separation mechanism is a highly effi-
cient, well-known technique to encapsulate various sub-
stances in polymer particles.™* ¥ The microcapsules
are produced in a dispersed phase using water as a
medium which is an environmentally friendly system.
Due to the droplet nucleation mechanism, the desired-
encapsulated substance is necessary well dissolved or
dispersed in an oil phase containing monomer(s).
When polymerization is started inside a droplet, the
formed polymer chains can well encapsulate or retain
the desired substance. As a result, high encapsulation
efficiency (EE) microcapsules were smoothly formed
with high colloidal stability. The preparations of paly-
divinylbenzene and its copolymers encapsulated paraf-
fin waxes as octadecane, ! and Rubitherm 275! by
conventional micro-suspension polymerization were
carried out. Spherical microcapsules with a dimple
were produced due to the shrinkage of the encapsulated
paraffin waxes when the temperature was reduced from
the polymerization to room temperature. Although the
microcapsules present high EE, the lower latent heat of
the encapsulated paraffin waxes was observed doe to the
incomplete phase separation between the wax core and
polymer shell "**! It was reported that using a hydro-
philic polymer shell accelerated the internal phase
scparation, which provided a high latent heat of the
encapsulated paraffin waxes "™ However, in such
cases, free polymer particles are often formed in an
agqueous medium, completing the formation of polymer
microcapsules in monomer droplets and decreasing the
microcapsule shell strength. To solve this problem,
micro-suspension  iodine  transfer  polymerization
{msITP) using iodoform as a control agent is applied.
lodoform capping at the end of oligomeric chains

remarkably suppressed the exit of oligomeric radicals
to an aqueous medium, reducing free polymer particle
formation.""”) Furthermore, the spherical microcapsules
with high shell strength were obtained. Because of its
high performance for microcapsule fabrication, as men-
tioned above, the msITP would be effectively used to
cncapsulate fatty acid.

However, most of the polymers used in the encapsula-
tion of heat storage materials are synthetic polymers
derived from petrochemicals, which currently cause
environmental problems. There is great interest in using
biopolymers as an environmentally friendly material with
biodegradability and biocompatibility.> " 182
Cellulose is the most abundant biological polymer in
nature and has been used in various fields, such as food,
medicine, and cosmetics. It is a promising candidate as a
shell material for microcapsules. However, highly crystal -
line cellulose has poor solubility, which limits its
applicability.*"! Then, various cellulose derivatives are
produced. Cellulose acetate butyrate (CAB) is a cellulose
ester prepared via the simultaneous esterification of cel-
lulose with acetyl and butyryl groups.™ It presents
advanced characteristics such as high solubility, biode-
gradability, good film-forming ability, good compatibil-
ity, and high glass-transition temperature. Due to such
outstanding propertics, it has attracted more attention for
microcapsule preparation and has been regarded as one
of the most widely used cellulose esters for microcapsule
shell materials. ! However, it was mainly used to
produce the microcapsules by solvent evaporation tech-
nique using a large number of organic solvents. In such a
technique, the molecular weight of the polymer also
influences the microcapsule morphology and EE of the
core substance. ™! CAB/emamectin benzoate microcap-
sules were prepared with an oil-in-water (/W) solvent
cvaporation method using chloroform as a solvent for
slow-release control. Although %EE was high at about
90%, low % loading (about 20%) was obtained.™ The
eugenol-loaded microspheres wsing different cellulose
derivatives, such as ethyl cellulose, cellulose acetate, cel-
lulose acetate phthalate, and CAB were produced by a
solvent evaporation method targeted for textile applica-
tions. However, low EE values between 19% and 35%
were obtained for different cellulose derivatives.*®!
Because of using large amounts of organic solvents and
low %EE and loading, synthesizing polymer to form
microcapsules is a more appropriate technique to over-
come those drawbacks. Then, msITP fabricating micro-
capsules in both O/W and water in oil systems is one of
the powerful techniques, giving high %EE and loading.
The polymerization mainly takes place in the oil droplets
as named droplet nucleation mechanism, where the

encapsulated substance exists, resulting in high EE.
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Therefore, to prepare a novel eco-friendly heat sto-
rage microcapsule with a high %EE and loading, an eco-
friendly technique as the msITP is used to fabricate
CAB-based microcapsules encapsulating fatty acid.
Capric acid (CA) or decanoic acid, a fatty acid with a
transition temperature of about 30-32°C is sebected as a
bio-heat storage material. CAB composited with various
methacrylate polymers, MMA, GMA and BMA, is pre-
pared as the strong shell to obtain environmentally
friendly, stable microcapsules. It is expected that the
incorporation of methacrylate polymers may accelerate
the internal phase separation of polymer shell forming a
core-shell morphology which increases the EE of the
microcapsules. The effects of CAB:monomers and poly-
mers:CA weight ratios on the morphology, EE and
thermal properties are investigated.

2. Experiment
2.1. Materials

Methyl methacrylate (MMA; purity 99%, Sigma-
Aldrich), glycidyl methacrylate (GMA: purity 99%,
Sigma-Aldrich) and butyl methacrylate (BMA; purity
99%, Sigma-Aldrich) monomers were purified by pas-
sing through the column packed with basic aluminum
oxide to remove the contained polymerization inhibi-
tors before use. Cellulose acetate butyrate (CAB; Mw
12,000: technical grade, Sigma-Aldrich), capric acid
(CA; purity 99%, TCI), iodoform (CHI;; analytical
reagent, purity 99%, Sigma-Aldrich) and ethyl acetate
(Analytical reagent, RCI Labscan) were used as received.
Benzoyl peroxide (BPO; 72-77%, Merck) initiator was
purified by recrystallization in methanol. Polyvinyl alco-
hol (FVA; 89-90% hydrolyzed. average molecular
weight 30,000-70,000, Sigma-Aldrich) was used as a
surfactant. Deionized water was used throughout the
study.

2.2. Preparation of CAB/methacrylate polymer
composite microcapsules

The CAB/methacrylate polymer composite microcap-
sules encapsulating CA were prepared by micro-suspen-
sion polymerization. The homogeneous oil phase was
first prepared by dissolving CAB in ethyl acetate as an
appropriate solvent at a ratio of CAB:ethyl acetate at 1:6
by weight. It was then homogeneously mixed with a
monomer, BPO, CA and CHI;. The obtained oil phase
was then mixed with the PVA aqueous solution before
homogenizing at 5,000 rpm for 5 minotes. The suspen-
sion of oil droplets dispersed in the agueous phase was
smoothly formed. After that, the produced suspension
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was subsequently transferred to the round bottom flask,
sealed with a rubber septum and purged with M, gas.
The polymerization was carried out in an oil bath at 60
C, with mild mechanical stirring to form CAB/metha-
crylate polymer composite microcapsules encapsulating
CA_ Various parameters were investigated to produce
the microcapsules as follows.

22.1. Type and amount of monomer

To prepare CAB/methacrylate polymer composite
microcapsules by micro-suspension polymerization, var-
ious methacrylate monomers, such as GMA, MMA and
BMA were used. The influence of CAB to monomer ratio
and monomer type on the microcapsule characteristics
and EE were studied as the conditions listed in Table 1.

222, Polymer to CA ratio

The effect of the polymer:CA ratioc on microcapsule
maorphology, %loading and EE was investigated at var-
ious ratios as shown in Table 2.

2.3. Characterization

The percentages of monomer conversion (%hconversion)
and free polymer particles in an aqueous medinm were
measured by gravimetry. The inner structure, shape and
surface morphology of the produced polymer composite
microcapsules were observed with an optical microscope
(OM; SK-100EB & SK-100 ET, Seck Inter Co. Lid.,
Thailand) and a scanning electron microscope (SEM;
Prisma E. Thermo Scientific, USA), respectively. The
dried polymer composite microcapsules were placed on
a nickel SEM stub and coated with Au for SEM observa-
tion. The chemical structures of the CAB/methacrylate
polymer composite microcapsules were investigated by
Fourier transform infrared spectrophotometer (FT-1R:
NicoletTM 1STM 5, Thermo Fisher Scientific Inc., USA)
in a wavenumber range of 400-4000 cm ™. Before FT-IR
measurement, the dried polymer composite microcap-
sules were washed three times with ethanol to remove
the unencapsulated CA from the microcapsule surface.
The microcapsule component and %loading of the
encapsulated CA were determined by the thermogravi-
mietric analyzer (TGA, TGA 4000, Perkin Elmer, USA) in
a temperature range of 30-600°C with a heating rate of
10*C/min under an N> atmosphere. It was used to calcu-
late %EE as in I:':]l.ualic:-n.‘“'1

YoLoading exp
—— = 100

YLloading th "
Where %loading e« is the CA content obtained from
the TGA thermogram and

FEE = (1)
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Table 1. Reagent amounits for preparing CAB/methacrylate polymer compaosite microcapsules encapsulated CA at warious ratios of
CAB:monomer.

CAEManomer [Sww)

Chemicals 10040 7525 6733 S50 1367 2575 100

il CAB 9 135 054 084 063 [T [ET] -
Monamer" g . 031 a4l 063 D84 054 125
[ g 135 125 125 125 1235 135 125
Ethyl acetate g 635 ET] 418 313 207 157 -
BPOY g . 0025 0033 0050 0.067 04075 0900
CHI, g . 0004 0005 0008 oo 0012 0016

hquenus PVA salutian {1%wt] 5 2% b1 250 250 2250 22.50 2250

*Glycidyl methacrylate, methyl methacrylate and butyl methacrylate
SPolymariCh = S0:50%wiw

Table 2. Reagent amounts for preparing CAB/PMMA composite micracapsules encapsulated CA at various polymer:CA ratios.

CAB-PMMALTA (Sew]
Chemicals T A0 50:50
0l CAB g 0.375 0500 025
MBAAS g 0.375 0500 0625
A g 1.750 1500 1250
Ethyl acetste g 1.675 1500 1125
BP0 g 0030 Mo 0,050
CH, g 0005 anro 0.080
Aqueaus PYA solution] 1 %t] g 1250 50 2250

TCABMMA = 6730 % w'w

WeightCA
= - =
WeightCA + [Weight MMA + WeightCAR) | Boereson Shegomeputiad |

%Loadingy = 100

The latent heats in terms of AH,, and AH, and the

transition temperatures of the encapsulated CA were | g L tion of core-shell CAB/metl late
measured !b'.“r the di‘f"q_““’ scanning talnrimc?tr polymer composite microcapsules encapsulated CA for
{D‘SC‘_]‘?S‘“ -1‘1300: Perkin Elmer, USA) comp?md with  pag storage applications. To fabricate highly colloidal
the original CA. The measurement was done in a tem- stahle, spherical microcapsules with high EE, various
perature range of —10-50°C with a scanning rare of 10* parameters are aptimized as follows.

C/min under a N: atmosphere.

3.1. Type and amount of monomer
2.4. Thermal cycling stability testing
To fabricate the spherical CAE-based polymer compo-

The thermal cycling stability of the CAl/methacrylate poly-  gite microcapsule encapsulating CA by msITP, various
meT compogite microcapsules encapsulated CA was tested  methacrylate monomers with different water solubility
by DSC. The thermal cycling for 100 heatingfeaoling cycles 54 solubility parameters were used at various weight
was continuously done in a temperature range of - 10-50°C

; ratios. The smallest amount of green solvent as ethyl
with a scanning rate of 10°C/min under an ¥; atmosphere.

acetate is used to entirely dissolve CAB prior to mixing
with the other components. The polymerization
3. Results and discussion smoothly proceeded to provide high mmOMmer CouvEr-

sion close to 100% for all conditions. The stable milky
In this w_nrk, mslTF is '-'-'":d for the Py of CAB- suspensions were well formed without coagulation as
based microcapsules. Various hydrophilic methacrylate  gipre | shows. After centrifugation, most of the micro-
monomers, MMA, GMA and BMA, are introduced to capsules floated to the top layer due to their lower total
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Figure 1. Photos of suspension of CAB/methacrylate polymer composite microcapsules encapsulated CA prepared by msITP using
MMA (a-g), GMA (a'-g) and BMA (a"-g") as methacrylate monomer at various ratios of CAB:monomer (%w/w): 100:0 (a-a"); 75: 5 (b-b™);

67:33 (c-c"); 50:50 (d-d"); 33:67 (e-e"); 25:75 {F-f") and 0:100 (g-g").

densities than that of water. The microcapsule yields
were 81-96, 88-97, and 89-99% for GMA, MMA, and
BMA, respectively. However, turbid aqueous phases
were observed because of the formation of free polymer
particles in an aqueous medium in the range of 4-19, 3-
12, and 1-11% for GMA, MMA, and BMA, respectively.
The percentages of free polymer particles decreased
with the decrease of monomer’s water solubility as 1.5,
1.5, and 0.3 g/100 ml for GMA, MMA, and BMA,*?-*"
respectively. Using msITP, the formation of free poly-
mer particles was depressed from that of the

71 even
at large content of GMA and MMA, moderate water
solubility menomers, similar to our previous work.''"**!
The formation of large free polymer particles may lead
to a decrease in shell thickness and strength. SEM is

conventional microsuspension polymerization

used to determine the influence of monomer type and
ratio on microcapsule morphology. Spherical CAB/
PMMA composite microcapsules with smooth outer
surfaces were produced at all ratios except at 100%
MMA as Figure 2(a-g) shows. Using GMA, the spherical
CAB/PGMA composite microcapsules were formed at

Figure 2. SEM micrographs of CAB/methacrylate polymer compasite microcapsules encapsulated CA prepared by msITP using MMA
(a-g), GMA (a™-g") and BMA (3"-f") as methacrylate monomer at various ratios of CAB:monomer (%ow/w): 100:0 (a-2"); 75:25 (b-b™);

67:33 (c-c"); 50:50 (d-d™); 33:67 {e-e™); 25:75 (F-f") and 0:100 (g-g).

(89)
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low content of GMA. However, they were rough and
tend to aggregate at high GMA content (Figure 2(d-g))
related to a large number of free polymer particles
formed in an aqueous medium. Similarly, the spherical
CAB/PBMA composite microcapsules were fabricated
only at low content of BMA. When BMA content was
up, the nonspherical microcapsules were formed with
coagulation as shown in Figure 2 (d”-f"") which may be
due to low glass transition temperature (Tg) (~20°C) of
PBMA cven though low-free PBMA particles were
formed in these conditions.

The magnification of SEM micrographs in Figure 3
exhibited the microcapsule morphology using different
methacrylate monomers. Because the solubility para-
meters of PMMA (23.1 MPa'?)" are close to that of
CAB (23.6 MPa'?),'*] they are smoothly miscible.
Moreover, because the solubility parameters of both
PMMA and CAB are higher than that of CA (209

MPam)."s' they prefer to move to the interface of oil
droplet/water and form polymer shell resulting in a
core-shell morphology, while the lower PBMA (17.8
MPa'%) ! and PGMA (19.6 MPa"%)"*! were not.
Then, the core-shell spherical CAB/PMMA composite
microcapsules encapsulated CA were produced. The
main characteristic peaks of C=0O stretching of ester at
1,732cm 'and C=O stretching of carboxylic acid at
1,712 cm ' were observed in the FT-IR spectra of CAB/
PMMA composite microcapsules (Figure 4c) corre-
sponding with those in the FT-IR spectra of PMMA
(Figure 4b) and CA (Figure 4a), respectively. This indi-
cated the containing of CA in the CAB/PMMA compo-
site particles.

TGA thermograms (Figure 5) show two steps of ther-
mal degradation due to weight loss of the encapsulated CA
and CAB/PMMA shell, respectively, compared with the
original CA and CAB. These results confirmed the

Figure 3. SEM micrographs and their magnifications of ground CAB/methacrylate polymer composite microcapsules encapsulated CA
using MMA (a), GMA (b) and BMA {c) as methacrylate monomer at a ratio of CAB:monomer (%w/w) 50:50.

(@)

S\

Transmintance (%)

1, 7220w’

00 3500 x00 00 2800

230 2000 700 1400 100 [ -] 500

Wavenumber {cm™}
Figure 4. FT-IR spectra of CA (a), PMMA (b) and CAB/PMMA composite microcapsules encapsulated CA at a ratio of CABMMA (%ew/w) 67:33 (o).
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Figure 5. TGA thermograms of CA (s, CAB (===} and CAB/PMMA composite microcapsules encapsulated CA at various ratios of CAB:

MMA (Soww/w]: 10000 (mmm]; F5:25 [l §7:33 [mm); GOS0 () 33:657 [

successful encapsulation of CA in CAB/PMMA composite
particdles. The loading contents of the encapsulated CA
directly determined from TGA thermograms were about
35-46% with high %EE values of ca. 270% as shown in
Table 3. Because spherical CAB/PMMA composite micro-
capsules provided a core-shell morphology with low % free
polymer particles, high %loading and %EE at all weight
ratios, they were selected for further study.

Thermal properties of the encapsulated CA were
determined by DSC compared with the onginal CA as
shown in Figure 6. The crystallization temperatures
(T.) of the encapsulated CA were similar to that of
the original ones. This means that there is no super-
cooling even in the confined space which is different
from the microcapsules of paraffin wazxes. 147 This
is a superior property of fatty acid beyond paraffin
wax. Although the core-shell CAB/PMMA microcap-
sules were formed, the latent heats, AH,, and AH,,
determined by DSC were reduced from those of the

Y RE:TS (m) 2 0100 o]

original CA as Table 3 shows. In our previous works,-
4181 yising MMA as a quite hydrophilic comoenomer
enhanced phase separation of the polymer microcap-
sule shell and paraffin wax core. Then, high latent
heat values were obtained. Because the solubility para-
meter of octadecane (OD) is 16.4 MPa"** which is
lower than that of PMMA =5 PMMA and OD are
unlikely miscible, leading to the enhancement of
phase separation. The complete phase separated OD
core similarly performed as the original ones resulting
in equal latent heats. In contrast, they are likely to be
miscible because of the similar solubility parameters
of PMMA and CA (231 and 209 MPal/2, respec-
tively). Therefore, the melting and crystallization
behaviors of the encapsulated CA located at the poly-
mer microcapsule inner interface are restricted, redu-
cing the CA’s latent heat from the original ones.
Then, incorporating PMMA in the CAB matrix
could not increase the encapsulated CA's latent heat.

Table 3. Encapsulation efficiencies and latent heats of the encapsulated CA in CAB/
PMMA composite microcapsules using warious ratios of CAB:MMA.

CAB:MMA

Latent heats {L'g-CA)

3% wiwl WEE AH* s
) S 1682 [+ 2.99) 1724 (£ 213)
1004 0 867 (4 133) 716 (£ 091

7525 5 1048 [ 2.98) 1023 (£ 211)
713 B 1448 [+ 324) 1312 (+ 288}
S50 &7 1057 [+ 7.76) 1029 (+ 9.43)
1x4T 75 1024 [+ 267 993 [+ 2.60)

TS o7 1128 [+ 523 1052 [+ 538}
o 7 953 [+ 2589 424 [+ 30.35)
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Figure 6. DSC thermograms of original CA (a) and the encapsulated CA in CAB/PMMA composite microcapsules at various ratios of
CAB:MMA (%w/w): 100:0 (b); 75:25 (c); 67:33 (d); 50:50 (e); 33:67 (f); 25:75 (g) and 0:100 (h).

3.2. Ratio of polymer to capric acid

To increase the %loading of CA in the microcapsules
where the shape and %EE are maintained, the ratio of
polymer:CA is varied. Using CAB:MMA at a ratio of
67:33, the milky suspensions were smoothly formed
(Figure 7) with high % monomer conversions for all
polymer:CA ratios. However, the nonspherical shape
microcapsules were produced with an increase of CA
content up to 70 wt% as observed by SEM in Figure 8.
When the CA ratio was risen from 50:50 to 40:60, the %

loading was increased from 55 to 59. However, it was
reduced to 47% for the polymer:CA of 30:70 due to
insufficient amount of polymer to totally encapsulate
CA. It accorded with the decrease of %EE from 98, 97,
and 67 for 50:50, 40:60 and 30:70, respectively. Although
the %loading and EE were changed the latent heats are
still maintained as Table 4 shows. Because of the forma-
tion of colloidal stable spherical composite microcap-
sules with the highest %loading, CAB/PMMA
composite microcapsules using polymenCA of 40:60
are selected for further study.

Figure 7. Photos of suspension of CAB/PMMA compasite microcapsules prepared by msiTP before (a-c) and after (a'-¢') centrifugation
at various ratios of polymercapric acid (%w/w): 30:70 (a, 2; 40:60 {b, b’} and 50:50 (c, ).
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Figure 8. SEM micrographs of CAB/PMMA composite microcapsules prepared by msiTP before (a-c) and after (2"} centrifugation at
various ratios of polymer:capric acid (%w/w): 30:70 (a, a); 40:60 (b, b") and 50:50 {c, <).

Table 4. Encapsulation efficiencies and latent heats of the encapsulated CA in CAB/PMMA composite microcapsules using various
ratios of CAB:MMA.

Thermal properties

Polymer: CA

(Yw/w) A4, "Uig-CN) A4* (JigCA) T ['O) peak T, "0 peak
Pure CA 180.6 (& 2.99) 180.2 (£ 2.13) 293(20.12) 262(+031)
70 140.4 (+ 3.98) 12224+ 417 282 (= 004) 241 (£ 063)
4060 145.8 (£ 2.32) 141412116 268 (£ 0.08) 216 (£052)
5050 1449 (+ 3.29) 1312 {= 288) 292 (= 012) 234 (+038)

ratio of 67:33 and polymer:CA of 40:60 were tested for
100 heating/cooling cycles, similar DSC thermograms
with the constant latent heats and transition tempera-
tures are observed as Figure 9 shows. Then, the fabri-
cated microcapsules presented high thermal stability
which would be suitable for heat storage and tempera-
ture control applications.

3.3. Thermal cycling stability testing

Heat storage or phase change materials perform & num-
ber of cycles of heat absorption and release with the
temperature change. Therefore, their stability in thermal
cycling is important for their applications. When the
CAB/PMMA composite microcapsules ata CAB: MMA

Heating Coaling
lEndo
10"
i o |E N
: \ ey e
3 | s 3 \
100
0 10 20 20 40 50 A0 0 10. 20 30 40 %0
Temperature {'C) Temperature ('C)

Figure 9. DSC thermograms of the encapsulated CA in CAB/PMMA composite microcapsules at a CAB:MMA ratio of 67:33 and polymer:
CA of 40:60.
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4. Conclusions

The bio-based CAB/polymer composite heat storage
microcapsules were successfully produced by an eco-
friendly ms ITP technique using a green solvent of
ethyl acetate. Among various MONOmers,
using MMA produced stable spherical core-shell CAB/
PMMA composite microcapsules with high EE =70%
and low-free polymer particles. However, the latent
heats of the encapsulated CA were reduced to those of
the original values which may be due to the incomplete
phase separation of the CAB/PMMA polymer shell and
CA core. This is the general phenomenon found in the
encapsulation of PCMs. When the polymer:CA ratio
was up to 40:60 the stable spherical composite micro-
capsules with the highest %loading of 59 were obtained.
The thermal cycling stability test revealed that the pre-
pared CAB/PMMA composite microcapsule was ther-
mally stable for 100 heating/cooling cycles. Therefore, it
would be served as a heat storage microcapsule for beat
storage and temperature control applications.
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Experimentals

Ethyl acctacCAB

ChlorofounCAB

Fig. 4 Optical micrographs of CAB-g-PMMA/CA microcapsules prepared by ms TP before (a-g)
and aftcr (a’-g') polymerization at various ratios of CAB:MMA (%wiw):100:0 (a, a'); 75:25 (b,

> Botyrolictme CAI, b'); 67:33 (co0); 50:50 (d, d'); 33:67 (c. ¢); 25:75(K F)mxlD 100 (g, 8"

Tablel Reagent amounts for solubility testing of CAB w
Solvent:CAB (Yawhy) - - oL v I 5 : (L 25 75 (I) and 0 100 (g)

Chemicals
a1 b ey e Table 3 %L odding and % Lincapsulation of CAB--PMMA/CA microcapsules obtained by ms ITP at various
Solvent* 4 3 < ratio of CAR)

GCAB 1 ‘ 1 . W 3 CABMMA) Y%l.oading
«: Ethyl ucetate, Chloroform aud 7-Butyrolactous % . g (Yowiw) Experiment® Calculation®
. 100:0 34 34
> 75:25 3 88
A = Mt et e )
5 - Cellulose aceate byrte 3 J ; 67:33 %0
\ 50:50 / 8
33:67 60
87
7

%Encapsulation

s | W)mu

=74l P

& _ s
% 2 1
ITP at various ratios CAB:MMA , » ) ! <
: i S ) S 20 "ﬁ/—‘ T
Cliomiodic CAB s MMA (%win) R é 7 | | | O . o
: 00:0 7525 67:33 50:50 3367 2575 0400 | 3 Eig. 6 DSC.and TGA | ‘of CA (—) and ion CA in € A
Ol CAB g 125 094 08 063 042 030 . "% mlcmnlpmlex prepared by ms ITP various ratios of CABIMMA (%wiw): IMO(~)- 75:23 o)
MMA g -\ 08T 5042\ 063 (083 Dood 125 OF :1 sosn(—ihizsv( ),.15'75( ) and 0:100 (—)
cA g 125\ 125 025 \125 125 125 125 Beae CAin CAB-g-PMMA mi
EA g 625\\4607_ 17 313N\ 208 157 Ui e E -CAB_MMA(%_M Thermal g
BPO ¢ - 003 003 005 007 008 010 4 N 'C")’_' AHS (Jg-CA) Tu (€) peak _ T.(C) peak.
CHI, g - 001 001 001 001 001 Pure CA 168(13.75) 172(£9.60) 29(£1.68) 25(=0.40)
PVA
Aq““‘“ solution(1%wt) & 2250 2250 2250 2250 22.50 2250 100:0 86(+133) TU(£091) 28(£0.06) 23(=0.04)
Polymer G- 5050 S Nl p 75:25 99(£2.98) 9£2.11) 20(0.03) 23(£2.62)
R v 67:33 145(£3.24) 131(2.88) 29(£0.12) 23(£038)
Results and discussion =
50:50. 76(7.76) 43(£9.43) 25(£0.41) 20(=0.18)

33:67 91(£2.62) 73(12.60) 20(L0.11) 23(£1.25)
2575 103(+5.23) 97(+5.38) 29(+0.26) 24(+0.28)
0:100 75(+25.89) 61(=3035) 28(+0.21) 24(+0.58)
Caleulated usissg e following equalion: AF,,® or AHLA(/g-CA) ~ (VB x100
Where A~ AIL, and ATL of the eucapsuluted CA i vaits of joules per | g (Ve-cpstle) obtuinid o the DSC thétuoprant
i u A mis ined row the TGA tiermomu

Conclusion
CAB-g-PMMA/CA microcapsules were successfully prepared by ms ITP. The colloidal
Fig. 3 Photos of suspension of CAB-g-PMMA/CA preparcd by ms [TP before (a-g) and afier (o< stable spherical microcapsules with smooth surfaces were obtuined, Using CAB: MMA at 67:33
) centrifugation at various ratios of CAB:MMA (%wiw):100:0 (a, a'); 75:25 (b, b’} 67:33 (¢ (w/w?%) presented high encapsulation of CA with the good thermal property. The melting and

of the CA were ﬂmllar o (hme of the. nﬂgm:l] C‘A

©):50:50 (d, d'); 33:67 (e, €°); 25:75 (£, 1) and 0:100 (g, 2*)
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