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ABSTRACT

The research aims to prepare microcapsules containing the commercial wax Rubitherm
27 (RT27) using poly(l-lactic acid) (PLLA)}based microcapsule shell as a biodegradable polymer by
microsuspension polymerization.

Before polymerization, a commercial PLLA was depolymerized via glycolysis to produce
a shorter molecular chain as in PLLA glycosates (GPLLA). The influence of the polymer shell on
particle morphology was studied by optical microscope and scanning electron microscope. The
chemical structures of the obtained polymer microcapsules were characterized by Fourier-
transform infrared spectroscopy and nuclear magnetic resonance spectroscopy. The thermal
properties and content of encapsulated RT27 were measured by differential scanning calorimetry
and thermogravimetric analysis. Phase separation was clearly observed after monomer droplet
generation with methyl methacrylate, ethylene glycol dimethacrylate, and polyethylene glycol
diacrylate as comonomers. After polymerization, broken microcapsule particles were obtained. In
contrast, a spherical microcapsule with a smooth surface was obtained with copolymerization
between GPLLA and glycidyl methacrylate (GMA). In addition, high encapsulation efficiency (96%)
was obtained. The latent heats of encapsulated RT27 in the term of J/g-RT27 were 202 and 200
for the heat of melting and crystallization, respectively, which were close to those of the pristine
RT27. In addition, a small change of thermal properties of encapsulated RT27 after 50" thermal

cycling test was obtained.

(5)



Therefore, it can be concluded that biodegradable- based GPLLA- co- PGMA
microcapsules encapsulated in RT27 were successfully prepared by microsuspension
polymerization for the first time. High-performance PLLA-g¢-PGMA/RT27 microcapsules with thermal

stability and having high latent heats would be appropriate for various heat storage applications.

Keywords: Poly(l-lactic acid), Microcapsule, Phase change material, Microsuspension

polymerization
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welgavugdvesy 27 (mdw@1nvinisaeme 2- Inwnuea) lagly

dnsavaalnalaladwedLoawanin wadn fa lnadhawwniesany 1:1

(IR N TR N N IIIS=— (N77// B~ S 84

DSC masluunsuvesiiinesu 27 U3ans (a uag a’) uay Umesu 27 9
gniniu(b waz b)lunediweslulasualgandnsdiuniveslnalaladne

a a a i aa a ::4'

Auoauan@n wedn Aolnadfa WNIASEN N 111 e 86
DSC nasluunsuvesgiinesy 27 Usqvis (a) way 30mesu 27 fignintiu

(b) nrelunediweslulasuauganiniunisiigumngiingie 0 - 40 a9

Y

IS A o !
PRLYYEANVTIUIUIDUR N oo 87

Optical micrograph fnéefiiadisumensdwesiulasuaugannsaule

DANTUD B2 oo 89
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1.1 anuduauazarudifgvasdm

wodwesilutagnieuihunldlundadusinuinuneliosaniinuaudfiviu wu
~ S o ' Y, ] o § ya |a v a xY a X
fumtniun nuniugs nusiensianseu [1] v lulivsununisldnefwesnilaniiiuuindu
a dd‘ ! a d' ) 1 a aa
AaDATEELLIAUA18AUTNNILNN [1-5] wanadn?ldlnenaly wu wedlediau (Polyethylene;
PE) wodlnsfidu (Polypropylene; PP) uaznadaln3u (Polystyrene; PS) Fegnuanunainans

=Y a N A ! i 1% a 9w
aauilaangeannssutinsiad Falauamunazliaunsadesaatsla viwilaldszevia

[
I [

Tunsgesaarsuuiedest dnlu nisdildnarafnmariiludrwuunnlulagiuisinisang

Yoana1afinludInasuinuIuLin laglanizswaltadnfduuiatan M5en3n lulaswaiasin

Y

(Microplastic) %58 lulasta (Microbead) @slugnsliuiunii dnineaanslaliaiiuaula

(Y]

) o A a a Ao i Y a I a v 1
LLagLﬁqigjﬂmaLﬁﬂwLﬂﬂﬁ]qﬂﬂqiimﬂiﬂﬁUﬂ Nnn" Qﬂ@IWLﬂWNaLﬂigﬂUW@aﬁLnﬂaaﬂiaﬂqﬂﬂJqﬂ

1%
o 1

Taganiznisanatsluunasinaieginlan esannlulasdadauinidnluszavlulasiuns

Jergmasgunasiiuaziinnisana1efannusiguanalan [6-17] lngn1sanA1aves

2 o v P v ¢

lulastamanimdndudamdrdgidesanaiunsaunsndunasiuddiviazdning.a

& Y

waunsanduingsanenyudednisuslaanuidlgenms Fuluiinsuduiiinaiadn

a

Tunquansdunidfinnuiluiivas uenannd dianusagaduarsivdugainumainls [17]
Tnevlulaulastnlddudiunaulundndneiniee Wy sandusinsosdens [8, 18] nanAw
awsdusuonia waz nandamdme [13, 19] 10usu mndgwsingqiinanundrsiu Tutagiu

JusuiimsidalulasinlundndusiaielunatysUszina [20]

fawdlundnduandmedsldinisdndanisldlulastaangeamvnssutlasaiiogaiy

v
v (3 = kL

duanduaraidazaealasunis

o

119015 waandgmnnuludaiedey lusurandulng
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a i

yamneiiaiiuyaabitududlaewiuiiuainulasnds viuvadeuazauazainauiedu

[ (%

i Tnednisiilulasualgaiiinsiuiandifysnsedovasuunandueidmadudiuiun

lnefiinguszasdnneiuly wu Josiuuuas [21] Winanuneu [22-24] naadnmdamasuie

[25-29] uagmiunuaungil [30-33] Inelunisindeuwalgaaiuudi agvilaeindnlugaly

Ao o A

A15HUIUADHVRILAUYANIFLTOUNTRATNYILNTEANNANDYLALATLUIUNITHAY LAY
. . . . . . A

Padding spraying impregnation Wa¢ screen printing [33-35] luimmﬂsgammmmmaau
aguuklaUsEanu 20 90 210t Az rgaLaziinnNIsaNASlusTIUYA Dudiluusema
Ingazdslufinsauaulunisldlulasiadenan winsudanduunaunuiidudsidnluses

¢ = o v Y = Ao @ v >
AIsAny tllesainmilantiaiiuaula Ysenesuiulsemelnedanainssunindudeld
lulastawazlulasiasuadvgailudivauuan Famanlddnasideiendululasiauas

lulasuavgauanainazlilandymnisanamsludaadouusionanulufaafnenimnisudadu

MaNsAvetgnaInnssulundndueimaiveslsunane

31nn1sAnwATefiiunieatuntseseululasuaugaiuiagiuanudou

(Heat storage material) #3© ﬁfaqmﬁsmi’gmﬂ (Phase change material) [36-42] wui13gld
- I a 13 a Ay ' v =~ v oA
Waenvesuaugailunediwesantlasiaiinliaunsadesaaislonia@iinin Ingnuingadl
nsfnwiuteglunisldnedwesndesaarsuasidniulinis@inimundauaugaiuiannu

¥ U & vy ) DY) =3 % = DAY a
anufeu fauddaaulalunsimuilulaswalgauiaginuaiuseuneldiiuingavly
N13HAANIATUANRUNYH (Thermoregulating fabrics) n3aR1USuan1wAIINToU (Thermal
adaptable cloths) lagldiudennediesualgasnnediwesiinmiaisadesaaislaies
a Y o vy =~ = o~ a & a oaqwvg

pussIURIRkasiniulan1agInn iemwnululasuayaiiwssuanwanainaaauyivividu
fpsiudwindeu lnawdenld wedueananiinue®a (Poly - L- lactic acid) 1Juludenves
lulasuavgailiesanilunedwdnaiunsadesaatslaniusssueid lnenislalaslada
(Hydrolysis) #3en1sgesaaienigiaulesl (Enzymatic degradation) fiagu#l 1.1 uanainuugs

[ a

[ a sala 1 % =2 LY o 3 PN 1
LUUW@@LiJE]iVl?JiWﬂWIiJE;IQSﬂﬂUﬂ f\mmmzﬂmﬁmmmummumLmuluimmﬂﬁawlm

q

aunsadesaanglalutagiu
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CH, 0 o
0 Enzymatic o
0 . - @ " o OH
0 biodegradation
o CH, gt HO

Polylactic acid (PLA) Glucose
O
HyC
3 .T)‘\o /
O
CH,4
0
L-lactide

Ul 1.1 nszuiumslelnsladavesmedusauaninuedn
1.2 JngUseaAvauilY

1.2.1 wiefnwinisimuiniswieululasuaugaiuianiuauiou lngldiuden

< a ¢ 1 a & v oo vy =
LLWUfg'ﬁLUU‘W@ﬁLll@31/]?1’111'13@ﬂﬂﬂﬁﬁqﬁllmUﬁiim‘?ﬁmﬂﬁaLGU'WﬂuvL@VI’NGU’Jﬂ']W

1.2.2 \iefnwnisimeditesvuualganlaluiniourduSuanimanudousuwuy

1.3 YaULAVBINEITNUS

1.3.1 wsgunodkeauanfiniadn NuIalulananie)annsani1anisan 1ngls

Inalala@a (Glycolysis)

1.3.2 mannzimuizanlunisieisunsdueananfinueda lulasuadgay

sUwes 27 (PLLA/RT27) lnensguiunmssuivieivinazale (Solvent evaporation)

4 a [

1.3.3 wiannziwanzadlunismssunedweslulasualgaiusimes 27 Ald

wodnoauananwadn tWussrlsznaundnlanediuasiunaduasmiinulaniedinin

1AENILUIUNTHUATIZAUUULVIUADY

1.3.4 Anwimsdnedweslulasualganwioulinadoud uasnaaeuaudan

a v
bNYIVB
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1.4 NSAULUIANUANYDINEITNUS

[ < [

wodwoshulasuavgauiagnuaiuiewdunislusauyaifinisfinwiwaziunly

q

UseleviA1ugaaIunIsusIa) g 1aunsvany Wy AMUNgau [36-44] neasne [45-50]

'
a

wazde [24, 27, 29-35, 51-53] 1flesannsvindaniuaiuieudiden Ao wiudiuilunis
d1ewmausouladiuiunin auauUsiunsasuilasvesiandaiinnisasunlas
Tpa1e wazlesiudninaaindwwindeunigusnsedan n1sidenldTagaiuseutduiuegiv

samaiilunisldauwazuiinanisganudeu [40, 49, 54] avhlidasiuauioulduaiy

Y v 3

aulalunsihluyssendldanuluiusingg mswisuneiweslulaswaugariuianiuanuiou

9

dunndouwienlasldnszviunisdunnzinedweslussuunszaeniivnluigniadeiiio

1A NIZNTZUIUNTAIATIZTRU UL UaRs T umaTAnienlasuauideu TnedinisAnuiniu

e

pgniunlagldiudonnediwesyiingieg wu woddlasunaznedalsiuladunediuesousy

[y

[55-59] nauezAsannafiuashavnNsianedwaiiunediuesdus [58, 60-66] wiaNWIFEN

dunnuninIdelnediuluglilaliauaulanavesudonwediuesnon1ausoutisueg

£ o
LY S a Y

Faquiuanufeuiegluualya wWeldwiuunidsisnuinaueuwdsvainisiuasuanugi

L= ]

MavasumaIkaznIsiaNanvesTagiuauieuioglunaugasasdeiSoufisuiuTaniu

Y
¥

Auseunldlagniiu [67-73] 0193uiiieunannisidanslenedwesmiwinluanasiidiu

9

wilssusiuiagnuanuseunduwnuitliiiansuenignialiauugal

ndgyninanind1eau sty r1a1nn1TaaI8R181NY8IN0ALUDTNNIDIN

=3

gaannssutlnsad lusuidelfaulanasiauimediusslulasuavganldiudondu
a sl % = = a a a Y A s 2 v
wodlesndevaaglaniiinmAe nedueanansnueda wazld sUmesu 27 Wuduwuuves

[y

aniuAuiou
! [ L - Y (<3 2/ o v a & & A LY =~ Ao !
sgalsfimulunisininuianiuaufounlinediwesiduiondduniiiinase
Uszansninlunisiniiusiunenismisuualyafontaluianavewufennadiuesys
WoRALaALANANKETA LNTANNITAIEINIAlANaRaUY1Ee AsluluTulsnIsd@nwInITan
walulanavesnedLeawaninikadn aie3snisinalalada Inenisuinednoawaniniodn
iufisendueiiaulnanea Ndnsdrukaziiaimunzay agld weduoawanfntadn aziin

(%

nswanuazauasRInalnnsinUfAsenlugui 1.2
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sUN 1.2 nalnvesnisiianedueauaninuedn Mi1unszuiunisinalalada lag (a) Ae

Noauvananinwadn (b) Asweiaulnarsa way (©) AvalalyvaIndLoakanA@nkadn

'
a0

PununszuuNstnalelada [74)]

Tunswsedlulaswagaiuiagiuanuieusamatianissemesvhazaigegiaineg

lneldalvinazatgdunsduuussuuinguluti (Ol in water (o/w) emulsion) lagtnediues

a

wnanfuTanivanuieundinszatemluiiidasaausafeidaindunenvesaisazane
a e o = = a a a « o @ I 1%

sunsdlavenfousudeuss esannedueauaninuedn danuiitigainirfasiuainusoeu
AatiuluseninmssevedninaragdunIdandI nedueauaninuedn iAFeuNoanuIriu

wengavingazlanedinesuauyaniineduoawanfinueda iuldenuasianivauiowdu

wnunalnnIsnseNwAUYafagUn 1.3

4 ® )

Homogenizer Solvent Evaporation
5000 rpm/5 min

PVA solution

Oil phase : GPLLA, PCM and Solvent
Water phase : PVA 1%

UM 1.3 laezunsudmsuniawienlulasuadganiuiagiuainudou dewmalinn1sssme

9819918
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nsldnedueanuanin wadnluldeniesrdafeiotaaryinlrnnuundauss
vosuaUgaruazluseninenszuIuns pad dry cure Aedligamaiigienvavilidenves
uegaiansidesnieunnliine dafulumsussandldnunmsiudmeanadndudosiins
Feslruausiuadszuinsansldnoausauaninueda dansidenlaneusiessinaniamisa

lalagniiunalneuyadase lagazdesinisusuussatvaieldveanaduaaianfniodn

[

lydifusanvatvansld nislveulanousiueiasuuatsldvesnaduoananinodnlaeiin

o

wusglmanaudiuatsveueznenluaislglaeldiizisuunienviadvrlun1siulalasiau

a a

(Hydrogen abstraction) tivelvilineyyadaseNA1susuasnaunsutinn1In I INAY0

a

laneusiuasniunalnaoyyadase (Anlungaususiueslunssulun1sdunsien
a 4 (% gj o % o P Y & (% io’ £
WedlNasuuukvINany) nasaintuiiliazatsludivinazansneldluigniauidu
(Oil phase) iuﬂizmumaé’amswﬁufuuLLmuaaEJLLazLaui’gmﬂﬁw (Water phase)
lanvanussisinazatseg nelundindumisuveaueusiueimenstunldusaleuas

lulvenuiou lnenalnniswseululasuaugauansisgui 1.4

Si—

+

Homogenizer
—

5,000 rpm, 5 min

Oil phase = Polymer, Co monomer, PCM BPO

\ Water phase = PVA 1% /

UM 1.4 leezunsudmiuniswienlulasuaugainianniuainuseu AaenszuIunIsnis

FuATERLUULILaDY
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Soldannzimmzaulunswioslulasualya szthmedweslulasuaugalunaass
wisninuiuan manudeudunuy Tashlulasuaugary anfvanudeuiieieulduqld
wasuideiiodudunuulunisinisuiiuivanmanufeulusedugnainnssusie
N58UIUNT Pad-Dry-Cure WaEATIIAOUENYMEVBINMEINITATOU U USUIanSadausn

LALANURNIIANNSDUTDIHN

1.5 Uszlevunaininazlasu

1.5.1 lanzimunzanlumswssunedueananinueda lulasuaugaiuianiu

ANTEUlAENITUIUNNSIEIAERIINaz AN

1.5.2 lganmzimunzaulunsinisuneduoananinuedn lulasuaugaiuianiu

ANMUSAULALNTLUIUNNTAIATIENLUULIIUADY

1.5.3 lalulasuaugaiiiuianiiuanuioulidandfvazanuaugumngiildedie
= a a v a s 1 = I3 2 1
fiuszansnm legldwedwesiiauisatesaaalalunisiinimduildon anlyninisnnang

Yosnedkues lasuauyalalusssuyd

1.5.4 gunsaihluedoudnieldiduinauauaangildegadivszdnsam
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LNAITHAZIIUIVLNINGIVDY

[ < 124 = a (%

2.1 ?ﬁ@]lLﬂ‘Uﬂ'J']ﬁJiE]u‘WiaLUaUULLﬂa\T'ﬁﬁﬂqﬂ
Jandsuudasignia wietaniuanuiow Wutanniinuantilunisgauazaiy

aruseuluszninanisilasudgaianazaiuisadniiundsauainudouls lnadagiiu

¥ ! < ' oA a a6 a a 6
AuseunUteaniluassngulvgqfe a15Usenaudunid wavarsusenoveiunsd
= a a6 | I a A 9 a | o I3
Fea1susenoudunsdazuiteanilu 2 ylingesds ladldnisilu wiu nsaledy eames
LOANDTRAE WAz W131TIU WU BNATIAAAAL BNTZIAAAY kay JOesH27 Jamsfludy
nauitleulduinigangunis Weswndaininuganuieuas ldiluiv ldfanisiansou
= = = INY Y A A o 1% o Y
fanuatesluszeziaiuuiariisiagn widdesssfeiidinisiiaiusouian[75] winnis
euvesianiuanueu Aedanazgandsuaiiuiou Wegmnglivesdiuindoudinii
gaumnilun1sdsuaniugi3eningzuIuN1sYANE9IU (Endothermic process) waz Januiu
Auseulasuaniuzanvendadurenrad lunenduiuianiuanudous sanendsnu
AUTaUBINU IR IvesdEwInRBNAIN RN lUNSIWAYUANULITENTINTEUIUNTT
ANENEUANSBY (Exothermic process) Lagilasuaniuyainveavaiuveauds (76, 77]
LEAIRINING 2.1 M3dendaniuanudeussinnsanainyieamgilunisiisuaniugli
Tndfestvaaumgiilunisldau uazdidimnugaiuieuas lnedanivanuseussiedinis

] Y o Aa A o 9] a a = ! = @ a
ATYLNNANTIUATITUIDUNR Nﬁ’]ﬂqiuqﬂﬁqmﬁaqufl UANULFDYINBDANTILAN VLZJLTJUWT’:L e
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High temperature Low temperature

»
v vy ~
a K
Endothermic
‘ ‘ process ’ @
Exothermic ‘
‘ process
v v
Heat of melting Heat of crystalllzatlon

AH

Muil 2.1 Tdnsmsiasuwdasigniavesiagiueuen

[y

=3 4 1 Y & 1A J a a6 a a 6
ﬁ(ﬂLﬂUﬂ’J']ﬁ,JiEJUﬁ’WZLI’ﬁﬂLLUQI@LUU?I’ENU?SLJW]IMQJ, AB NYNEFITDUUNIY LAY d178UNTY

2.1.1 nguansetiunid

[
a

Faquuauounguildnlngifenls Ao indeludoudaminuay Janlans

2.1.1.1 ndelawsa (Salt hydrates)
a a A A& a e B I Y P
Lﬂa@lalﬁﬁfﬂﬂE]LﬂaEW]LUUﬂWi@UUWﬁﬁluuq@%1111@3\1337@ Ejmﬁ/ﬂﬂl,ﬂll

f® AB.NH,0 181 KHPO,.6H,0 MN(NO,),.6H,0 FeBrs. 6H,0 waz CaCl,.12H,0 flgamagil

Y A

TunI598 U NAaLAZHAIAINUS D ULNILARIAIAISI9N 2.1 [78] UoRvaanaalalnsy Ao

a0

¥ 1 o vV ! A‘ L2 !
mmmmamwﬁmwaaummq]ﬁ LLagﬁﬂ']ﬂ’]iU’]ﬂ’ﬂlliﬁluqfl VLllﬁi]VlﬁI‘lJﬂ'ﬁﬂﬂﬂ'i@u
1% A

whtulsanunatafnnazliiduiusednndon wieg1slsAnudlivernsy Ao LAANISLEUF2

Bagnniige i lviluseansanlunisidauianas
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A15°99 2.1 gaungiilunisvaeuiaiuazauioulavaundalawmsn (78]

T
A

%o gasadl gaungiilunis AIALTOU
nauvad (°0) LR (KJ/Kg)

Talnunadeslalnsiaunaains

K,HPO,.6H,0 18.5 231.0
wwnazlansn
losouluslua enazlamsn FeBrs.6H,0 21.0 105.0
waanflalumsn enwelawnse Mn(NO3),.6H,0 25.5 125.9-148.0
wpaeumanlsn lawaclawmsn  CaCl,.12H,0 29.8 174.0
aenluwmsn lalawnse LiNO3.2H,0 30.0 189.0-296.0
aveuluwsy leslawmse LiNO;.3H,0 30.0 296.0
TG ANAISUBLUA WALLaLATA Na,COs.10H,0 32.0 267.0
Toifendamn wazlawsn N2,504.10H,0 32.0 251.0-254.0
loseulnuwnaifoy ooy KFe(SO4),.12H,0 33.0 173.0
wpaenluslus wnaglamse CaBr,.6H,0 34.0 115.0-138.0
aenluslua lalawnse LiBr,.2H,0O 34.0 124.0
Fanlwwsn wenwzlewnse Zn(NOs),.6H,0 36.0 134.0-147.0
losauranlsa Lonwylawmsn FeCl,.6H,0 37.0 223.0

2.2.2.2 Tavg (Metallics)

Jaouiuaudoutioglunguilsaludslavsginafin (Metal eutectics)
wazlanzfidmasuinaini (Low melting metals) Fudunquinlufisnfdnuluiagiuaiiy

o Y] = a Y] ° I vadad o« ° 9 PN = Y
FRUNINUN LUBIINNUAIAIUTDULKIALANANUANAAD Nﬂ’]iu’]ﬂ?’]ﬂi@um?ﬂﬂﬂiqﬂ UAINUIDU

° [ [ i

J1m1e (Specific heat) wagdimaudulonan Jagiualuseulungulanstuansianisis

22

M1319% 2.2 gauniilunisvasumvaduazA1nNTaULHIaslany [78]

T
=

%o gaumiilums  AAduTouus
napuwal (°0) (KJ/Kg)
\mBlsiuY gimARn (Cerrobend eutectic) 70 32.6
Jasfa-nzm-Suidion gimaAn (Bi-Pb-in eutectic) 70 29
Jada-suneugmain (Bi-in eutectic) 72 25
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2.1.2 NANATOUNIE

[

o o & | v & - G a
a@]LﬂUﬁ')qlﬁQUﬂaﬂJuaqﬂrﬁﬂLLUQaaﬂlﬂLUuaaﬂﬂigLﬂVI Ao ﬂaMWIMISUWWSWWu

9 9 9
1 a a

\Wu wealteiaulnamea LL@Zﬂ@:M‘W’]i’]W‘U LU DONAZLAALAY LAZLINYLLAALAY

[y

I3 1% a g da 1 A a a o
E‘W]Lﬂ‘Uﬂ'J']lliﬂusﬁu@‘L!L‘Uumuﬁ]ﬂi‘muqma']‘mﬂﬁiu@qﬂ6] LUBNIN lli']ﬂ']gﬂ llﬂ']ﬂ'l']llﬂ]{ﬂ')qmiau

1 figragamgilunisldaunnie wazliauadosmauiougs sgnlsinudmutods

9 Y

e

(%
YY)

YINTIUAD Un1saemauoun fatuiadinsiaunieiiudssdniamlunisaiewm
auou lnemawsenlnluwaugan Sendinisieusalgiadu (Encapsulation) deLfindiug

R luN1saNEWmAINLSaU

Paraffin core
Polymer shell

] [ Y v I3 14
ATNN 2.2 ﬁﬂ‘HﬂJ%LLﬂﬂ%ﬁﬁﬁM?ﬁﬂLﬂUﬂ’l’]Mi@U

2.1.2.1  nauws1ilu (Paraffin)
w1517 (Paraffin waxes) tuaisUsznovvesngozdanifn
lalasa1suounazdalau L3Y pannglantAY (Octadecane; CigHsg) WATLENTLLANLAY
(Hexadecane; CysHsqe) laseasamaaiilaeilume CH,, . » H9avasuivaiuasaAInusau
wHaAELLTURLANE VA slgASUBL W URslaSuAu e dusgraunnlunisidau
Wesnyreumgiilunisnasuivaiiazgamailunsiiandnitreudnaning uasiloumngiily
a . . = I a I a 14 1 a [y '
NSRBUWMAINGS (High heat of fusion) danululinsseduindeu iiAan1sinnseu $1A7

a0 o

gn waziaufAserednsndn waegrelsiain wisrfluazliannisihanufeusueunly
aaa =

Niagiinsasuklailsinasvesasidanalgisen iewmniinsidsuwdasignings [79]

AILAAILUANTIN 2.3
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M1919% 2.3 gauniilunIvasumaILALAIANTEULHIYRIAINENNITIY [50, 80]

Po gosiedl  eamgiilumsvieeumal °0)  AAuTausa (KI/Kg)
TaLAnLAY CyoHos -12.0 216.0
Insimnau CysHog -6.0 n.a.
NTELANLAY CiqH30 55 231.0
INUAZLANLAY Cy5Hs, 10.0 207.0
LINVLLANLAY CigHsa 18.2 238.0
lUnzANLAU Cy7H36 22.0 215.0
DONAZLANLAY CigHag 28.2 245.0
TR ANLAY CyoHao 31.9 222.0
dlau CooHar 37.0 247.0
wululawy CpiHaa 41.0 215.0
Tolawy CooHas 44.0 249.0
Taslawu CpsHag 47.0 234.0
SR EEAGIGAY) CoaHso 51.0 255.0
ALY CysHs, 54.0 238.0
GRLEAGIED CosHeq 56.0 257.0
GG CpHsg 59.0 236.0
DONALLALYU CpgHsg 61.0 255.0
Tuwlau CooHeo 64.0 240.0
lnsezmouy CsoHey 65.0 252.0
LFUNTABULYY CaiHea 68.0 242.0
1alnsARILNY CaHes 70.0 170.0
laslnsmoulgu CasHeg 71.0 189.0
wnselnsaoulyy CsqHro 75.9 269.0
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2.1.2.2 asildflnisiiu (Non-paraffin)

arstunguillaun nsnludu weanesed lnarea wazieames \uans

IS LY

nanusagevaangliiedlusssun® Fedagiuanuseulunquiazdiaudfisganiza Jasng

=i wa 2

(Y P a Ao w ' & o aa
nTagmdunisiilui audindrfyvesngui fe gunginldlunisnasuinaigs
i o % a6 a 5 o § v a P = £ o ]
wiA1n15dIAuseunan Jganuldainliaunsasaluliine dgnslunisiansou

fieuluiivge Seldfenthluldou dwanddunised 2.4

A13e7 2.4 gaumgillunisvaesvaiwazauseuwsivesansngunldlinisitu (40]

Jo gnsiail gaunillunisvaeumad ANANTOULRA
(°Q) (KJ/Kg)

losiefaulnanea CeH1404 7.0 247.0
nsaNasHn CH,0, 7.8 247
nsaAlnsdn CgH1¢O; 16.3 149
loiadananlen C,HOS 16.5 85.7
GRS R C3Hg0;5 17.9 198.7
UniaaifieLse CyHaaO, 19.0 140.0
Ihilaafasn CooH350; 27.0-29.0 122.0
Tulpsuunniau C,oH,NO, 56.7 103
wean-raslsosd@n

) C,H;0,CL 61.2 130
Lo
nsnlnaladn C,HqO5 63 109
Ws1-lusluiuea C¢HsBrO 63.5 86
NIAATIN C1oH20; 32.0 152.7
Wuea CeHgO 41 120
LFURLLANAILUY Cy7H50 41 201
loenlun CN, 44 209
Wiiaslagiiung C1Has0, a5 230
W151-lagdau C;HoN 43.3 167
nsalalasduniin CoH100; 48 118
Wwhaueanages CyH30 49.3 141
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M15197 2.4 (o)

o gnsiadl gauniilunisviaesumad ANAILTDULRS

(°O) (KJ/Kg)
woan-lwUiaandiy C1oHoN 50 93
WAL CyoHig 50 238
pols-lulnserdau CHeNLO, 50 93
nuea CioH140 51.5 115
LUTIALULLUN Cy3HasO, 52 234
loAfaanilu CyHyN 52.9 107
ws-lapaslsiuudu CeHaCl 53.1 121
pols-lwaulnnaalsn CgHgCly 55 121
nsnAanlsaLTAN C,H5ClO, 56 130

WeasnFaquivaiudeuainisaganazaisainuieuladalundeuirluldeau

lugpamnssy #19eu anamvinssuneasne [81, 82] ana1vnssuawal83, 84] laenisiAdou

wodiosualgaasuudn Jaasvinligaulasdniduluneunaiaiu uazevgulunaunaisdu

Wusu
< o a [ < ¥
2.1.3 mMadusigeeinvesianiuaiuseu

[ $Z

A5 EUAIT98IA ABNISTNANSIUAINTAAANAN bR UMATU NALAYLLANT

9 Y
' '
o 1 a =

auUnNIAINQUNYIUNG

9 Y

P a <
sannsanuusingmisallaluiioansiiniduneaidnquaznszany
aglui lneundnsiiandnazifiaruiliedeanioamsiianisuuideunigluyiminnEuay

n3iaNEN (Nuclei) wdINENALUNVEIEBDNIINYATUAY [54, 85, 86] druansiluneniane

1Y

vsegniuegnsluualya arsazgnitdnveulwaliuauas yilvusunuasivuleuegnigly

wiagaun1Auaneaiu Ineuteunirvsliansiuleudiamieniiiiandnls diueyniaily

1%
L3

= dy a % a
fn1sUullouvesaisaziinnisasiatialed

a a =

YU 13YNI WHANANLUULENNUS Felilimnuwanes
= a I3 a A a o a a & .
Wesanndaladvesarsiiauiniitanuinuasiandssudassivd (Gibbs free energy) GR

danalvinisiiandndinitgamginisiiananund
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2.2 WOALDALLANAN LA

v ¢ =

wadnesimelunarafniinuaudiiaulunisussaaisvsendndudl Fanatasn

dluglaunanenavnssullasiedl waradnursvdaaiunsaduvyuisulddlauas

[ '
Y A

vsgtaldaunsaldgnlaiosanliaarsdifanedyninisdauinden ludagiu

= PN

wodusawanfn wodadunediwesnisdiinmilauiainnisinuisen wedweslsiwdunes
a = < R o A aa g ) 13 1 [
nsauanda (@uduarsilaannisudniendutiwaziianiadussAlsenau wu udsdnlng
wazudedudlends) Gansneansivartannsoasetuuimaunulsd nedusalandn Lodn
[d a a =~ o X 1 1 a X . .
Jumeslunanafnydanisnansotugulalaenszuiunisnie wun1s@avugy (Injection-
molding) N138A3A (Extrusion) N1353U3UN14AUTOU (Thermoforming) wagn13tUnTusy
(Blow molding) Judu uenainilnedusawanin wedaiietrluilsnavazldinanlunisdes
P b I a ¢ a & a n’lj 1 a 1Y [~ a < a
ganeviduninnedmeinaly nedwessidalazdivannisiiavezlauin luluiv waziduling
fudwandsudsdonthunldiduussgdudiifianawnunedwasnalafinnisUlnsiadl [87]
1995UBINRALDALANAN WoTn ISuAwALeUBesUFsuTunedwesuaznsaanadndulu

muama%ﬁm%’mamé’qgﬂﬁ 2.3

Lactic acid Polyacetic acid Oligomer
2 0
HO dehydration o
ot/ L=a— -+ H H
0
CH3 CH; n
degradation ‘ ’ Thermal cracking
Q : , HaC._-O~_0
o\/K R < Ring- opening ]: :’[
R o <
CH, n Polymerization 0 0 CH3
Poly lactic acid (PLA) Lactide

AN 2.3 9TVDINTALAARN WAL NOALANAN LOTA
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221 1AS9E519UDINDALDALANAN TR

[

NOFURALAAANKETAAIUITAFIATILVVUIINGTTUVIANAINITONY U Y

naunula Inglaarnnsadanlensend (Q-Hydroxy acids) Fsiinulggogvnineduoalanin

wedn Ao NIaLaARn J¥eniueil As 2-lansend Insiilediaueda (2-Hydroxy propionic acid)

U a

nsauananwuadu2edandulolesuasiu Ao wuud (D) wazwoa (L) WanininIng 2.4 dadu

I IS IS

Suuudlewwed (Enantiomer) fisafu Ao slgnsiafinfloufuuiinisdniFosilimioudy
fiauaesladauas (Optical active) luwindunazdaszurunasinanlsd (Polarized- light)
Tunrmganenu TusssusAdrulngnunuunea (L) SLuudiuesninndl wazwuaisusznou
Usztan fily (Meso compound) #38a8INaNsEnINLeaLasAlolwwes 13un1198INaNsIdn
(Wouunudne DL) delsifland@taszuruuadnanlsd (Optically inactive) Tutlagtiuniswan

nsALANANeIRYNTZUIUNISUITNIDUREN Lagn1sduATIzveiun1siAaLanlng (Lactide)

WHudurss
I &
C'II \\‘C
H—\/OH HOUY ™

C,OH HC,O
a ] a a a
AN 2.4 IﬂiﬂﬂﬁqﬂsﬂaﬂﬂﬁﬂﬂLLaﬁWﬂLLa%LL@aLLaﬂmﬂ

2.2.2 auURUInedloaLanfnLagdn

noduoauaARnuedn dauuduusiy ddnvmuela denasdrsuinne
auUALTINg @audfAn19AINToU way auUANITAIUNITTUNIUYOILAALALUDILUAND
(Barrier properties) [89] wedunauaninuedniildndiunsdiuesiiuealolsmoiifiuiu
$pvar10 vxfiwuildudunediuestmdn (Semi crystalline polymen) Tuvaieiinediuesnd
ilelouoslusafussnauiiiudu fuwrldsdunediuesedagiu (Amorphous polymer)
uena1nil guunNiin1InasuLal (Melting temperature; T,,) qmmﬂﬁmsmﬁauwaaamuz
AAMEL3 (Glass transition temperature; T,) wazszauanulundnduuliuanamiudadiu
vosuealeluweifianasiie dadruvadlelawesiivandefuluaslgneduesunazarsly
wdsnarilinedusananinuedaiidaamegituaniauifivainvats Feanansaduugaldmy

A11ABIN15 wonntuUTuIaAulundnvesnedusauanfinwadn Gevuegiu
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U [ o a 4 A @ Y] 1 3 . = I3 =

3n3IN13 U Inenedimesviasy MH1UN5EUR1081953AL57 (Quenching) avAulundn

aturaizAineduaniin wedin vasufiniunisdu degedn sxlivsinanudundngandn
2.2.2.1 auUAin1aN1enInLaEn1ana [90]

wedueauaninuedaiaituasgu (Stiffness) TAuUds udlusIzaN

IS LA

waz $AUuDaws (Strength) 89 ot luriunishsiia (Oriented) aziinaautflndifasiu

9
&

wodlaNaumsHnLn uafndnedalasuiniun1shidansasuegdalBuduy Lazusein

a1 1

(Tensile- and flexural moduli) Yenediealanfn LegailA1ganIINedeRauAIIUNUILIY

a

g4 (High density PE; HDPE) usifladnumusiauwsanszunn (Impact- strength) Uagn1sgniiyn
uwanwn (Elongation at break) sninmedwesedindu q [91]
2.2.2.2 audinisazany

(I VI V] 1

miazmaﬁuaawa%LLaﬂﬁﬂLLa%mnguag AudndiuvesesAusenaulu
aelanodiues wazanulundn (Degree of arystallinity) weduaninuednazliazaiein
weanoged LLa%ﬂiUi%ﬂ@UlﬁIﬂiﬂﬂ%U@uﬁlﬁﬁ%yjLmu‘ﬁ' WU LU (Hexane) 130 Laulnu
(Heptane) fviazanedideulddrulvg) leun dviazaredunidngy raesiumanuas
Waeesiunian (Chlorinated or fluorinated organic solvents) lapanigu (Dioxane) Wag
Wi (Furane) 1ud[92]
2.2.2.3 g@uiRn1sATUNISTUNIUYBINNBUALVBIAAI[89]
NISATUNTTUAIUYDINTUAZ VDI NAIVOINDALANANLETA AL
dduiulndidesiuneawediild Wy wedalssu wedteiaumsinian Wuduuasiidinis
Funuvesuialulnsiafisnnit uenainiinedusauanin wedadiiAlunisunskiiuyosnay
foeuazn1STURNLVDIVBIMAIFN
2.2.2.4 @uUANI9ANToY
wodwaninuednaiguugilunisivdsuaniugadioui (T, uas
gaumgilunisnasuimal (Tm) Asudrsgenimeslunanaininuinly gumgiilunisdey
antuzadtsuiafiantuegiu diudnluanaveswefinesuagdnardiuszndnei-uoa
suuudloweslnenuingumgd Tumadsuaniugedieuiiuultudstumuniniinluana

YINBFT NMIWanLeadwuuTlawesittuAdwuuTlale T lvgamilun1siudeuanug

AANELNINAIANAIAY LLDDATIAIUTLIINDADLUUTLOLIDST haZADLUUTIBLLDSINALAsY AU
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X | ') ! ' I ad P a' v Y v
UINVY LBU DAT1EIU Sereeananllu 50:50 QmMQﬂUﬂ’]iLﬂaﬂuamummﬂLLmﬁ,JLLuﬂuaJ

AAsNINNAn[93]

LiD 120:0

.
- |
LD o108

LD F0:20

ail 2.5 gumgiinisidguaniuzaigumveInedLaaLanAnieanldnd1uveuen

lolgiosuazumtinluianasing 9 [93]

2225 ANSUDYRANYVDINDRLDALAARN LLOTA

NoAkanARNwITAaILsngasaa8lan1sTInmluanzasulnailae

—9

FRaunniin 60 pergaldea wadzligasaalgiileguuaiinldninit 60 ssanaaided

ANsgegaaelAgLAANIUNTEUIUNISLELAS tadd NNUSZLeAWBsURINDALLaS lAa el
a '3 @ Yy 1 [ 6 a a a < %,’ a

wodesgndnlviguatiarazgneesaaiuse lastoulvudeqiuysy Waludr adinin was

whaansuaulaeanlen [94]

a

2.22.6 manldlguseleviiveanaduaananin wade [95, 96]
a a a & a an 1% ) o wa
woduoauanin wedalunarafnfgevaarslinis@inmndauds
NeANUTBULAEN1NAge AsgULAR dadumumiusieiayd uenaniy wedleauanin Ledn
< a sala va o v ! 1 1% 1% 1
Junedwesnilaudivarnvaty aunsathlulduszloniluanuningg sgraninens laun

(1) dunsunng  wodusawaafnuedalunedwesiaunsagn

=2

anduldlasszuulusieneuasdianunsadriuieigelusianisuyud inlvinedueauanin
a a o Y < « IS & ! < 1Y a L3 !
wedngnileuihanldidunTadonianisunmd W lnuduuna JanUauna gunsalilslusieniey
e o L o & ! o dl o ¥ 1 =
TandmSuiimvieaivgunisvanddesdienlunalgasn Tussegiannivualaeeiil

UZANTA N
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[y )

(2) eunwasnssy teedulngldluandwiureruansaneguay

HgUanUdosansidu enguuas e1enivity vsedumutiessesiiainisidan

'
(%

(3)  auussaiaet legdnlvglddwiuussdueiussyianau enms
ih Wudu vieduussturidssnmmanadniily

(4)  snuwsuruuulineuasidule (Non-woven) Wy wiinsiue
owsievie Mdoudiasy HediaTesody uandulefiussgnieluedosusy

(5) FugRAMNTINEIULUS U QUNTAINTILAALIINTTUNA Wiy
dmsusesity wargunsaifimnussanelugiugus

6.) euddnnseding i 1 HuTud1uUTENAUVIABURADS LHNUTH

LaLTuaIUUTENAUINTANA

2.3 wlﬂﬁﬂmitaul,mﬂﬁta%’u (Encapsulation technique)

walianisieusalgatulunisveruianiedosiunmsdudaindaandaunieusn
YIuNUNEanNITaANEMLaENISEAN N SIuTImUANUTINaNsUanUdeEans Tannlivy

drulngiduiandmnnediwessssufvsenedwesdunsisilusgivdnvauzniuaiiuas

yauszasalunisi g Fusendndden (Shel) uazilarsununaisfigniju (Core)

(%
o |

MaaasdIuTINATeNIT kAYYA (capsule) Unandluasivuinnuslulasiuns (Micrometer)
89 urluuns (Nanometer) N untgnainnssuendiuluglald lulasiouwadgiatu
(Microencapsulation) Tun1suansiiluansesngnsiiieniuaunisuandassansluszesiiand
o IS a a a 2 1 1 = 1 Y a ‘3 IS o
AvuakazUsednsnmi uwlidnianasiiuunuiu weluladlng qlaiaduwazinisuinig
wukAlgatuulglunuA1998819n3792979 LU NISINEAT B111T LASEIAIR1NAE F9N0
Inglulpsualgassiniuaisvesdaiseveanalinigluiielesiudvnasndawindeu [97]
lnsdrulngildenvesalyadosdiaiuudusinazlivinugiseduansiigniu anvazves
waUgatuegivaudRveuldenuasinu Snvariadgadzauisanleents 3 wuulvgq fe
funuLAel (Core - shell) nargunu (Multicore) warnsyangegluiufen (Matrix type)
N = = a a a va A @
FeuaUganuuwnuiglvsdvssdnsamnisaivauaisnegnielulafnan [98] dnvazves
wAUgadzAesAdefiavuinvetoynia wagadua u1salun1sTudIuUdane uny

ANMULTILIATINARAZNUABLIINTEIAIBUDN AUMUTBLUGeNABRINTUR Mg TNEUBN
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wagnusedinazay AmuannsUdsuaniuzagluwaugalanasniinl n1smssunediues

welgaausawdeentaiuzusznanlng e nanenmuazniwad

2.3.1 wAlaN19n3eunadiuoTLAUgalagNTEUINNNNIEA TN

2.3.1.1 wAlANToULAILUUN DY

al

Wumadianlsiildsuaruiounduegrauinlugnaimnssunisny

Y A

= Ay v & & o o Yo o 1
aunsawseulalagnavasisesnsesuiuansiedeulmdutloweinulagldiiiagaisli
Wzan NUULYLAToYIULAILUUNUR By (Spray drying) 2n@15H UNIWINY (Atomizer)
nasntusEmeddiazatelagldaunieuauniiuseann 100-160 sarigaiges [99-101]
asidesnsiurzedngluilieniiuasiadeulaeniseuwiuvadaildiuegaunsvansly

a o w Y v | = v
n1swandrunauitaislulasuavya dnwazniseunianusingdiulugfenissunieas
o a e~ | - | U ¥ a o e v & I3 &
Andunisiisausaiulueiomiuazens Aslundnduandaialuiluveands 10-20% ayniall

szgniibiuiaiieliiasaduluniessuwiauwuy fluid-bed duanslunimi 2.6 Fdldaamaiion

AMANNTUNNTOUWIAI[102]

coating solution

inlet air flow

awi 2.6 weliansiuiasuunudeglagldmeiiavigdnladiun [103]
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2.3.1.2 wAllnNIseinefIinazans (solvent evaporation)
& a =% &y vo a & ' - &
Jumallanilalasuanulisnduegnwnnlugaanssuiiesnindu
WRaursavirlairguazdaunulunisudadt arunsawseulalaginaisideanisvy

nazarslumyinazatswaznanlmduitiadedfutunedwesiaglddlivinazateMnuizay

1%
o

waunlunszaedlutudRlnsHaNaNsanLSIRIR nantu lUdueS sueaLazYinnIg

'
=

szmeiinavaigeen wedwesnlmureulunninvzindeuieenunduldenuasiuansi

Y a a a

aean15l3n1elu[100] 19y n1sineunavganedueauanfinuadaviuin1dud [104]
MNINT 2.7 wazdreenisiinediuesualgaiuuialnaifesiy In1snsangiinuay uag
flaunfidnas arursavinlalagnisimssunenalsduniguuunauigainniugivinaila

L o U Idl
ANTTILLRYFINIDEAY ANATWN 2.8

Vitamin E

PLLA+ Vitamin E
+ Solvent

Homogenizer Solvent
Pitkhase 500 rpm/ min .
S o Evaporation o) o)
A Solution o
) O o

o a a a a Y aa v o
ANN 2.7 ﬂ']iW]ilelW@aLL@@LLaﬂmﬂLL@G(W’]LLﬂﬂfga@’Jﬂ'ﬂﬁﬂqiiﬁL‘VIEJG]'JVI']aSa'WEJ [104]
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Surfactant
solution

polymer + Surfactant
+ Solvent

i olymer microbeads
Qil Phase : Polymer + solvent + surfactant e T P

Water Phase : SDS + water

A 2.8 MswTeunedwesialyalagn1TnENeAaTIUNIERUUNTUI)AAAIUATU

WANANISTZLREFIYINAaTANY

2.3.2 nallansinsgunedwesuaugalngnssuiumanadl

2.3.2.1 weallawisunedweiualgalagnisanaznaumeaisiad

Wwwmadanldluniswisnuadgalaeinediwesuazdiuiniu

Y

a1sgnviudesiiadniulan uagliaiuisaazargluigaiedeiiios Geaunsamisuwalya

a

AIUNANANI 2 35AD N1SANALNBUBENIIIEAITATSLANLAENITANALNBULTIYBU NITLNA
a 6 = :.; & a a a6 ¥ a & o 3 a
wodlasuaUYall 3 Yunoume IiAveAaTBUYSE Laiaden nasantuinnisLenuAUYa
99NNATALAY NIADIIDULANANNAUADAINNALNDULUUINEAATSIATLLAANDALLDS
waUgaafinsasuuuasesszuy wadwdunsanaznowdadouazsiinnediuesuauya

Wiafian1sasuwdasvesszgdloUsuaanudunsnuasaia105]
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2.3.2.2 wellawseunedilesuaugalaozivelidu
HumedafiAnannsuandivessgnedmesfifinuuansiaiy
AoUszauinuasUszgaundsantuasiinnissaudfulasusmisiniiadn (Electrostatic
interaction) f3n wuansdl 2.9 lasnisienansiidesnsiulineluunazarelhdude

= v} a fd‘ Y @ = ¥ o v 1 < <@ 1 [
WEINUNBADSNET TUUADN waaviIN15USUAIAMULTUNTAUAI9UD9815aaY BIRENS

v =] oSLHJ a

Wiunde vsevinsiudsuwasaunginld Wevinlvnefwesliiinnisazate ndainiy

Y

1%
=

wedwesinanissiumiuLdvafouiiiiossuinzivsnanuiivesasigniuwaznaiedu
Wienvesuauea walgaiilaaiulngjsiivuinvetoynianaws 30 G 800 lulasiuns [99, 106-

109]

vodwaininszauinuay
yedawaiiin jzvay JUAUATY elecuostatic interaction

Mononuclear core

LV

O
— m)p OpO
wasuminnm O O

Wunsama

ANA 2.9 ﬂWiL@%EJlIWE]aLBJEJ%LLF]‘U"ZJ@I@EJLVlﬁﬁﬂIﬂEJSL"’UEJL'J%Iu [110]

2.3.2.3 wallawisunediweiuavgalaenalnnisuenigninniely
& = a ¢ Ay 19 vo o a ¢
WunisiwIsunedinesuadganlalddivitazaredunsd lunis

o ¢ I3 & o A o a a6 Y s A
guATzruupInUTEnauLULUU 2 jaﬂflﬂ ) ’ngﬂaﬂmw 2UTLNOUAIYUDUBLUDST a1

L4 1%

U aa aaa [ & a L o Y [ ! =
ABDINTTNRULAS G]’JiLill‘U{]ﬂiEﬂ aratelduluaneInu ‘Lﬂl‘Uﬂig’cmEJG]’JIU’JJ’]JYW‘W]EJLUEN

q

'
= a 1 o

FalnsHaNaITanLSIReRI98 in1stumednsusimungay vinlilevesuauailasinszane

Y

meglutuihlagaisanussisiiasimindeuseuveateusiieslilisiuiiiu ndsaniusi

a

n1sduaszilagliaungll (nsdindassuujinenluviianliniuion) Weusuewes
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a

doatelduazilisuidunediuesd arsiigniudunediuesasiiainudiduiianas
A I (g

binedwesiinnisindeuiiosnunnieusnilulonveawalya nenediuesaziuiuinidn

1 [ '
YR 1 v [ I

Wvndkagriueunividesnindmasigniil aenini 2.10 nsnssumemailaiines

9

AN SIRIRI T2 IR NULN LAENATLSIAINIVBINE AU NULNIAISIANLBENITALS

AeivesEsgniuiuY nssvIunsduessvidngdenld Ao nszuiunsduasiziiuy

LYIUADY
Polymer capsule
Monomer droplets
CovEl VR
Too itop
DVB+OD+BPO / /
Hum\’.'_a-zcmr/:qj O O 10°CR24 '""?'I‘- @ @ @
- - i r—(,
- g X O O 51;-”“':' rate @ @ @
’_ ' O 200 rpm
I‘\P:’:s\oliuo)n Q O @ @

o = a ¢ % 9 ¢ a s %
AN 2.10 ﬂ'ﬁLWﬁEJllWE]aL@JE]ﬁLLﬂUﬁaﬂ’Jﬂﬂi%UUUﬂﬂlﬁﬁﬂLﬂi']%ﬁW@aLllaiLLUULLGU’Jua@EJIﬂEJGLSU

nalnnmswenignianieglu [70]

2324 mswisunedmeiualyalagnszuiunsdunseiisosesning
Tunmawieaumediesuatyademedaianmsouudldifu 2 Ussnm
A9 N1TANLATIZILUUAIULUYL (Condensation polymerization) d4LA51¥#A8NTITNOUBINOS
aowinlnswlausnduneusmeiiibiveuinvaraedudefeafuasiigniuuaznszaned
ofluigniaseiiles uaniRuneuawesfiveutmieutufusaujisenasly udmintuionis
nodwelneduiisesdoseninsueusiaivivansda 111, 112] Aadudenvemediues

) 1%

wadganviuansigninlinigluy drunsduaeikuuiiansio MIduasEibuududy (In situ

9 Y 9

3

polymerization) Fan1sdaiasiziiianuisanvseontfuaosdiu ludunounwsnviinis
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o ¢ A ) S v a s a' ° v & = & =
duasziansniluansasaunadiues (Prepolymer) Maziunldiduildon waztunounpe
wisnansnaesnisiulinnelulimluneanaznszarediedludiinanalsanusafaiy

LAItINSERIE UL NANAUTINAY A15AFUNORNBSINUTERUINLARBUAN WL INURI VRS

asTigneiu fanmil 2,11 [113]

NH, NHCH,OH N(CH,OH),
NN i ‘|:I) NaOH o NS + m N N
I A vt T >
HNT N7 TNH, HOH,CHN” N7 “NHCH,0H  (HOH,C),N” N “N(CH,0H),

M-F prepolymer

pH=3~5

hydrophilic group
hydrophobic chain

Q + —

n-Octadecanc droplet Emulsifier

Micelle Microcapsule

awil 2.11 mamseauaugalasldnalnnisnedwelsiduseninsessenialagnis

a

AUATIETRUUBUTN[113]

Y
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] a 4 (3
2.4 muweduesualgalulssend
wodweiuavgadiulngleuldlugnavnssy Wy gnaIvnIsueT enaImnIsuaIme
M300AAIMNITTUNITN AT LTBIa1naINIsaAIUANUSINAMAENTUanUAREDIATS
wnunanelieg1aivsednsnmuazundesdvanaaindwndeuls vilinuaudfsisquosansiy
NansUaeguLUa
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arsinegaslundniuaniy mﬂivmﬂmmﬂmaﬂﬂﬂ Wy Useiuuuag [120] tuaduven[121]
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wAnfausidmedudel115] TneiuaUgaluimdeuasuudi nethdluduasluansuviuassves
LLmlegaﬁﬁmiL%aw%maﬁﬁmamsmawamgjmaﬂizmumiﬁmqLﬁiu Padding Spraying
Impregnation #3© Screen printing[83, 122]

wodlesuauyadiviutangiuanudeutiuinduiideunagldsunnualesgreannly
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N5 U e vN 19 UENEINTTUAN O UNINANE LU AMUNAIU[123] Noad1a[119]
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USunagals3, 127] aneudduiiiuninuiinisidenldiufennediwesviiafveuun
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UNN3

NI LU
3.1 asadinazaunsal
3.1.1 aisall
A15197l 3.1 a@siadl
asad LA ae
1. WoRLDA-LAARNLITA Analytical Reagent B.C. Polymer
(Poly(l-lactic) acid; PLLA) marketing

2. sUwesu 27
(Rubitherm 27; RT27)

3. DONAZLANLAY
(Octadecane; OD)

4. paslinesu
(Chloroform; CHCL3)

5. wedlillauvanages
(Polyvinyl alcohol)

6. 2-lwwuea
(2-Popanol)

7. wiau lnamea
(Ethylene glycol; EG)

8. wulwdallesoanlyn
(Benzoy!l peroxide; BPO)

9. wmesan woulalase

(methacrylic anhydride; MAA)

Commoncial grade

Purity 99%

Purity 99.9%

Analytical Reagent

Analytical Reagent

Purity 99.5%

Analytical reagent

Purity 94%

Rubitherm phase

change material

Sigma Aldrich

RCL Labscan

Sigma aldrich

RCL Labscan

Loba chemie Pvt

Sigma aldrich

Sigma aldrich




A1519% 3.1 (510)

GREIGEY

kNI

g0

10.

11.

12.

14.

15.

16.

17.

18.

19.

20.

TanulanATa Faws
(Sodium dodecyl sulfate; SDS)

Ultrapure

WUNUDA Analytical reagent

(methanol)

lefiau lnarea lawyasian Purity 98%
(Ethylene glycol dimethyl acrylate;

EGDMA)

1adn woulalase
(Maleic anhydride; MAH)

Purity 98%

sUwesu 58 Commercial grade

(Rubitherm 58; RT58)

WARLUYNASLAN

(Methyl methacrylic acid; MMA)

Purity 99%

Inadfaun1Asan wadn

(Glycidyl methacrylic acid; GMA)

Purity 97%

Indefiau lnamea lneasian Purity 99%

(Poly (Ethylene glycol diacrylate;

PEGDA))

EAIAA Tester
(AV Acrylic)

Aavlsnasy Purity 99.9%

Chloroform-d

USB corporation
Cleveland

Fisher scientific UK

Merck

Merck

Rubitherm phase

Change material

Sigma aldrich

Sigma aldrich

Sigma aldrich

UAC Advance

Polymer & Chemical

Sigma aldrich
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3.1.2 gunsaliaziAIadile

M19199 3.2 gunsnluaziATeile

¢ A A a
Q‘Uﬂimuﬁ%lﬂiaﬂﬂ@ Eu g1ie

1. ndesanssmiuuldias SK-100EB Seek

(Optical microscopy; OM)

2. NADIaNSIAIBIANATOULUUABINTIA JSM 6510 JEOL

(Scanning electron microscopy; SEM)

3. flwlelsudeaaunuilauransimes DSC 4000 Perkin Elmer

(Differential scanning calorimetry; DSC)

4. WaslunsIIUNInazun e es TGA 4000 Perkin Elmer

(Thermogravimetric analysis; TGA)

b
e

augRINA DZF-6051 DZF

(Vacumm Oven)

6. wawmeiiedulasulnnsm Water 2414 Water

(Gel permeation chomatograph; GPC)

7. WiensudnesuduriseaUninsinlaiines NEXUS 470 Nexas
(Fourier Transform Infrared Spectrometer;
FTIR)

8. Uumass wuniuAnLslaluug aunlnsilnes INM-ECZR JEOL
(Nuclear Magnetic Resonance Spectrometer;

NMR)
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3.2 WHUNI9IUIY

Anwinisananalianavesneduoalanin wedin (\NIAN9N15AN)

4

Anwimanseunediweslulasuavyaviueenazinaiay way jUmesy 27

- NIPVIUNMTIEREAIIAazane (Solvent evaporation)

- ATTUIUMTHUATIZALUULIIUADY (Suspension polymerization)

Anwnsiedeudidenediweslulasuauyaiuiannuanuiou

3.3 N1INANaay

3.3.1 Aninsanualuianavameiuaalanin wedn (N3AN9NITA)

Tu%umauﬁazﬁﬂMWﬂWiamuaaIuLaqaﬁumwaﬁuaauaﬂaﬂ waTA (LNTANNITAN
maimaqaﬁ'uéfu 145,000) Argnszulunishnalatlada [74] Wneldaanlunisliiainusay
wansneudl 30 wiiaz 60 Wil Tneldsnsndrussninanodusauanin wodn fe Lefidulna
Aoadl 1:1 lneisuduazaneweduoauaniin uedatuiefidulnaeaudwihlreglussuuayayinie
Immm’hLLﬁﬁiuImwuaﬁuﬁu@m%m‘ﬁuﬁ?ﬂmu 5 sounaziluldaudeudl 175 oamn
wadualunan 60 ufideansazanodrfuudlidunansed 30 unfluas 60 Wit Tudunoud
sglfunaluianavesneduoauanin uedafluansrsiu i3enlnalaladneduoauanin uodn
ntuthwedlesildunazarsdrenaslsreduluan 24 Salumdouduniuil 400 souste

WIinaeAIaT kazdIuInnnzNaumeLInIueaLainliuissedauayyIniAnalnves

ATEUIUNISENalAlad wanIRININT 3.1

(48)



/PLLA+E G

stirred CHCly

—_—
400 rpm/min

é\

PLLA: Poly-L-lactic acid 175 °C 30 min, 60 min
EG : Ethylene glycol
CHCl;: Chloroform

Mwi 3.1 nalnnisananaliianavesnedieananin wadn Menszuiunisinalalads

Methanol

33.2 Anvinswisunedweslulasuaugaviuesnasinanulazsivesy 27

33.2.1 nswssunedwesiulaswalyaiuianiuaudousianssuiunis

SYMEAYINAYaY

I <1 Y] a i a £
lutupeuilagldnnsmuniniuuiansas Aveennziaaad (OD) lun1sinsey
waUgaieandymuasnatinfssluseninsianeimuizay lnsludunauilagyiings
WS UUABNTLUIUNTTELMEFIYINazaNe tngltneaduaakaniin wadn wazlnalaladwedwea -
wanfin wedaulaluananieg uazatslupaslsnesunaznauiveanaznaay Tudnsdiu
< [ ) a a & g I~ [ | A
50:50 WJudnniAnszane was Uinedlidaweanegeduiavarsluiniuigaiadaiiio

(WodhlakeanaaaanNULTNTY 1%wt) 91NUULNN9EeEILLIKaNNY ket lUdumSeuien

'
a

71 5000 seusiau T Wwan 5 wadl ndsarndutdiunduil 400 seusieunil ieszinedn
azargeeniuiian 24 Gi'i’a‘[uqLLasﬁﬂl‘uﬂiaw‘iﬂﬁuﬁqﬁ’sEJﬂﬁiaulug’fauqﬁgimﬂmlﬂunm
24§l agldmodiweslulasuaUgariueenazinaiay nalnuazaninzlunisedsuuansdanin
7l 3.2 waga13797 3.3 Muddu leldanimnzauinaluanavedlnalaladneduea
uanfin wednaziluldlunszuiunsduasizviuuiuiuasy waazldwisiunIaNIINITA

Ao 0mes 27 wnieanusathluldlusyiveanavnssulasely
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----------------------------------------------------------------------------

Homogemzer Solvent [:vaporatlon
5000 rpm/5 min

Oil phase : GPLLA, OD and CHCl;
\ Water phase : PVA 1% /

polymers +
OD + CHCL;

. o~

PVA solution

R e e e W

em——— -

_________________________________________________________________

lﬂl a a 4 LY =3 ¥ ¥ £
AN 3.2 ﬂalﬂmimsﬁmwaamaﬂmimLmﬂggawmaﬂmummsau lagldnseurunsseines

yNazay

a = a Y v [ o/
f1919N 3.3 ﬁﬂ’]’J%sLUﬂqimiﬁllIWE]aLM@ﬂMIﬂiLLﬂU"gaﬁﬂﬂﬂ@LﬂUﬂ’J']lIi@u 1AUNITZUIUNITIZLNE

mvhazany agldnediueauansn Letanulaluianasiieg

Polymer: Wax (w/w %)

Phase Ingredients (g) 40:60° 50:50%° 60:40°

Oil PLLA 2.00 2.50 3.00
Wax* 3.00 2.50 2.00
CHCl, 20.00 20.00 20.00

Aqueous PVA solution (1 wt %) 45.00 45.00 45.00

mnewe: * ldlnalaladwedueauandn wediniiulaluana 12,000 niu/lua
lglnalaladnedueauaniin wednniulaluana 12,000 wag 28,000 n3u/lua wagld
WORLRALANAN WATA LNTANINTITANTNIALANE 77,000 wag 145,000 n3u/lua

< QONALLAALALESU 40:60, 50:50 Az 60:40 Tuvaizi sUwesu 27 dmsu 50:50
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¥ a (3

3322 mawssunediueslulasuauganuidives 27 arenseuiunis

9 Y

AUATIEALUULVIURDY

(1) nswlsulnalaladwedloawanin wadalidnussanUataanela

Y

= PN 3 v o & a s o & v o ¢
LW@LWNF’]'J’]@JLLGU\TLLi\ﬂ'Viﬂ‘UL‘Ua@ﬂwaﬁLN@i‘UWL‘UUW@QﬁQLﬂﬁWS‘W

(%
[VRY)

wodlosweNsuatuuanglgvadlnalalad nedueauanin wedaniunalnoyyadase Ay

Tutuusnagyinisuudsumarsasldvadinalaladneduoauanin wodsliiwuszenou
Tneviuisenduiuniasan woulalasa (Methacrylic anhydride; MAAH) Taaunlnalalad-
wodueauanin uedn wazarefuimiaiaa ueulalasd Tigamalifl 150 ssmiwaldoaiy
na1 3 lus wazanazneusiemuea anvneazldaeldlnalaladwodueananin ueda

A 1al | a aaa ] a o PN
WNWUﬁS@JWUﬁWﬂﬂ’]HI% ﬂaiﬂﬂqil’ﬂ@ﬂaﬂﬁﬂqLLagleum@‘Uﬂ']iLmiﬁlllLLa@Q@QﬂWWW 3.3 ey 3.4

ANUAINU

O 0 0
0 OH J 0 0
1o /J\”,l/ \T)lﬁo/\/ ﬁ)\o \ITl/ \’)l‘:(l‘/\/ \(H\
(0] 0]

GPLLA
GPLLA-MAAH
i+ —_— .
/LH/OYJ\ )WOH
0 0 0
MAAH MA

A 3.3 nalnamsiiniuszevedlnalaladwedueauandn we@amiufisenfuwmniaiana

woulalase [74]

(51)



/ GPLLA + MAAH \
(1:2)

4

stirred CHCl,

—

800 r/min

Methanol

150°C for 3 h.

GPLLA ; PLA glycolysate (Mw 12,000)
MAAH ; Methacrylic anhydride

o

AR 3.4 waunnnisieseulnalaladwedweananin wadn WlnusyANUatvanelalag

Y

o aaa g aa L3
usefuwmasanweulalase

4 a s

(2. ﬂ’]’iLGl%lEJlIWE]aLN@ﬂMIﬂiLLﬂ‘UfgaﬂNiULW@ﬁJ 27 ARBNTEUIUNTT

U

HUATILLUULVIURDY

Tudusauilvinnisiiuanundssliduidanveanedweslulas

wagamen1snsdueuaietadly s dunus wean A1suau (O-carbon) lnsenduayya

i
IS

Sasz (ushinen) vlledtafiunndranuuledaesesnles iunalneyyadasy Tunszuiums
FUATILNBUULVIUADY Iﬂwauama%m%ﬁag: 4 %in Ao LUNaLUNIASLaN (MMA),
lnadfaluniasian (GMA)LeRaulnanoa lawuniasian (EGDMA) way twateiau tnarea-
lnozadian (PEGDA) Tassadisuansdisnind 3.5 suduiilnalaladnedueananin uedn
uoueiuef wuledaesoonles (M3EuUFREE) way 3Dmedu 27 nauanslidudodet
senaslswedu lunnanszaeuasiluiduaduigaiadeiiesdsd (asazarenedlaia

weanegeday 1%) Mntwinistuwisumeameusadouds 5000 souseuiduan 5 wid

'
0 awv o a

szlanenvelausmainszateiluigniasellos wasidlatuiwssulaluifuasluviniu
naumglngnes@dlay uavihnisidwialulasiauaduivgaeiniadisduyssuin 5 seu
gavnelvszuunelueglussuugyyinia vinnisduaseilaenisiininuiousigansaiuny

9aunfin 55 ssrnwadeaduiiai2a 4alus azlanedweslulasuaugainiannuainusou
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[%
Y

= = 9 =i Y =
TUADUNIILATHULALENIZALFIUNITNARDY WEAIAIRITIN 3.4 LATLAAIAIAINT 3.6

ANUAIAU

(a) (b)
O O
YI\O/ ﬁ)‘\o/ﬁo
() @
(@] O
O O
%O/\/ VL%O/\%; \H/\
O

AN 3.5 1As9a519n19ATlveauauaLuasNtglun1snsIvfasuuatelgvealnalatad -
WORLOALANAN WaTA: WRAWNIASIAN (a) LnadRawwnn Aswan (b) Llefaulnanea

Tawmesian (o) waz Waehau lnaroa lnozasian

_______________________________________________________________________

-, e o

e r W . AN
I / polymers + Y LY
Co-monomer
x:mﬂrm § %
| Polymer. } ‘\‘

\ \:w

(N X

\ \

N
N\
Homogenizer
Q) FVB N A | XL\
5,000 rpm, 5 min 55°C,24h

PVA solution

Polymer = GPLLA (Mw 12,000)
Co monomer = glycidyl methacrylate (GMA), methyl methacrylate (MMA), ethylene glycol dimethacrylate (EGDMA)
and poly ethylene glycol acrylate (PEGDA)
RT27 = Rubithurm 27
\ BPO = Benzoyl peroxide ’
AN PVA = Polyvinyl alcohol /

_______________________________________________________________________

o e
e i o o o

AN 3.6 wunmNswIEamedweslulasuaugausiinesy 27 (GPLLA-g-monomer/RT27)

PUNTLUIUNTELATIELUULYIUADY
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A = a v a & P ) &
M13719N 3.4 ﬁﬂ']'lzii‘Jﬂ'ﬁWﬁEJﬂJW@aLN@ﬂNIﬂﬁLLﬂU%IaHNEUL‘Vl@ﬁll 27 MIYATLUIUNTAUNATIEN

LUULLIUADY?
GMA: Comonomer
Phase Chemicals
1:1 3:2 4:1

Oil GPLLA (¢) 1.25 1.25 1.50 2.00

Comonomer (g) 1.25°¢ 1.25° 1.00° 0.50°

RT27 (9) - 2.50 2.50 2.50

BPO 0.25 0.25 0.25 0.25

CHA, (9) 10.00 10.00 10.00 10.00
Aqueous PVA solution (1 wt%) (g) 45.00 45.00 45.00 45.00

® Savduszninaedwesiugimesy 27 {u 1:1
b TAuDUBLLDSTILY A WA LWNIASIaN Nadha wWn1AsLan eiaulnamea WWNIAsLan Lay
Indeiiay tnamoa tnazasian

c 5 g YA aa =
N@u@m@ﬁﬂ/ﬂ,%ﬂ@ 1ﬂaﬁmammmmw
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333 nswmdeuinmenedweslulasualgaruianiuaiuiou

lutupeuilag@nwinisindeudnie (Cotton) Mmenedieslulasuaugaiy

a 3

sUwesy 27 Mwssuldlaglinszuiunis Pad- Dry lnevihnisnaunedweslulasuayaiiasey

Y

Tafuansadeu (binder) 92A3aA NORSIAIU 2.5:2 AIAISIA 3.5 1NUU WIENVUIA N9 20

WURAT £17 20 WwuRues Juadtudiadunanvesaugawazansieuitaliuseana 5 uii

[
= =)

YR1AUNEA (Pad) wasitalingaumaiivies ( Dry ) Wunian 24 ilus Fadun1sdauadyalvin

9 Y

v

ur agldrnefioumenefiwesualya rlunaaeuaudiniemiuioulaznsiaganvue

Y & Y
SUQQN’W]LF’]aE]UWFJEJLLﬂUSQa

M13199 3.5 dnsduvesnediuesuaUgadieasiteNdlatu AVAcylic

Ingredients Capsules: AVAcrylic
2.5:2

Capsules (g) 2.50

AVAcrylic (¢) 2.00

Total solution (g) 100

Nty vhnsnwauiRvesidiviinisedeusenedweslulasuaya tng
fruandesaznisindouda (% Add on) #aenisduinfiegte favua 5 3u Falddiuuin
5 WwuRiluns x 5 wuilas ynnsdaivindadegna mntuiinisatauaugasenainiilag
msudiiluih uarldaduauiglunisivgi (Sonication) Usgana 30 unf uagnseuauya
shunsyanunsesifivuingnguindu 0.45 lulaswns shliuislugouauanmeafigaungiivies

dwadganadalalumusunauadgaiivansen dinAmwamiminnedweslulasuadyad

= ¥ ¥ A a v o w
LARBUVUN AL IDHATNAITLAADUNAMIFNNTT 3.4 ey 3.5 fNUa1nU
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Wcapsute, cl@~ [ [\Ncapsule]a - [\Ncapsute]b ] XVS (34)
100

FP8aEN1TARBUARN = (Weapsuie, ¢ / Weapsutein ) X100 (3.5)
e [Weapsuiela 7D mmL%’u%maq‘waéL;Jaﬂaﬂ,mmwgamﬂumimﬁauB’h (Wt%)
[Weapsuiel P® m’mL%’u%’usuaawaaLuaﬂmiﬂiLmﬂsgaﬁmﬁawé’amﬂﬂmﬂaauﬁﬂ (Wt%)
Ve Ag U‘%mmmaqwaﬁLuaﬂﬂmmﬂﬁaﬁiﬁi’ﬂumimﬁau (mU)

1%
I~ o Y a

Weapsute, ¢ D umuﬂwaamaﬂﬂﬂumﬂﬁawLﬂaawum (9
Weapsutejni A1D umuﬂwaaLuaﬂﬂﬂsmﬂﬁawaqmaaum ()
NTUUIENTRS U LA NAZDUANUAINUABNITINANIAIETT AATCC 135-2004 Taedl

gj & o b4 d' & ¥ a ¥ o U ¥ v dl' U 24 o
Tupaufe drindeumenadiuesiulasuaugaud wvinnisdnanameinsesdnia (agsi
AsuiiuEnvadlUlviumdnsuUssunn 2 Alansy) wazaadnwanUseuna 66 NS Taevinnns
deonvnansdnuuuln®@ vinisnaassdnviante 10 91 warAuiuUesidudnuviountya
UUENAIFUNTS
Wodusdmande = [(c — d)/c]x 100
A a H ) P — a v o
\le ¢ fip UmtinvasuaganindeuRnuurnaudn (g)

d A UwitnvasualgaiaFeuRnuurvadn (g)

3.3.4 msvadeuantRvenedwesiulasuauyaiu TaqAvanuseu
334.1 mavmissazuousieiiiudsudunedues (%Conv.)
nsfnwesaynsiineusiuesivasulufunedimesiilalaenisi
feorgiidoundaudituiinimin Sufundmniuhasuruassfndodldvemodiues
lulasuagafidnasieivszana 2 nfu Tdasludie wdrdufindminfuueu dlueud
gaungfl 70 ssrigaidea Wunan 24 $3lus theenuds wdahnduluausde vidraulduwin

YIEIAIN LAIUNTNA AU UAIFUNT
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( Wafter

XW i —(GPLLA+RT 27+BPO+PVA i
Wbefore total,rectpe) ( )reczpe

%Conv. =

x 100

Wm,recipe

[
v a

= = o o o oa A )
b Water AB UTNRUNDUAYUNIRaBDAIIINDU

oY

I v Aa

Wietore A9 UNnUNBIATUNDUDU

oY

1
o/ (3

Wiotal, recipe A8 HIMENTINVBI03AUTENDUNIMUANDUNNTAAATIEN

2

1%

Wi recpe P18 WMTINNBUBLIBSNOUNSTUATIEN

o o =

99AUsENOUIL GPLLA, RT27, BPO way PVA aovwwindldnounisduasizs

3.3.4.2 N15115888¥N15UT5] (%Loading) wazriesarni1svy

(%Encapsulation) vestamnuanudeulunedweslulasunuya
thasuviuaseveamediueslulasuavyaiinieonls Jumied
n31 3000 seUdBU Az AnMsLeNTuTatans wmimtnuemedeslulasuaUgalunraydu
Fewmaiiansdaiminieuilusifiuisiegevaynia uasinlumuiinuesdusznay
Tunavgadiomadaneslunsiuminezunlada Insldaniizgungilunisnaaeud
30-600 asrnaadod Todnsusalunisaunu 10 esrngaidoa/ui angldusserniauia
lulasiau Mnweslunslwrsnezuiladawmeslunnsy a1unsansesasSeeasn15UTIIIN
nsMAans (%L vosTaniuauieulunedmeslulasuatgaiedouldlaiuTouifiouras
snumginmsaaneifuianivanusounlilignii luvngifesazn1sussgnnngud (%L,)
mlFainauns 3.1 neuhardldtsaesunldlunisduamssansannisiuvie fosas

NSVUAENNTT 3.2

WRT27
%Lp = % s o
WRT27+WGPLLA+(WM X fg: v)
%L
WEE = (m) x 100 2

e Weryy P mitinglmesunaudunsies
Wera  AB Umtinlnalalagweduoauanin wodnnouduasizi

[

Wy, Ao UNRNNUDUBLLSNOUFWATITH
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3.3.4.3 nsAnwUTImufeuazgungilunisiudsuaniusves
AR
Tumswdsuanuzvesiagivieuamunsnyimsiiaszivimna
AausouldlunIsnasival (AH,) uwaznisiiauan (AH) wazaamgiilunisvasuivan
(Melting temperature, T,,) hagnsiiauan (7)) maﬂwwsﬂuﬁgﬂﬁ’mﬁulumﬂ%ga%mmi’m
mgwmaliafvwlaisulsaaunuiiauaaesiuniiagldaniggumgiilunisnegey 0-40 a3en
waduasnsnsIlunisaunu 5 esmwaleasewniiniglaussemeaufialulasiau
iy Auamamudeuuddeiminmaiulunsvasuvaiiaznis
\Rendnvastaniunudeuiigniusannis 3.3
A = (B/C) x100 (3.3)
dlo Ao A1 AH, e AH vesw T Fiuluniiegadie 1 nfu vesianfiuaiuiou
Tuuadya (J/g-paraffin)
C fio SouazveInIITiul
B Aa A1 AH, w3 AH v il luniiegase 1 nfu vasuwalgadiagns

(J/g- sample)

33.4.4  wauazUiavemedwesiulasualya

AnwvunauazgussesedimeslilasunugaiinIeldsondes
qanssmididnmsouniingesnsin (Scanning Electron Microscopy) @aidunisgdnuaizgusns
LLazﬁuﬁwaawaaLuaﬂmiﬂsl,mﬂﬁaimé’mmﬁLﬁﬂmau%daammawuﬁmaqﬁaaéwLLaz
Anwinisagviounduresdidnaseudigdiudszulanasanuniugunimwuvaudia Tagi
W@SLuaﬂzﬂ,ﬂ3LLﬂU€gaﬁLm§aﬂﬁmmzmEmul,wimwéhasm (Stub) 91Nt wndoudenea
WowinantRnisaeinesdidnnseuuuiivesiiedis nsinseilaeldidmensd
wingay d1msunisldnaesganssatwuulduas (Optical Microscopy) vinlalagn1snenans
wuaesfiogasuunrualadUsyan 1 ven 3eneiietiindunddndoudulaalas
FsagyhnsnsvasulaglimdwwensfvanzauiieAnundnuazsuing uazdnvaznelues

s a
MEJG]ZJE]‘L!@LllE]’iLLﬁ%W’e]aLllaﬂlliﬂil,l,ﬂﬂggﬁ
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3.3.4.5 WIaluanNaveInaiLaaLandn wadn aAnw1aINN1TinaIenala

waesiiedu lasuilnsns i
msviniinlaenaadslnsiminuaslpedauremeduesi
wissulanmen1sIaAUTIInIN15AIeY (Retention volume,Vy) vesiiagaiisuivasuInggIu
fibmdnlanana 2,500 5,000, 50,000 waz 600,000 n¥uAua laeiansnsgIuLazioEe
wisalsfanududu (ueesglalasyusu 7 1% lathnin) deudadissuurenaaies-
fodu Tesulnsns i@l Tasayldaoduinenars (Phonogel) Aosnedutinoaynsuldaniisdi
Usunsiaegne 20 lulasans natlunisiinsiegs 30 urit snsilnavesinaiainioud
1 finddnssieudt Mamselelnsiusuduigairedoud munugumgivesaeduiiil 40 aemm

wawea wazldmnmatndusianisinimuauas (Refractive index)

33.4.6 Anwlassaiunaaiiarasrusenevveaneiiuesiulasualyaain
watlangiseinsudnesy Bursisnaalnsalal wavinadaduedes uunudnslowuud
awnlnsalad

lunsalveunaliangisesnsudnesudunsusaalalnsalal

aunsandlednslalaensaldiagranduniwiis TuraeNmatadedes wunuAnislowuus

o w 1

awnlnsalal azdidmegauazarglumiizennaslsnesulpedanududulszann 0.1 Tuais
UssluvaoaLi YA 17.5 91, X 5 1. ianwanafinUalisgrauiumun seiuvesansinedng
lunaeauninIsgeusean 3-4 gy, newidrinluszuulagieudygyraiuansuinsgiu Ae
wWnssalyau

3.3.4.7 fnwaudfnisannuseunazauaimnuresianiuauseudio

Y

nelunediueslulasuauya

nsAnwaudAnIsAuSousarAuAmUYesTagIiuAuSou
mglunedweslulasualya memaiafiinesudvaaunuiluaaasunilagnsivigungil
figsnin wazAnirgumagilunisidsuigainvesans Tagagyiinsind1vianaa 50 sou
(@aumgilunismaaey 0-40 asrnwaloadnsnislunisawnu 5 ssmivadoadourfinield
usssmaufalulnsiou) nduriinisiesgivinunmoundslunisvaomman (AH,)
nsiienan (AH.) saumgiilunmasumal (Melting temperature, T,,) wazguuiilun1siia
WEn (7)) Raussouusnaudssoudl 50 ieiUsufisuanuamurestaniivanuiounisly

wodweslulasuayya
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unia

NAN153LaLdAUSIUNE

4.1 nswssanadweslulasualyadlmaiinssmeiavinazany
4.1.1 HAURANALUANANDALEALANFANLETA
wodusauandnuodaidunediuesnaiuisndesaarslaluniadinm
Juiinssodundoy dedomhunllugramnssuingg fauTadenwoduoauaninuadailu
Waenudagiueuseu tngldnaasunssumemaiinssmediiazate lnemsiianedwes
lulasuaugasionalnnisueniganantglunddumsfimesdfylunsiinduuayaie
mnuvilangluneavesansazats mnaeldvesnedwesindeuiilifuazaiunsaluiisessio

sEveIneatuEn I U uILNIN (WeAesiA1uTTILINNIINITIHY) azvinlddnuAU

s fulddudiuunnvseiadunedweslulasuaugaldd lnenisiadouiivesaisly

1%
= 1

wodwesaziusgfuaunilanieslu mawedwesiaimenvesasldiunnsiiaduaziili
arumianeglusniu Ssazinalasnssdeusyansainlunmstniumsiulingluy deuly
nuilefnwmavennaliananodusauaninueda Tasaglifiunaluanasiag lunsdvesna
Tuanasqlsannisansnaluianavesnedusauaniinieda lasldufasealnalaladadina 30
uag 60 uiinudiu nalnansiiaufisetlnalalafanansdanni 4.1 JeFAzenlnalalada
Junisdaneummenvesmelsvesnediues laensliamadeugs Fuinanujisems
aneIatuszninayleanesveanedueanandnuedauazlneeavesiofiulnanea u

nszuIuMTHyleawmasazgniliuaneen wavdsitiunuiimeteiaulnaneadelinguany

Julansenda (-OH) aavheazlalnalaladnedusauanfinuadn



Ho )\’(O o /\/OH
0 0
H0//L\7r/0\\T/JL\O//\\\//O\Tr/i\\O/JL\T//OH
0

Af 4.1 nszuiunshnalalataveswedeawaninuedn [74]

WevhnIaaeULIalulaNaYeInafLeakaNANLeTA Naneu (1NTANNAITAT 2
wialuana) waznasuisenlnalalada (Maa1n195viugisen 30 wag 60 w1l wuindiula

Taana 12,000 28,000 77,000 uay 145,000 n31/lua mudIiy fap1s1e?l 4.1 waznsyanes

a0

vaaaluanailiniuaslifieiied (019 4.2) InensalvesnedieauanfnkonNH1unIs
lnalaladauaziinisnszaredveduianaliuansiaainwedwesisudunaniliiiiuiinig

Inalalagaiiuseansnings

1.2 L

0.8 4

0.6 4-

W(log M)

04 +

0.2 +

1
I
4
log M

AR 4.2 N1sNIEAevRslmTnluanavInadLeakaninwedn (1NIAN19NI1SAN) TNIaluana
145,000 (a) wag 77,000 (b) nsulua wWisuiiesuiu lnalaladneduweawaninwadn

nenunslnalaladalneligaumain 175 esm@eaduiia 30 () way 60 Wil (d)
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4.2 nmsnssunedweslulasuagaiusanasiaainulassimesy 27

4.2.1 nisiwssunedesiulasuavganueanaziaaAuwaznesy 27 aay

NTEUIUNITIZINAINaZANY

Winnedueaaninuedafinaluanasegunlylunisinseuualyamemaiinnis

o o ° a a ¢ ,aa g v ¢

seesiYinarany lagyinnIsmseNrenvasansazatenediues (lsennvinaau) Nkinaalsnesy
< o o 4" o N Ql' 1 = [ a I'4
Wusvinazane@aldusaiaugadl 5000 seudeundl avlanenvesaisazatenediueinsyaiy
luigniadieLilod (PVA 1%) fanni 4.3 nudaislgvesnedueauaniniedanduialuanage
(77,000 way 145,000 nSu/lua) azidnulaenniunaslsWasuNissnnslaALAY TINLAVD S
WoduoawanAnkodn MuesnazAAUITNUAMTIWINNINATEluUREA NEI9INTINITITY
AaplsNasuaslgveIneaLRaLanAnLadnIzinNIswenaandneansenaaulsdy (Wazaedu
A o ' = = = a ' a a a P
Weldganeuseme) Wewnaumilaniglunengs n1sindeunvesansld nedueauanfinuedauii
598R03E IR MEALazInAARBLTIdilien FezdianaUsz@nsainlunisiniiy
panaziAALAY luneassiutuiisldnodusataniniadnnuialuianadis (12,000 wag 28,000
nfulua) iaveauaznediweslulasualgavesinalaladnefuoauanfnuednviueannzianau
szflanwagnsinanuaszla ldnugadinigly (el 4.3 a2’ was bb’ dmsulnalaladneduea-
wanfin wodin Nflunaluiana 12,000 waz 28,000 nfu/lua) wansliniiuilnalaladwedueauanfin

LeRnaraelaRNUBNALLAALAL

M157997 4.1 1alULaNARALYDINDALRALANANLETA LNIANTINITAT kag NoFLRALANANLOTAT

iulnalaladalagldanmain 175 ssrnaidea Maan 30 wag 60 U1

Y

M, M, M,/M,
PLA,? 226200 145000 1.56
PLA,? 141680 77000 1.84
GPLA;° 54000 28000 1.93
GPLAg® 24875 12500 1.99

NUBLUR: a NWOALBALANANLDTA LNSANINITA 1 Ay 2

b NoALBALANANLETALNTANIINITAT 1 AeunIstnalalada 30 waz 60 Wi
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10 pm | 10 pm
AWl 4.3 Optical micrographs veswedwoslilasuaUgaveonnzinALAL (PLLA/OD) fe
nszvauMsszmedhazane  lagldwedloauanfinuedafinalianasiisy  Ae
(a) 12,000 (b) 28,000 (c) 77,000 Wag (d) 145,000 nou (a b c uay d) Wazuad

(@’ b’ ¢’ wazd’) SEmealvinazay

ilefinnsaniienamunnuvemedweslilasualya (hsalldwedueauanin
Ledasie senaziaALAUT 1:1) FeilA1UsEana 1 nFu/daddng 91NAUNUILLLYDS
yoALeALANANLETN UazeenaziamALTIiAIUTEN0 1.22 uay 0.78 n3u/dadans awady
[133, 134] upUgandsainsumenaslsnesuudinisazassndanszarfluigaiadelies
AmENEANILIIURREYRIeAkeaanAnuedatsonaznAlaululAsuAUgaTIdnalIANasN e
yesnoduoauaninueda ndannsivesnviazaedunse wansian it 4.4 Tunsdlvesnsld
wodusauaninuednfifaialuianags (145,000 77,000 uag 28,000 niu/lua) datuaziin
nsusnfuadudaiu Aediuflaosegduuy dauiinszarsegluth wagduiinnaznou
Tnenudiuuu @Usunseonnsiaataugs) ludSuuives Tuvaeillduiinnnzneunas
nszaeiluigmeadeifiesTinaun wansiuiniiauanaluanavesedieauaninuedn 3
UszansamlunsiniAvesnazinaiaus yilianuvuiuiusuveseynagsninudolndifes
futilinnagneundenszaneiluipaiededes Tnsoenmunaiauitligniuazassiulueg
druvuidufgrfvuadga (diudes) luntansetrunsdldneduoananiinueadn
waluianasiifl 12,000 nfu/lua Weumuavesmedweslulasuaugaassogfiuuy (4.4 a)

Y & 1 [ 1 P a a PN [ =3 1% A o !
LLﬁﬂﬂ‘ViL‘VIU’J']iJ’JaINLaQﬁﬂﬂﬂﬂ’]’)ﬂﬂﬂi%ﬁﬂﬁﬂ’]‘wwsﬂ%ﬂﬂLﬂU@@ﬂm%LﬂﬂLﬂu1’Jﬂ']Eﬂu LUDUNFIUUU
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1 v 1

Y9994 4 AN1ITUIANABUITDUNDVERNALLAALAUN IDNTLDBNNUIN Suunedwestulas

Y 9
[

wAUgaanaulouIaliianaveInadkealanAnkede wWudu Inenuindnedwesiulasuaya
Segay 11 36 44 Uay 86 dmiunedieananinuodaiduialuiana 145,000 77,000 28,000

way 12,000 n5u/lua mua1ny

AN 4.4 mw@ﬁa%’mmwaﬁLmﬂﬂﬂﬂmﬂﬁaﬁmaaﬂmLﬂmﬂu (GPLLA/OD) A38n52UIUNNS
LY} o U o Y d‘ n‘l 1 a } %4 a a
SeEYNaraty NaIvinnIsUUWNee 3000 sausaudl leagldnadueawaniin-

LLoTA ﬁmaimaqaﬁhm (a) 12,000 (b) 28,000 (c) 77,000 wag (d) 145,000

A o a Y A o Y o v

WetmedweslulasualgauniannieulandindisesnnzianALeeni
Anwrandanieainuieu ietUTeuiivuiveannsinaAuusans (nmi 4.5a) 910
TGA wasluunsun1saaemvamediueslulasialgaueonaginAAunNensIdIu (AN
4.5 b - e) insaanedestialaetisusniiunisaaiefvasesnnzmawuiigniunelunediues
lulasuaugain 150-270 asrwaidea Tuvnenynngsshs auvgiilunisaalefiveadden
wodieslulasuauyail 350-450 asrwaldya Sevarnisaaleiiveseanaviaalaugnyidly
wodweslulasualgadie Sevazn1susTyveteennznalauglunediweslulasuadya (% L)
NUI1T98aZNITUTIVITANAIAIULIALULANAVRINDALBAUANANLETA (MN5199 4.2) Lael
wialuanaveslnalaladnedueananfinuedaf 12,000 nsulua ffeeasn15UIsy

= v & A v o a v a4 o °
panazlaAlAugInan (Sauay 49) FallAlnalfveiungu] (Feear 50) Weovin1sAuIum
UszanBn1nn1siniuvedeenmziamaunIuaunIsi 3.2 98399 4 @an1az afildaziiuduain
Jeuay 46 voInedueakanAnkadn NNulaluiana (145,000 nFu/lua) aunesasay 98
= o = 9 Aoy v & o =
Mualuanatesian (12,000 nfu/lua) n15NdTeeazn1suITIRaENISANAUAT TunTilves

woduoaanAnLedanulaluanags uauganlamsazanaznau uililssniloenaziaaiauill
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o

Qﬂﬁ&l‘-ﬂ’]ﬁ’luw’]ﬂ BUUU

Juhlualgamariinszangdiegngluturesesnnzinnaulazao gy
Y0387t wazilorin1sanseennznAuaBnlIviABLAUYaluUSINMlee (Sauay 11 - 44)

a A A [ < 1% a a v
waziivSunaeenasmawungninnulinigluneiweslulasuaugausuadey

120

100

80

60

Weight%

40

20

0 50 100 150 200 250 300 350 400 450 500

Temperature ('C)

A7 4.5 TGA waslauunsuves senazinfLal (a) kay nodweslilasuauyaru eanazinalAw

fliweduoauaniniedainaluananiag 12,000 (b), 28,000 () , 77,000 (d) uag
145,000 (e) nsu/laa
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P 2 a a L < a
#1919 4.2 i’e)EJaSﬂ’ﬁ‘Uii‘qLLﬁ%UigﬁVlﬁﬂ'W‘WﬁLuﬂ’ﬁﬂﬂLﬂ‘U’e]@ﬂG]BLGW’]LQUIUWBﬁLNBﬂNIﬂiLLﬂﬂ%Ia

nldneduoananfinuadauialianasiieg

Loading (% wt) Encapsulation

theoretical  Experiment (+SD)°

(% wt)
Pure OD - - -
PLLA (12,000)/0D 50 49 +0.58 98
PLLA (28,000)/0D 50 38 +1.15 76
PLLA (77,000)/0D 50 26 +1.15 50
PLLA (145,000)/0D 50 23 +1.00 46
®n=3

31nFegaznisussquaziniivesnazinanuigvesinalaladnaduoauandn
wadnil 12,000 nsuAua Fedaninulalutanadinarifnwidasidiuseninelnalalad

wodueauanfinuedna me Tanuausousely

4.2.1.1 waveslsunalnalaladnweduaalanfinwadn M 8aNALAALAY

PFINISANEIOATIAIUTLNI bnalalad wodwoananfAnwLadn

(12,000 nSu/lua) A8 8BNALLAALAYN 71 40:60 50:50 Way 60:40 Savarlngu1nin WulIn

N§IINNITIEINEAIvINazatenedineslulasualgaiinseulan 40:60 wadiuedde

sonmzinaLAL wodweslulasualyaldnvauzliilunsinay anseuresUdenuisdiunas
Qy 1 @ 1 (v 1 d{' d! a v d' ] 6 d'

wuuAannIEweyluinnasieilies Fsonainnisviuilianysalfuanslunmi 4.6 (a)

Tuvauefgnandiu 50:50 uwag 40:60 wedweskulasuaugaidnvausdunsinay RaSeuiuans

Tunnd 4.6 (b wag o)
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ATW# 4.6 Optical micrographs wediueslulasuavgariuesnnginaiAy (GPLLA/OD)
A18ATEUIUNITIEINREAIazay Taelddnsidiunisqgueslnalalad

NOALDALANANLITA MO BBNATLANLAY : (a) 40:60 (b) 50:50 way (c) 60:40

v [ (%

97NN optical microscope 9z AAAADIAUANYUEDIATUVDINDALUDS
lulasurugaiiedoals Tnovdsnissemedvhanediaduimioldiidnvazidudundgu ua
dethdtatuludumissiinanuss 3000 seuseundl iunan 15 wiit dfaduieewldiAn
nsusnduiiuamdusansfanmi 47 lnednsdruvedlnalaladwoduoauaninuada so
ponmzIAALAL 71 40:60 uay 50:50 aziidvmfuassegduuulusiuusnnluvaeidunanias
Aoudnsla drutudnasinedmeslulasundyauiendonvesuaugaiiunnegiintosiilasain
AL TINTeIweRiLe fuazeanaiaalaLiiAin ALY aa S a Tunayin
nodiweslulasuaugasosegtuuu duiisnndiuredinalaladwodueauaninuedn so
oonnzianlAL 7 60:40 nedwolulasunugadulugazanegiuaraiesainluneduues
lulasundgasziiviinavesnedueataninuedaiiuinniteanasiaaauisvinlimnamuiuiy
suveswedmeslulasualgaginiiiiTaanasidudas dedmedimeslulasunlyad
p3pulduinifovaznandn svifiuldinivsuialnalaladnedusauaninuedn se
oonazAALALT 50:50 agiiUSamemedieshilasunlyaiinesagduuuinniian (Gevas 86)
LanaRIn13197 4.3 drutuuuesdnidan 40:60 uar 60:40 veslnalaladnedueauandn
Lodn so senAzlAALAL AxilUTINAN Sesar 59 uaz 11 mwdrdu lunsdiildlnalaladned
woauanin wednlulSuudivesniteennzinainu Waenwedwesazsiuldlianysal 3
Wasnwedeshilasuaugauisdinuunnuazanazneusgiiuans Gesas 30) luvaiidiuuy
($ovay 59) Unariitseannzaaiauuaznodweslulasuaugananiu lunsdvosmsldlnalalad

weduaAUANANKETA WNNInanazinaluNediueslulaTuAUgANlEllAIILILLINNT
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dmnaznausginudns (Gegay 82) athdIuuuYeIdnsdIu 40:60 Uag 50:50 Lazdiuans
YDITNTNAIUN 60:40 WWIN1TANETTRRNATIARLALNLIgNTNEEN fowlunIUIunueen

ALLAALAUAILLNANA LNB5LUN51uns atulnsalad wanansnini 4.8 vinlwle

v a a L [ (Y =
3@?Jﬁ%ﬂ?i‘Uii‘ﬂqLLﬁSUi%ﬁWﬁﬂ?Wﬂ?iﬂﬂLﬂ“UﬂQG]’]i’N'Vl 4.4

A 4.7 anddatuves wedweslulasualgaiueannsinniau (GPLLA/OD) fag
ASTUIUNITILINEAINIALANE NAIINISUULMIBIN 3000 SeumauNlaely

Inalaladwodusauanfiniedn fe sonnziAALAUTIEATIAIUANNY: (a) 40:60 (b)

50:50 wag (c) 60:40
M15197 4.3 YSuaesAusenauvesnedwesiulasuadganluiiastundeitnisluimies
1 3000 soumou i ldgnsidiusisgszninlnalaladnedusalanfnuedn

7o BaNALIAALAUNANNAY
SevavUsvinumediueslulasuaugalagtvin (%owt)

i
40:60 50:50 60:40
| PLLA/OD (fuuw) 58.92 | 86.30 | 10.52
PLLA/OD ($unan) 10.94 1.25 7.87
PLLA/OD (fugnq) 30.14 12.45 81.61
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100 +

80 -+

60 +

% Weight

40 +

0 100 200 300 400 500 600

Temperature (°C)

WA 4.8 TGA wasluunsuves eenaztaalay (a) uay lnalaladwedueauan wedn (b) uaz
wodweslulasualgalu sanaznalAy AlenTduAvasinalaladned-

LOALANAN LBTAMD panAEALL: 40:60 (c) 50:50 (d) way 60:40 (e)

P % a a v a
f1919N 4.4 ﬁaﬂagﬂ’]i‘USﬁﬂqLLa3U§3ﬁ‘ﬂﬁﬂ’]W1uﬂ’]§ﬂﬂLﬂU@aﬂmgLﬂﬂLﬂuSLuwaaLQJ’EJﬂlﬂ:ﬂﬁ-

weganldonsdiuniavedinalaladneduoataniiniedn sie sannznaAl

Loading (% wt) Encapsulation
Experiment
theoretical (% wt)
(£SD)°
PLLA /OD (40:60) 60 25 £0.87 42
PLLA /0D (50:50) 50 49 +0.58 98
PLLA /OD (60:40) 40 27 +£0.00 68

bn=3
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1MANYINUIINTLEINTIEIUN 50:50 AlnTaeazn1sussquasysednsnn

v & ! = ¥ 1 & o v v 2
n1sfiniiuasge Tudiuves 40:60 esannisviueenaziaaaulaliauysalvinlviinisiniiu
Ueeiian fanuIudendniidiun 50:50 vadlnalaladnedueananfiniedn fe sonavianLAY

Winltlunsdnwdusaly
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ABSTRACT

Microcapsule containing heat storage or phase change materials (PCMs) is useful in various
applications. It provides a larger heat transfer area and controls the volume change of PCMs during
phase transition. Most polymer shells used in microcapsule are petrochemical-based polymers which is
a growing concern about their impact on the environment. Therefore, in this work, biodegradable
polymer as a poly-(L)-lactic acid (PLLA) was implemented as the polymer shell to encapsulated
octadecane (OD), a kind of PCM, by a simple emulsion evaporation method. Influence of PLLA
molecular weight (MW) on the encapsulation efficiency and colloidal stability of microcapsule was
studied. The spherical microcapsules with a size range ca. 5-50 um were obtained in all MWSs of PLLA.
However, at higher MWs (54,000, 77,000 and 145,000 g/mol), some octadecane escaped from the
droplets during solvent evaporation due to higher internal viscosity therein where polymer chains hardly
diffuse to precipitate on the droplet interface. In contrast, using the lowest MW (24,000 g/mol),
approximately 86 wt% microcapsule yields with about 100 %oencapsulation and high colloidal stability
were obtained which were much higher than those (44, 36 and 11% for 54,000, 77,000 and 146,000
g/mol, respectively) of higher MWs. In addition, latent heats of the encapsulated OD (200 J/g-OD)

were closed to those (230 J/g-OD) of bulk OD. Based on high encapsulation efficiency, this
biodegradable microcapsule would enhance environmental sustainability for thermal energy storage
applications.

Keywords: Polylactic acid; Heat storage materials; Microcapsule; Simple emulsion evaporation
method
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INTRODUCTION

Paraffin wax is one of the most attractive
phase change materials (PCMs). It melts and
crystallizes which can absorb and release energy,
respectively, at a wide range of temperature.
PCMs are used in many industrial applications
such as solar heat storage, air conditioning of
building and thermal adaptable fibers(1). Because
of their moderate thermal energy storage and low
thermal conductivity, 21. Numerous polymer
shells are used to fabricate PCMs microcapsules
such as polystyrene (PS)(3, 41, polycstyrene-co-
methyl methacrylate) [ 51, polydivinylbenzene
(PDVB)[6, 73, polystyrene-co-divinylbenzene) (8,
polyc methyl methacrylatey (PMMA) (91 and
polycmethyl methacrylate-co-methyl acrylate-co-
methacrylic acid) (101 However, most of them are
petrochemical- based PLLAstics which are a
growing concern about their impact on the
environment (11, 12;. Biodegradable polymer as
poly (I-lactic acid) (PLLA) is then the good
candidate to be used as the polymer shell of
PCMs microcapsules. Because of its non-toxic
and environmental friendly, it is applied for a
various applications such as biomedical,
pharmaceutical, food packaging and agricultural
industries (13, 14y. To To the best of our
knowledge, there are a few researches using
PLLA as PCMs microcapsule shell. From our
previous work [ 151, we have successfully
prepared microcapsule containing urea using
PLLA as a polymer shell by a simple emulsion
evaporation method. Because urea can soluble in
water, water; (containing urea) in oil (containing
polymen in water, ( Wy O/ W) system was
prepared in order to increase the encapsulation
efficiency. In addition, PLLA was successfully
used to encapsulate more hydrophobic material
as vitamin E (16 using oil in water (O/W)
emulsion system with a simple emulsion
evaporation method. Therefore, it would be
possible to prepare PCMs microcapsule using
PLLA as a polymer shell where PCMs and PLLA
are dissolved in good solvent as an oil phase
before being dispersed in the continuous (water)
phase having surfactant. PCMs microcapsule
would be obtained based on an internal phase
separation mechanism [17;. Because PLLA is
more hydrophilic than that of PCMs, it should
diffuse from the polymer solution droplet to the
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droplet interface during the solvent evaporation
to form polymer shell.

In this research, PCM microcapsule with
PLLA and octadecane (OD) as a polymer shell
and PCM core, respectively, prepared by O/W

emulsion with a simple emulsion evaporation
method will be studied. In addition, influence of

PLLA molecular weight and PLLA and OD ratio
on encapsulation efficiency and colloidal
stability of microcapsule will be investigated.

2.EXPERIMENTAL
2.1 Materials

PLLA molecular weights (MW) of 77,000 and
145,000 g/mol were used as received from B.C.
Polymers Marketing Co., Ltd. OD (Sigma-
aldrich, St. louis, USA; purity, 99%) Polyvinyl
alcoholy (PVA) Aldrich, Milwaukee, Wisconsin,
USA,; degree of saponification, 87-90%) and
chloroform (CHCIs (RCI Labscan, Bangkok,
Thailand; purity, 99.8%) were used as received.
Ethylene glycol (EG) (Loba chemie Pvt. Ltd.,
India; purity, 99.5%) was also used as received.

2.2 Preparation of low molecular weight
PLLA

Glycolysis of commercial PLLA with MW of
145,000 g/mol employing EG was carried out to
break PLLA chains{18;. PLLA and EG at 1.1
weight ratio were previously mixed and
dissolved in chloroform (finally, 20 wte of PLLA)
before transfer to a round bottom flask and sealed
with silicone rubber septum. The solution was
purged with five vacuum/N; cycles finally in a
N> atmosphere. The reaction was started at 175
°C with a stirring rate of 200 rpm and kept at 30
and 60 min. After a completion of reaction,
PLLA short chains were purified by precipitation
in methanol before dried overnight in a vacuum
oven.

2.3 Microcapsule preparation

PLLA microcapsules encapsulated OD using
various MWs ( 24,000, 54,000, 77,000 and
145,000 g/mol) were prepared in O/W system.
Firstly, 2.50 g of PLLA was dissolved in 20 g of
chloroform containing 2.50 g of OD as an ail



phase. It was added to 45 ml PVA aqueous
solution (1»wt) and then homogenized at 5,000
rpm for 5 min to prepare polymer droplets in
O/W emulsion as shown in Fig 1. Thereafter, the
obtained polymer droplets emulsion were stirred
overnight to evaporate chloroform resulting in
the formation of polymer microcapsules.

Table 1 Reagent amounts for the preparation of
PLLA OD microcapsules a simple emulsion
evaporation method

Phase Ingredients

a a
PLLAg( 200 50" 3.00
oil 0D Hy( 300 250 200
CHCI_)g( 200 .

29 5 2000 ¢
PVA solution 4500 45.0

Aqueous )1 W g( 4500 0
Abbreviations: PLLA, polylactic acid; OD,

octadecane; CHClIs, chloroform

@Molecular weight (g/mol): 24,000

b Molecular weight (g/mol). 24,000 54,000
77,000 and 145,000

2.4 Characterization of PLLA microcapsules

The microcapsules encapsulated OD were
observed with an optical microscope (OM) (SK-
100EB&SK-100ET, Seek, Seek Inter Co. Ltd.,
Thailand) and scanning electron microscope
(SEM) (JSM-6510, JEOL, JEOL Ltd., Japan) to
study the morphology of the particle surface and
shape. For SEM observation, a few of dried
microcapsules were placed on a nickel SEM stub
and dried before Au-coated. Weight and number-

average molecular weights (¢ My and M,
respectively)and MwM, of PLLA were measured
by gel permeation chromatography ¢ GPC)
( Waters 2414, Waters, USA) with two
polySdivinylbenzene) gel columns (Phenogel 5
x 103 and 5 x 10° A (pores), 7.8 mm ¢i.d) x 30 cm
(lengthy, Phenomenex, USA) connected in series
and using THF as eluent. The flow rate of eluent
was maintained at 1.0 mL/min with column
temperature of 40 °C and elution was monitored
with refractive index detector (Rl 2414/ Waters).
The columns were calibrated with six standard
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PS samples (2.5 x 10% 6.0 x 10°%, Myw/Mp = 1.05-
1.15). For the measurement of thermal properties,
the microcapsules were washed with 2-propanol
before dried in vacuum oven. The OD content in

the dried washed microcapsules was direction
determined by thermogravimetric analyzer
(TGA, TGA 4000, Perkin-Elmer, USA) at a

heating rate of 5 °C/min. The latent heats (AHn
and AHo (J/g-capsule) and the melting (T and
crystallization ( Ty  temperatures of the

encapsulated OD were measured with a
differential scanning calorimeter ( DSC, DSC
4000, Perkin-Elmer, USA) under a N, flow in a
scanning temperature range of -20-40 °C and at
a heating/cooling rate of 5 °C/min and shown as
average values of three measurement

AHm+ and AH¢+ (J/g-OD) were, respectively,
obtained using the following equation (1) from
the AHm and AH; (J/g-capsule)and the OD content
in each washed microcapsule % loading) obtained
from the TGA analysis, which did not contain
unencapsulated OD.

A=B,Cix 100
Where
A = AHn* and AH of the encapsulated OD in

unit of joules per 1 g of encapsulated OD J/;g-OD)

B = AHp, and AH. of the encapsulated OD in
unit of joules per 1 g of microcapsule (J/g-
capsule) measured with DSC

C = % loading (experimenty of OD in the
washed microcapsules measured with TGA

The theoretical % loading of OD in the
washed microcapsules was calculated by
equation 2)

% Loading (theory) = [Wwax(Wwax + Wpria)1 X
100 (2

Where Wywax and WprLa are weights of OD
and PLLA, respectively, in the preparation
recipes shown in Table 1.

Encapsulation efficiency (%) of OD was
calculated using the equation (3).

Encapsulation efficiency (%) = (% loading
(experimenty ; % loading (theory)1 x 100
E)


http://en.wikipedia.org/wiki/%C3%85

PLLA+ OD + solvent

Oil Phase

Homogenized

PVA Solution 5000 rpm/ 5 min

J

Oil : PLLA + OD + CHCl,4
water 1 1% PVA

PLLA/OD droplet

Solvent =

Evaporation

Fig. 1 Schematic diagram for the preparation of PLLA microcapsules containing OD prepared by a simple

emulsion evaporation method
3.RESULTS AND DISCUSSION

One of the main driving forces for
microcapsule preparation based on internal phase
separation machanism is viscosity inside
polymer solution droplet . To the best of our
knowledge, when the polymer chains smoothly
diffuse to the droplet- water interface, the
microcapsule with high encapsulation would be
obtained . The amount of polymer chain reached
to the droplet- water interface decrease with
internal viscosity .In this work, various MWs of
PLLA were used to encapsulated OD in which
using higher MWs was expected to obtain high
polymer shell strength .However, this parameter
was optimized based on encapsulation efficiency
and shell strength . The low MWs of PLLA were
obtained by glycolysis of high MW of PLLA
145,000 g/mol (with various times at 30 and 60
min .1t was found that PLLA MW significantly
decreased to 54,000 and 24,000 g/mol for the
reaction time of 30 and 60 min, respectively as
shown in Fig .1 It is due to the depolymerized of
PLLA by EG to form shorter chain of hydroxyl
( OH) - terminated PLLA where PLLA MW
decreased with the reaction time (18, 19.

MWD of Glycolysis PLLA 30 and 60min

4 A

1 (b)

(a)

0.2

0
o 1 2 3 4 5 6 7
log M

Fig. 2 MWD of PLLA ( Mw145,000) after
glycolysis at various times, (min): (2 30 min and
(m1h

The PLLA/OD solution droplets dispersed in
PVA aqueous solution )1 wt (% were obtained
with the homogenization .As seen in Fig .3, the
PLLA chains with higher MWs seemed
incomplete miscible in CHCI; containing OD
especially for 77,000) Fig.3cc and 145,000) Fig.
3dc gsmol where the PLLA/OD solution droplets
contained dark domains . After CHCI; removal,
PLLA chains homogeneously distributed
throughout the microcapsule due to high internal
viscosity . This then resulted in low microcapsule
yield where numerous microparticle without OD
were obtained .In contrast, for lower MWs of
PLLA, both PLLA/OD solution droplet, yFig .3a
and b (and microcapsule) Fig .3a’ and b’ were
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clearly transparent was obtained. Based on the
theoretical total density of microcapsule (~1;
densities of OD and PLLA are 0.78 and 1.22
g/mol, respectively) at the ratio of PLLA. OD of
1.1, the microcapsule should be floated on the top
layer of the suspension. The suspension photos of
PLLA, OD microcapsules with various PLLA
MWs were shown in Fig. 4. For the three higher
MWs (Fig. 4b-d), three parts i.e. top, middle and
bottom layers of the suspensions were clearly
observed where small amounts of microcapsules
floating on the top layer were obtained. The
PLLA dispersed and precipitated in the medium
and the bottom would be the broken particle and
the PLLA particle without OD, respectively.

In contrast, most of PLLA,OD microcapsules

floated on the top layer for the lowest MW
(24,000 g/mol) of PLLA (Fig. 4a). The amounts of

PLLA, OD microcapsules at the top layer

separating from each suspension were measured
by gravimetry It was found that the amounts of
PLLA/OD microcapsules prepared by various

PLLA MWs were 11, 36, 44 and 86 wtx (based
on the original of PLLA and OD, for 145,000,
77,000, 54,000 and 24,000 g/mol, respectively.

This indicates that the obtained microcapsules
increased with the decrease of PLLA MW. From

these results, PLLA MW of 24,000 g/mol was
selected to be used as the polymer shell for
further study. The PLLA:. OD ratio will be
investigated in order to obtain large amount of
PLLA/OD microcapsules.

Fig. 3 Optical micrographs of PLLA/OD droplets (a-d) and microcapsules (a’-d’) prepared by a simple
emulsion evaporation method using different PLLA MWs (g/mol); (a,a’) 24,000, (b and b’) 54,000, (¢

and ¢”) 77,000 and (d and d’) 145,000

Fig. 4 Suspension photos of PLLA/OD microcapsules after centrifugation at 3,000 rpm method using
different PLLA MWs @/mol); @ 24,000, (b)54,000), ¢) 77,000 and (d) 145,000



The suspensions of three conditions were shown
in Fig. 5a-c. The densities of PLLA/ OD
microcapsule increased with PLLA content in
which most (82 % related to original of PLLA
and OD) of PLLA/ OD microcapsules
precipitated onto the bottom layer in the case of
60:40 wt%. However, this phenomenon was also
observed for 40:60 wt% of PLLA: OD (30 %
related to original of PLLA and OD). The
precipitated polymer is due to the polymer part
of the broken microcapsule in which low content
of PLLA was not enough to encapsulate OD the
microcapsule size and surface of PLLA: OD of
all condition were then observed by SEM as
show in Fig5a’-c’. It was found that most of
PLLA: OD microcapsules (Fig. 5a’) were broken
in the case of 40:60 wt% of PLLA: OD according
to the suspension photo. In addition, PLLA shell
seems unable to encapsulate OD in the case of
50:50 wt% in which half-moon liked particle
(Fig. 5¢’) without broken particle were observed.
This seems that the PLLA shell can completely
envelope the OD core.

Fig. 5 Suspension photos (a-c) and SEM
photographs (a’-c”) of PLLA/OD microcapsules
using PLLA MW of 24,000 gmol after
centrifugation at 3,000 rpm with different PLLA.
OD ratios wtw); @,a’)40:60, (b,b>)50:50 and ,¢”)
60:40
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temperature

Fig.6 TGA thermograms of @ bulk OD, (ko) PLLA
and dried PLLA/OD microcapsules at PLLA:OD
ratio (wtw) of: (¢) 50:50 and (d) 60:40.

The degradation temperatures of bulk OD,
PLLA and OD encapsulated in the PLLA
microcapsules using PLLA: OD ratio of 50.50
and 6040 were observed by TGA and the
thermograms are shown in Fig 6. In the case of
dried PLLA/OD microcapsules (Fig 6c), the
decomposition temperature of OD (130-260°C)
and PLLA (280-420°C) were shown in two
respective steps. The degradation temperature of
bulk OD (Fig. 6a) of 140-300°C was closed to that
of the encapsulated OD. The TGA thermograms
confirmed that OD existed in the prepared
microcapsules. In addition, the experimental

percent loading (27%) was closed to the
theoretical ~ ones  (40%) giving  65%
encapsulation. This indicates that PLLA
represented high efficiency to encapsulate OD.

(a)

0 5 5 20 25 30 35 40 45

Fig. 7 DSC thermograms of @) bulk OD and ()
the encapsulated OD in dried microcapsules with
~50 % loading of OD at PLLA: OD ratio of
60:40 %w/w



The latent heats J/g-OD and Jig-sample for
bulk and encapsulated OD, respectively) of bulk
OD (Fig. 7a) and the encapsulated OD (Fig. 7b)
were obtained from the heating/cooling peak
areas of DSC thermograms at T, and T,
respectively. The latent heats (AHm* = 197 and
AHc+ =196 J/g-OD; of the encapsulated OD were
quite closed to those of bulk OD (AHn+=233 and
AHc+ = 234 Jg-OD). It may be due to the

hydrophilicity of PLLA increasing the phase
separation between polymer shell and OD core
where the encapsulated OD behaved similar to
bulk OD.

4. CONCLUSION

The spherical biodegradable PLLA
microcapsule containing OD with good colloidal
stability was successfully prepared by a simple
solvent evaporation method. The MW of PLLA
affected on the formation of the microcapsule
shell. The lower MW PLLA formed the
smoother shell than the higher ones based on
lower internal viscosity. The latent heats of the
encapsulated OD were closed to those of bulk
OD. Therefore, the prepared PLLA/OD
microcapsules were able to use in heat storage
applications in place of petrochemical-based
microcapsule.
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