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ABSTRACT

The research aimed to study the preparation of high performance poly(methyl methacrylate-
acrylic acid-divinylbenzene) (P(MMA-AA-DVB)) microcapsules encapsulating highly effective
octadecane (OD) without supercooling for the preparation of thermal adaptable cloth prototype.

Firstly, the P(MMA-methyl acrylate (MA)-DVB) microcapsules were prepared by
microsuspension iodine transfer polymerization (ms ITP). The influences of MA and DVB contents
on the morphology, thermal properties and stability of microcapsule were investigated. The
prepared microcapsules were spherical in shape with a dent at their surface by using 30 % of MA
and 20% of DVB wt. The latent heats of melting (224 J/g-OD) and crystallization (246 J/g-OD) of
the encapsulated OD were close to those of the original OD (245 and 251 J/g-OD, respectively).
After that, the hydrolysis was carried out to prepare P(MMA-AA-DVB) microcapsules having -33
mV zeta potential value representing carboxyl groups formation at microcapsule surface. However,
the crystallization temperature (7) of the encapsulated OD was significantly decreased from 25°C
to 17°C which was called supercooling. Therefore, the addition of nucleating agents (1-octadecanol,
Rubitherm 58 and chloroacetic acid) at various contents was investigated to study the reduction of
supercooling. It was found that 1-octadecanol provided the best result. From the experiments, 7, of
the encapsulated OD using 5 % wt of 1-octadecanol increased up to 24°C which was close to that of
bulk OD while the latent heats were constant. After that, the obtained microcapsules were

subsequently coated on the cotton fabric by pad-dry-cure method to prepare thermal adaptable cloth.

(5)



It was found that POIMMA-AA-DVB) microcapsules were coated more effectively on fabric than
P(MMA-MA-DVB) microcapsules. This was due to the interaction of carboxyl group on the
microcapsules surface with functional group of fabric.

Consequently, it can be concluded that the P(MMA-AA-DVB) encapsulated OD with
excellent thermal properties could be prepared by ms ITP followed by hydrolysis. The obtained
microcapsules were effectively coated onto fabric without external binder because of the interaction

of microcapsules surface functional group with fabric.

Keywords: microcapsule, heat storage material, microsuspension iodine transfer polymerization,

thermal adaptable cloth, supercooling
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¥o gasnll gaungiimanasuial (C)  manudouuds (KI/Kg)
Tamniau C,H,, -12.0 216.0
Tasianau C,,H, -6.0 n.a.
IMNILIANIAY C,H, 5.5 231.0
IMUAZIANIAL C,H,, 10.0 207.0
BNFLIANAY C,H,, 18.2 238.0
1gnziana C,.H,, 22.0 215.0
PONAZIANIAL C,H, 282 245.0
Tuuuanay C\Hyz 31.9 222.0
o T C,.H,, 37.0 247.0
o lu T C,H,, 41.0 215.0
Ta Ty C,H,, 44.0 249.0
Tas Touaru CpH,e 47.0 234.0
mnge Tamuy C,.H,, 51.0 255.0
muaz Ty C,.H,, 54.0 238.0
ENLEAGIEIT C,.H 56.0 257.0

26754

28



M319N 2.1 (99)

¥o g3l gamgimavasumal ('C)  manwuieuuds (Ki/Kg)
11l Tawsy C,.H,, 59.0 236.0
ponaz Tay C,Hy 61.0 255.0
Tuu oy C,,H,, 64.0 240.0
lasoznoumy C, He, 65.0 252.0
1IUAZADUITY C, H,, 68.0 242.0
Talasnoumy C,H, 70.0 170.0
laslasnoman  C H, 71.0 189.0
mnse lasaouesy  C H,, 75.9 269.0
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(28]
¥o gaswll  quuglimsvasumad ((0)  manwSeunde(KI/Ke)
lasienaulnanoa CH,,0, -7.0 247.0
nsavesiin CH,0, 7.8 247
nsan Iwsan CH, 0, 16.3 149
lawiadalon las C,H,08 16.5 85.7
NALEDIU C,H,0, 17.9 198.7
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M319N 2.2 (99)

]
A

%o gasall  gamgimsvasumal (C)  mnnuiounra(KIKg)
UanaaiAoisa C_H, 0, 19.0 140.0
Tamdosa C,H,,0, 27.0-29.0 122.0
NIANIND C,H,,0, 32.0 152.7
Wuoa CH,0 41 120
BUAIANAT U C,.H,,0 41 201
wii1-Tegdau C,H,N 433 167
oy Tudt CN, 44 209
nad Inaue C,H,,0, 45 230
n3in laTasduiin CH,,0, 48 118
isRaueaneson C,H,,0 49.3 141
woavh-lnaaiy C,HN 50 93
AN C,H, 50 238
pols-lulasoziiau  CHN,O, 50 93
Inwoa C,H,0 51.5 115
AAIUIUN C,.H,0, 52 234
ladltiaaniiu C,H,N 52.9 107
w-laaae lswudu  CH,CL 53.1 121
ools-lodulananlss  cH.ClL, 55 121
NIANAD 1302HAN C,H,CIO, 56 130
Tulasuunmau C,,H,NO, 56.7 103
uoavh-aae Isozwan

R C,H,0,Cl 61.2 130
TLET
nia lnalaan C,H,0, 63 109
W131-Tus Iuvluea C,H,BrO 63.5 86
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2.12 msvszneveiunid (Inorganic compounds)
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g9 manasumlaslsmesdesuaziisiaign
2.1.2.1 tnae'lawsa (Salt hydrates)

A < A A AacAa ¥ ' Y = < e

nae lawsailundeetiunidninieglulassadunan gasnalife

AB.nH,0 194 K, HPO,.6H,0 FeBr,. 6H,0 Mn(NO,),.6H,0 1ag CaCl,.12H,0 qu#9in1s

asuMadtazAn NS oundaveunae lasariina1auaniadaisnan 2.3 [29] msnaguy

A I = 3 9 = ¥

anzveunae lamsalumsgadeinmelulaseade lunszurumsvasumaindnyeaii
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vgnihae sunaeilunde Ll uazi auaniaulsveunaelawsa e TanuFoues
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ualidoAny Ao NAMsIIuAIBInIAge i liaunasu laanasililszansamlums g

o A 1 D) Y
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MA319N 2.3 ﬂﬂﬁa@ﬂlﬁﬁ'J!Lﬁgﬂ]'lmiﬂuup\h‘uﬂ\uﬂﬁﬂhl@mi@] [29]

%o gasall QUUNNMST aauiour
vaouvad (C) (KJ/Kg)

laTnunadeoulalasmunodma

K,HPO,.6H,0 18.5 231.0
N lansa
TosouTus lug tonase laasa FeBr,.6H,0 21.0 105.0
unamiia luasn enaz lamsa Mn(NO,),.6H,0 25.5 125.9-148.0
unaFeunae l5a laang lawsa CaCl,.12H,0 29.8 174.0
adiouluasn la'lansa LiNO,2H,0 30.0 189.0-296.0
adienluasn laslansa LiNO,3H,0 30.0 296.0
TasRouasuea anz laiase Na,CO,.10H,0 32.0 267.0
TmReugala oz lansa Na,S0,.10H,0 32.0 251.0-254.0
losouTnunedeoy oan KFe(SO,),.12H,0 33.0 173.0
unadeon Tus lud tenwe laasa CaBr,.6H,0 34.0 115.0-138.0
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M319N 2.3 (99)

¥o gl QUUYNMS amauiour
vaoural (C) (KJ/Kg)

afionTnslud lalansa LiBr,.2H,0 34.0 124.0

Fan luain ienas lansa Zn(NO,),.6H,0 36.0 134.0-147.0

losounan’lsd lanys lansa FeCl,.6H,0 37.0 223.0

2.1.2.2 Tang (Metallics)
o < 9 1 dy = o .

ﬁﬂLﬂUﬂ'J']jJﬁauGIUﬂQNu%gi'nJﬂQIaWgﬂa@lllqﬂﬁ:]ﬁ'] (Low melting

a . 2 g Ao " Yo =2 ) [ =

metals) 10z Tanzgmaan (Metal ecutectics) Fuilunguind hildsumsanudmsumalulad

Y <] Y o wad o W @ <] 9 ' dy A A o Y

ﬁﬂlﬂﬂﬂj’]niﬂuuqﬂUﬂ ﬁ‘llll@]1/]ﬁ’]ﬂmuslla\i')ﬁﬂlﬂUﬂ’J'uJi@uﬂquu o Nﬂ’lﬂ’liu’lﬂj'llliau’qq
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A a ' Y
%o QUNYINT MANNToULA
viaauyal (CC) (KJ/Kg)
Aaiaey (Gallium) 30.0 80.3
J a .

e 13 Tad gmaan (Cerrolow eutectic) 58 90.9
Verda-unaillen-aufen gmaan (Bi-Cd-In eutectic) 61 25

A9 151U ginAAN (Cerrobend eutectic) 70 32.6
Veria-aznI-ou@eN gmaan (Bi-Pb-In eutectic) 70 29
Verda-oui@engmaAAn (Bi-In eutectic) 72 25

2.1.3 gmAAn (Eutectics)
a A A 1 .. Ao o
gmaan As A1INNAINIENBUABITIU (Composition) NUNITALABAINANS
3 o J Y ] @ J
HADUIHAIAZNITUIAD 09A1TENBUVINANIZHANAUBEINAIMI TUTZHINNIANKEN [30]
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A 4 4 A A A J 9 1 a J A a A 7 9 [
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4 A
AAD 154 AN LazINABYasuvad (Molten salts)

2.2 maiiamseuualgaiy (Encapsulation technique)
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U mAlanIsoUNiIuUUN Uy (Spray  drying) miandeuTasldinaiinvgdaladiua

(Fluidized bed coating) LAZINANANT TN IaZa1Y (Solvent evaporation)

2.2.1.1 AIZUIUMIBUUTILUUN U

v
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I a Yo a A = 9 a o A A
Wumanan ﬂ‘i‘]Jﬂ’ZﬂlIuEJllLquﬁﬂﬂﬂJ@]uT]uiuﬂﬁWﬁ@Wﬂ UATIATONUD
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v o A gl,z 9 A 1 . =) 1 Y] ] .
Tuahazaenmiunzan 1nuulsniosnudos (Spray drying) RAFITHIUKINY (Atomizer)
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) Yy 9y A a9 Y
semediazaelagldanseunguugi 100-160 oeraiEed [35-38] A15Nd09MIHUITYN
1 { < { o <
duegmelunldonilniuaisadou uayganlalianvuziflunsvuialszura 10-150
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luTasas aanmi 2.1
A 9 a a 4
22.12 nszuumandenlayldimadiavgda ladiua
S A A = = = S A
WunszuIUMInauHIBYMANLANAI VT HYBWVIMTBVR N AT
o a o ] Aa { I
A131AT0UILYNATUVUFIVBILNY TagaziimIniuaIIndoUaIuuAIveIaYN ANzl uLnY
A 0 q.¥ < A v = ' v a &g
asndeugnim Inszienateunlaen Taglivyunouegneluszuuenuna maiiaiiilu
v 9
matafdwsanIguauvealaen ldTastmuaszozna lutuaeumsmasuaisag
A A Y a t;ld
vuey,a uatlgawson ldanmatiatidvuailszana 50-500 lulaswas [35, 36, 39]
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ANNINN 2.2
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coating solution

| 1]

inlet air flow

! Y a a 4
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Vitamin E

PLLA + Vitamin E
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Palymer capsule
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85:10:5 2 A 3 < - -
75:20:5 ¢ 4 : S - -
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Preparation and Characterization of Functional
Poly(methyl methacrylate-acrylic acid-
divinylbenzene) Microcapsule Encapsulated

Octadecane

5. Japzanz!, A Chaivazat'* and P. Chaiyvasat!'~*
TDrapartment of Chemistry, Facutty of Science and Technolagy,
Fajamaneala University of Technolsgy Thampabmord,
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methe
DVE)} microcapseles encapsnlaied ootadecame (0D mued as
hest storsrs macerial were prepared for sextiles application
in two seeps Firstly, poby(AAIA-medrd sorflate-DVE)
Wﬂ[ﬂrm_]]‘i.'ﬂ}}'ﬂl] micrecapzules wers prepared by
micresuspenson Wdise trascfer pelymerization. They were
secondly bpdrodyied o form PAMRIA-AA DVEYOD
micreaprabes. The infleemces of RIA contemt om the
morphelogy, thermsl properties  and  sishilifies  of
::i.rn-u.p:.'llﬂ were imvestizated The ical mmicre-
capsules with i dens amd  hish racaponkatien
eibciency (19H%) were obtained. The laieni beats of melting
and crysialiization of encapsmlaved OD were high dossd io
theze of bolk OD. After bydrolyzic, the zets pocemcsl of
micreapabes were m the ranpe of —4 to —10 m¥ dwe to the
presence of carboxylic groups of PAA derived from PAIA at
micreapsbe sarface. The presence of carborsdic gremps em
micrefaprube mrface was expected in beneht fer texmiles
coatisr vis imcermolecnlar mrersctions.

Eeopwerds— MMicrocapsule, Indine tramcfer polirmerirstion,
Heat sinraze marerial, Thermoregnls tise permiles.

L INTRODUCTION

Haat siorage or phase chompe mabadals (PR} ane maderials
which ahle to changs their stves with terparamms: [1-3]. PChs
are atfracthve for mamy indusral applicbons meoh as building,
anergy storxge, textile and Ghbrics for dothing [§-11]. Paedin
waE is e of the most atmaciwe PChls becmsa of it
ouktamding proparties such as pxedaare heat cpadty, notoxic
and kowr cost. Howwver, it has low heat contnctivity which limdts
tho applictoms. To ovarcome this disadrmtaps, encapealation
was mad to provido large heat tamsfor aroa. Thoro are many
pobymerivation wiing miemal phate wepamation mechamice is ong

1

the most fmous iechniqees ecpedally miomnspansion
polymerizaton [12].

Hm_',rhnd.i.c\f'pnhm shalls hawe formed for the
encapmlation of PO by microsespension cenventional radical
poibmoriztdm  (micoempension  CEF). For  exxmpls,
pobydninyl  benzens) (POVEH) was for the
encaprlaticn of ectedecans (OO0 [13-16]. Methvl mathearydsie
{(*A) copohymer with dhviny benrong (DVE)17, 18], and
pobntymnae (F5) [19-22] ware nsed a5 mdigocapsele shaolls for
sncaprulation of Rubithem®7 (RT2T) & 2 commarcislized
BCA [23]. In thews cases, latent hoats of oncapmlated PCMs
wore docreased The latont heats dopended on the kind of
polymar shall Tt was frand that ladent heats of the enmpsulated
heoradocome (HD) in PO'VE chell decresed from thne of balk
HD wum mooed by copobearizaton with
mmomas sch as methyl amrdete (MA), sthyl aoniate and
betd acrylato as fonctions of their copolymarized comterts[24,
25]. Eacanily, ww fonnd that latent heats of encaprolated BT27
nsing PAMALA shell prapared by mimrosespanson CEP [23] ware
tha e as thoes: of pore ET27. Howswr, a large amoont of froe
PO A partickes ware famwd mmldng in microcapmles with
multident becamie of bow shall srangth. To sohwe this problam,
irplamonted[26]. ITF ik oo of well-known controlled Thing
radical pebymariration (CLEF) techmigues [27, 2E]. It is
envitommental friendly merhod nsing iodine corpommds as
mnh\:-]anutlndnﬁm{ﬁﬂajuﬂda:cmhdanﬂiﬁrm‘h
miuces radical exited daing polymarization As a meeolt, the
formarion of PRAIA froo particlos via eomlsion palymerizatiom
in aquese: mediums was greatly depressed. For themomsgnlating
tuxtiles, PChs micompsules can be in imio polymar
solnbimms or malts diring fhar spinning [29-31] as hollowr fbars
uwhﬂm%nﬁmnﬁm:hmnpwmhymmtmal
pad—dry—rmre method or coating [32, 33]. The absarption 1ia
intermolecolar force a5 H-bomding, clectroutatic mbarachion or
crralent bonding 1ia esterificabion is ens of irportast jsmes for
appliction of microencapsulated PChs bo soow feacfiles haning
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Tﬂiﬂimnﬁ.nﬂlmu’dﬂdﬁ:chupm:ﬁuhdﬁl}ind
amine grops ouba sorfkco I was roparted that fomcHional
poln b A-po-acylic add (AA)Ypwicrans miaoopsnles
paparad by an oil-in-water ammlsion polymarizbion, which
st crbarylic groups oo murface e propemd i thormal
comiort twortiles [34]. Hawlurnﬁpﬂ:.mhmmm
hhmmd:.ﬁnmmman{hM&.Lﬂ.}m’B}'ﬂﬂ
micocapsule: withoot froe particles by utilising ms ITP ware
caried ot The nffeences of b4 content oo the mopholegy,
thamal propartiesn and sabilitice of micoepmia W
mmshgaied The chiamed micompmbes wum sxpecied to sxdly
adsorty mubo textiles via their intermolecnbar mheractions.

IL BIATERIALS AND KIETHODS
A Mxorials

]'J.I-I.l {Al-cinm.. TWisconsn, IE:'L. purity, 55%%) lmi hq
pumgﬂn'mﬁ.ﬂnm!‘mmpﬂdmﬂihmll‘mm
DVE (Aldnch, Wisconsm, TEA; parity, 20%) was vashed with
1 M sodinm bydroadide (MalH: ECH Prolabo, Leman, Balgmns)
soltion bo Tersoig the palymarizstion whibitors baforn naa. OO
(Mdorck, BMmich, Gamamwy; 59.7%) was need a5 recaived.
Beagent-prades benroyl peromide (HPD; Marck, Bmich,
'El'llm.lil.. U&trmif:.zggﬁi]mdpd}ﬂmﬁlkuhﬂ}mﬁl
mlecniar waight 3-Tx1{4 gimd]) wore naed & recaived.

E. Microoaprules Proparation

The B A-MA-DVBYDD micompsoles ware propared by
mer ITP mndar the conditions livted in Tabls 1. Fasthy, monomars,
0D, EPQ and CHI,; wore hemogeneonaly mixed as an oil phasa.
Secmndtly, tha homogeneos oil pheie was trancformd o a PUA
aquess solubion {1 @t ad homopenivad at 500 rpa for 5
min tr form an il i wate (o'e) oomldon. Theoafior, the o'
ammlsion e poured by & romd botiom: flask, soaled with
silicome robber soptom and porged with e vacmem ™ cycles
finalky in a W; atmsoephorn. B e finalty thon polymsarieed at B
"C for 3 b amd folloomsd by 1 “C for 5 b ot & staring rate of 20
TP

The obmimed PRA-MA-DVEYOD micocpmlss W
Indrolyuad with 1 B potassiem bydroodds (FEOH) sobation for 24
b with stiming bo form PYBIA-AA-DVE)Y OD microcaprales.

C  Choackrization of microcpsnle

The innar stractire of PMBA-MA-DE)YOD micocapsules
and the morphology of the mrface wum chsarved with an optical
microscope {0, EE-100EE & SE-100 ET, Seck Inter Co. Lid.,
Thailand) and a m[ﬂnﬁmumm{ﬂ FEM-6510,
JEQL, JECL Ltd, Iapanj), . Monomor copvurtion
was mgamred by gasimsiry at 70 “C. Far themeal proparties
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meavvoenet, freo polymer paticles in @ aqeons medinm
migocaprlos wwe washed with 2-propancl before dried
wrmm oven. The 00 comfent @ the dried wmahed
{TGA, TGA +HH, Parkn-Flmar, T5A) at a heating rate of J
"Cimin. The labant heats {AH, and AFL) (Jgcaprle) and thae
encapmizvied 0T s meanmed with a difkrental saming
wloimetar {DEC, DEC 4040, Purldn-Flmar, TEA) mdar a H;
fow in a wanming temparatore range of -10 to -4 *C and at &
heating‘cooling e of 3 "C/min for thres tmes. AFC* and AFL*
{Fe-OT) walues were chiained nuing the Sllrwing eqeation (1)
&
— | = 10d]

) {n

Wharo

A =AH_* and AH.* of the ancapralated OO i it of jonka
par 1 g of encapsolated OO (Tig-000)

B= Aﬂ.mdﬂnfﬁnumﬂﬂﬂnmiaf]mhipr
1 g of micracaganlo {Mp-capmle) meanmed with TISC

C = % laing (opoimont) of 00 b the weched
microcap rules mesemred with TG4

A -

Tha theoretical % loadng of 00 in the sashed micoapmiss
was caloulated by oguation () miing % convarsion and Y fros
palymar particlas.

“iLoading {theary)

W
'[ T e = o s iﬂﬂ‘.l] R

Whare, Weu 2md W are wmight of OD0 and monomars,
mspactively, in the polymarization recipa thows in Tahls L.

iom aficiency (%) of 00 wm calcolsied nsing
squation (3.

[’ﬂ_ {Expermmenl] &)
mlulmn':

Zota potntal of micocpsnles s measmred with Dhnamic

light scabimring m.ﬂrum.mt (DLE, Doba Nao C, Bockmm

TAREIE 1
s e o v -yl
el b T Cwtta )
Gy T
hAkla gy 20 1.4 150
hiAcg) Y o o
OY¥E (g ik [l ] i
O3 i 240 155 LI
EFG iy iz [ -8 ik
CHI: (g it it it
PY¥A mpuoows whebion (1 wi| [g) 450 T 450
*H;ﬁ]‘fﬁwldhﬂh‘qhh‘fhl—ll
" Prepuered by Horegewiced o 5 (063 rpes for § men
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II EEULTS AkB DNSCISSI0N

In fact, socondary mocleation i agoeons medmm alwxs
o diring microsnspention. polymerization of hwdrophilic
polymar @pmles or particles [17, 1E, 23] The newr patices am
wctualty farsed by self-assambling of pohymer chains in aquemms
medimm imitated by the olipemenc radiol obed fom the
phoomenon, | or precions wok, the epdrophohic chan
tranifar agont as. iedoform wea introdoced in the oil phasa badore
mmnomar droplet geneation m ms [TP. Thoufre, te mdicly
wxited from the polymeriring particle are wmificmty decused
which is named “Fadical Bxot Dopmesaing (BEDY) «ffact™[24, 35].
Tharubrs, W this wmk, s [TP was maed to tha
hydrophilic polymer psule of FMMBMA-MA-DVHYOD. From
tho exparirantal memits, loss than 5 wt% of secondary particlos
was chsaned

In all cases of P{MBA-BA-TAWEYOD proparation, ms ITF
mmoothly procesded with high comartion. The o
ware spharicl in shaps with emltident on the ooher sorfecs as
OM and EFM photographs shoun in Figs. 1 and 2, respactivaly.
Thao shall strength of P A-MA-DVE) obtuined o this work
was lowar then that of FDVE [13-16] o PMMA-co-DVE17,
1E] shell of previons wordes. In addtion, it is clearky soan that tho
thall sirength decreased with moescng of M4 cotet (a5
incmaring of danted sizg}. It is dna bo the prosence of lowr glass
tramsition temparature ( T) polymer as PA{A i the shall emlong
in the rednction of Ty of the terpolymer shell.

3D |

Ex

by moa TTT s s ebicn of el MOA:DVWE [wiba) @100 (m) Medd:d
), e BLEHD: 10 ()

||r-'

Fig T SFM icmprphn of Pyl s T/VE 0D micomcapmies propaered by
wmr (TP of rices et of Wea: bla: IVE (wriie Bt 10:10 [m), AEIE I k)
w6080 4=

Thareal proparti;s and O covtent in micocpmle @
moaured with DEC and TEA, respecthaly. Tho TGA
thampgrares of P& A-MA-TYHVOD micocpmle af varims
wompoaitions of MAMADVE were compared with pam D
a thowm in Fig 3 in which the microcaprole ware washed by
2-propanol to remos the mnenapmisted OO0 oo thar morfaoes
baion meamrement The degradation temparatre of pore CD
was 10-230 *°C, whormas it was 250430 "C for POBLA-MA-
DVB). The degmdation teeparatumes of the P{MLA-MA-
DVBWOD micoopmis repreanted too staps of 10K-230 °C

43

and 043 *C which accordad fo the encapmiated OO and
M&Hﬂrﬂﬂ}:hﬂﬂ.:mﬂy Theas resnbts indicat that

v ancapinlyied muide PROMA-MA-TNE) micocaprmla.
ﬁlﬂimgdﬂﬂmmm-q}mh at varions MA contents ware
almont the same as approcmaiehy 5 wite. In addition, those
ane wwe cowd to the theawicl *loading {31-534 wth)
ohtained from equation {2} based on 10 % comvendon and 2-3
wtth froa BB A-MA-DVE) particles in the ms ITP vaom
From thess resuls and baved om ton 3, it cam be conchnded
that OO wra inside P{MMA-BA-TVE) shall writh

kigh mcapsulation efficiency {100 %).

— T —— | -
Ali-
MO o
ali-

40

Toghn ke %)
i
1
]
1
1
]
i
i
T

Frlymr shell
an.

0 0 M0 im SN

Tomparawng (1)

Fig. 3 T thermograras of {0 {—}, Fhaln - bA-D%E ) i md Fildbds-
MA-DVREFD miccopedo progmrad by sr [TP & s oing of
Mt T WS st Bk 110 " D00 — el SLEHE 10 [—F

e o ey

Fig. 4 TS0 thermaprans of OO (— axd cspealaied O3 o FkOs RiA-
[4H| micecpalo prope—red by mr ITF of v mioe of M MA:DVE

P @ e 00 —§ T 00 {— o BLEHG:10 (—)

Figne 4 shown the DEC thormograms of poe 00 mnd
ancapsulaind 0D i tha P{MELA-MA-DVEROD

at varions A contents. AFLL* (125, 132 and 119 Ng-0D far 10,

20 and 30 wt¥s of MA, respectivaly) and AH* (1246, 234 mnd

217 Ig-0D for 10, 30 and 30 wite of MA, mspectivahy) of

0D obtxined from. 1 wmru abmeont tho same

as thoao of pure O (2371 and 14677 (g ) for AH, mnd

AN, respectnulyl. These indicato that OO & complowhy
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separaied fom the PO A-MA-TH) chell according with oo
works proposed in the previons articles [23, 36). In the casa of
aysaliration tereparatare (1), they ware greathy shifed fom
the original 1alng to Jowwr temparzmre {13 “Cy ki genoralky
phenomenon of mrapsulated wax in e mioo- or nanocapsales
which iz called “separcoaling™ It & wull-knows that the
ayshaliration of waxes & mckated by impoities. In the paoe
vamm whore Impurities am distribreid tharein,
such phenamanon is not fremd. In comirast, m the @ee of the
micrncapeale conRined the diforent ansomts of i itias, the
muckation efidency of enmapmlaed same woold difcrt.
This disachanzge will be forther Improed.

To zpply the migoapes oominng OO0 b
thamomguixting tertilas, Hrnmuu'umpmlnupnnalhmtﬂd
ot the textiles by pad-drp-oore wechniqee. The
hning mrbonydic groep oo their sorfaces wonld reinforce the

i doo o the edecoromiatc imemactdom, H-bonding or
crsalent bonding wia ererification with the foncbiomal groops
mch a Indronyd and amine of toxtiles. Therafme, the chtinad
BB A-MA-DVEOD micocpsules ware then Indrobyzed o
forms P A-4 A-D'WVEROD pdcrocapmles. Tha negatne @
polatial at alkaling coendition (pi-13) of the mmooopsmles
after hydrobeds mpresanted te formation of crbondic groeps.
This indicated that PMA wemets were bydrobyred to be PAL
Im addition, fhe negative charge inomsed with b4 content [-4 1o
-10 mWV) From thes reslt, the prepared PADMA-AA-
DVBFOD mioompmls would ahle 0 me o the terile
applications.

IV, CoNCLUsioNs

PMBA-A4-TNBY0D miocoapsles wawe mooessflly
mopared by ms ITP following by sieple ydrbuiz The
micr shall srength decreased with inceacing of M4
contant. The lxtent heats of encapmixted O wore high closed o
thosa of the original OD. Afer is, the zota potantial
vainas of F{hA-AA-TVH) micocapenles wore inarased with
inceasing of M4 cmtent doe W the presence of PAA units
darived from PAIA at edcroapmle sorice. The axisong of
rbomiic pog of PA4 would enhance the coatmg of
microcapeeles an fextile: via intarmalecular ineraction.
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R
Results and discussion -
Microcapsules

search, functional poly(methyl methacrylate-acrylic acid-divinylbenzene) (P(MMA-

AA-DVB)) mi (OD) used as a heat storage material were
prepared for textiles application in two steps. Firstly, poly(MMA-methyl acrylate-DVB) (P(MMA-
MA-DVB))/OD microcapsules were prepared by mi ion iodine transfer C‘"’ queous e

They were secondly hydrolysed to form P(MMA-AA-DVB)/OD microcapsules. The influences of
MA comcnt on the morpholo;,y. thermal properties and stabi

The spherical les with multiple dents and high encapsulation efficiency
(100%) were obtained. The latent heats of melting and crystallization of encapsulated OD were
high closed to those of bulk OD. After hydrolysis, the zeta potential of microcapsules were in the
range of —4 to 10 mV due to the presence of carboxylic groups of PAA derived from PMA at
microcapsule surface. The presence of carboxylic groups on microcapsule surface was expected to
benefit for textiles coating via intermolecular interactions.

| " "

Small amount of free
pomm particles
Free polymer particles

3 Photos of aqueous dispersions of POMMA-MA-DVB)/OD microcapsules prepared by ms ITP at various ratios of
MMAMA:DVB (wt%): (a) 80:10:10; (b) 70:20:10 and (<) 60:30:10

( troduction
. Phase Change Materials (PCMs)

High /w Low temperature
Applisations

e ;

9
Sotermie

process
Heat of ...k..m; Heatof yptallizaion
iy i

M ism of lodine-Transfer Pol) ization (ITP)

Degenerative Transfer (DT)

ke 2 .
- 3 | m Fig. 4 Optical and SEM of P(MMA-MA-DVB)OD prepared by ms ITP at various ratios
(doemant) (dormant) of MMA:MA:DVB (w1%): (a and a') 80:10:10; (b and b") 70:20:10 and (¢ and ¢") 60:30:10

+ Pyl == Pl o+

P A
M Mossier (4 —— o ] o ©
F N ——TYT T | VAS
) i
, \ oo | g ANk AD
< Experimental iw 3 H
—— - A |3 3
1) Preparation of P(MMA-MA-DVB) mi by mi spension iodine transfer 2 40! 3 k] upercooling
(ms ITP) 40 g poymer shell
— 0/
O oo 200 300 400 S0 W W W [ )
Tomperstrs (°C) —, —

Fig. 5 TGA (a) and DSC (b and ¢) thermograms of POMMA-MA-DVB) (=), OD (—) and encapsulated OD in
P(MMA-MA-DVB) microcapsules prepared by ms ITP at various ratios of MMA:MA:DVB (wt%): 80:10:10 (—);
70:20:10 () and 60:30:10 (—)

o e TC YR TS Table 2 %Loading, latent heats (A, and AH_J¥ of the OD in P(M BYOD
Gl (after washing with 2-propanol) and Zeta-poténtial of P(MMA-AA-DVB)/OD microcapsules
A - vt ol oS -
Fig. 1 Schematic diagram for the preparation of (MMA-MA-DVB)OD microcapsules by ms ITP %y Loadng {wi%) Latent heaty Zeta potential
Table 1 Recipes for the preparation of P(MMA-MA-DVB)/OD microcapsules by ms ITP of monomess/OD. Experiment (oo TAH,* gOD) ARF (BOD)  (mv)
droplets” (monomers/OD = 50/50, w/w) with BPO as initiator (£SD) (+SD) (£SD)
SMANADVE (v eC 3 3 2 2 =
Ingredicnts T pIsaEegs, N757 Purc OD 27470 246477
] 3 80:10:10 514033 51 25855 226461 -4
MVA (8) 200 ]
MA  (2) 025 050 0.75 70:20:10 5340.20 51 232458 234371 -6
DVB (9 I\ =K @\UT awmrr—E)C 130 4 = ,
n— b = s 60:30:10 524006 51 204113 2174106 10
B8O (2) 0.2 o1z o1 7 { om0
@ 002 o0 00 Where A A ad . Jolespr SC thermogram
PVA aqucous solation (1 wt%) (g) 450 450 450 vyasdoen
Ry 80 b 13 i by 0°C o 4108 Calculaid wing e o cqution: 5 0o [ W,/ Won + W, (% comerson - e polymer 100) 100
i by amogeniion 1 00017 e i Ahcte Won a1 Wo apecinch Talet

2) Hydrolysis of (MMA-MA-DVB) to P(MMA-AA-DVB) microcapsules

POMMA-MA-DVE) POMMA-AL-DVE) N
g . '/ 'i / 4 Conclusions E

f f P(MMA-AA-DVB)YOD microcapsules were successfully prepared by ms ITP following by si
hydrolysis. The microcapsule shell strength decreased with increasing of MA content. The lates
encapsulated OD were high closed to those of the original OD. After hydrolysis, the zeta pg

of P(MMA-AA-DVB) microcapsules were increased with increasing of MA content 4

of PAA units derived from PMA at microcapsule surface. The ¢

would enhance the coating of microcapsules on textiles via intermolec;

— [ zeta potential

“iMKoil

 the preparation of POMMA-AA-DVB)/OD microcapsules by hydrolysis

Minami, and M. Okubo, *Thermal properties of hexadecane encapsulaled in poly(divinylbenzene) particles,” J. Appl. Polym. Sci,, vol. 112, pp. 32:

ihesis of poly(n

13" Eco-Energy and Materials Science and Engineering Symposium, Udonthani, Thailand, 1-3 December 2016
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Polymeric materials based on silsesquioxanes for supporting palladium nanoparticles in
selective alcohol oxidation

1 , Preeyanuch Sanglnrulnugul" and Vuthichai Emlha\asupoml ™
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Bangkok, 10400, Thailand.

+
1\E-Mailz thanawat.chr@student.mahidol.ac.th, *E-Mail: preeyanuch.san@mahidol.ac.th
*Material Science and Engineering Program, and Center of Intelligent Materials and Systems, Nanotec Center of
Excellence, Faculty of Science, Mahidol University, 272 Rama VI Rd. Ratchathewi, Bangkok, 10400, Thailand.,

*E-Mail: vuthichai.erv@mahidol.ac.th
Abstract

Silsesquioxane-based materials were prepared in high yields using free radical polymerization of methacrylate-
functionalized silsesquioxanes. Powder X-rays diffraction (XRD) and Brunauer-Emmett-Teller (BET) analyses of our
desired materials reveal an amorphous nature with high surface areas ranging from 600 to 800 msg', respectively. The
resulting materials were used to be a supporting material for immobilization of palladium nanoparticles, generated by a
reduction reaction of Pd(OAc)2. Their transmission electron microscopy-energy dispersive X-ray (TEM-EDX) analyses
show a well-dispersion palladium nanoparticles on synthesized supporting materials, while their microwave plasma-
atomic emission spectroscopy (MP-AES) analyses were found to have about 5 wt%. The resulting catalysts were also
observed to exhibit the high catalytic activity and selectivity for oxidation reaction of alcohol derivatives to the
corresponding aldehydes and can be reused up to 5 times,

Keywords: polyhedral oligomeric silsesquioxane; alcohol oxidation; palladium nanoparticles; catalysis: water
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Preparation of Functional Polymer Microcapsule Encapsulated Heat Storage Material for
Thermoregulating Textiles
Saranya Jantang, Amorn Chaiyasat and Preeyaporn Chaiyasat*
Department of Chemistry, Faculty of Science and Technology, Rajamangala University of Technology Thanyaburi,
Klong 6, Thanyaburi, Pathumthani 12110, Thailand
*E-Mail: p_chaiyasat@mail.rmutt.ac.th

Abstract

The preparation of functional poly(methyl methacrylate-methyl acrylate-divinylbenzene) (P(MMA-MA-DVB))
microcapsule encapsulated octadecane (OD) was studied to be used as a heat storage microcapsule by microsuspension
iodine transfer polymerization (microsuspension ITP). The influences of MA content on the morphology, thermal
propertics and stabilities of microcapsule were investigated. The obtained microcapsules consisting of OD core and
P(MMA-MA-DVB) shell were spherical in shape with multident at their surfaces. The latent heats of melting and
crystallization of encapsulated OD were almost the same as those of pure OD. After hydrolysis, the zeta potential was
12 mV due to the presence of carboxylic groups on polyacrylic acid derived from PMA at microcapsule surface. The
obtained microcapsules were expected to be easily adsorbed onto textiles because of their electrostatic interactions.

Keywords: Microcapsule, lodine transfer polymerization, Heat storage material, Thermoregulating textiles
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Abstract

The preparation of functional poly(methyl methacrylate-methyl acrylate-divinylbenzene) (P(MMA-MA-DVB)) microcapsule encapsulated octadecane (OD) was
studied to be used as a heat storage microcapsule by microsuspension iodine transfer polymerization (microsuspension ITP). The influences of MA content on the
morphology, thermal properties and stabilities of microcapsule were investigated. The obtained microcapsules consisting of OD core and P(MMA-MA-DVB) shell were
spherical in shape with multident at their surfaces. The latent heats of melting and crystallization of encapsulated OD were almost the same as those of pure OD. After
hydrolysis, the zeta potential was —12 mV due to the presence of carboxylic groups on polyacrylic acid derived from PMA at microcapsule surface. The obtained
microcapsules were expected to be easily adsorbed onto textiles because of their electrostatic interactions.

Experimental

Table 2 %Loading and %encapsulation of OD in P(MMA-MA-DVB)/OD microcapsules (after washed with

BPO = Benzoy] peroxide
PVA = Polyviny! alcohol

Fig. 1 Schematic diagram for the preparation of P(MMA-MA-DVB/OD microcapsules by microsuspension TP

Table 1 Reagent amounts for the preparation of P(MMA-MA-DVB)/OD microcapsules by microsuspension
ITP® of monomer/OD droplets” (monomer/OD = 50/50, w/w) with BPO as an initiator
MMA:MA:DVB (wt%)

Ingredients

2-propanol)
S B iz (Wt
o P(MMA-MA-DVB) o Loading (wt%) =
§ & MM‘:\ MA:DVB Encapsulation (wt%) B S,
1“' (wt%) Experiment */(+SD) Calculation ¥
80:10:10 51+0.33 51 100
| 70:20:10 5310.20 51 100
60:30:10 52+0.06 51 100
Monomer+OD Microuspension \\ e
it i3 65:30:5 6340.36 61 100
50:30:20 53+0.32 51 100
PVA solution | 5,000 rpm, Smin\() ¢ o (), 80°C,8h =
Q9 “TGA thermogram
¥ Caleulated using the following equation: % loading=[ Wi, / W,., + Wi (% conversion - %free polymer)/100) ] x 100
= Methyl methacrylate (MMA), Methyl acrylate (MA), Disinylbenzene (DVB) where W, and Wi, are the weights of OD ct in in Table |

® ©|

OD core

ek e (0¥
e o (V)

Weght oss (%)

=S
|

80:10:10 70:20:10  60:30:10 65:30:5  50:30:20 ’
MMA (2) 2.00 175 150 1625 125 \
MA (2) 025 0.50 075 0750 075 0 o T T
DVB (g) 0.25 0.25 0.25 0.125 0.50 SRR () ki el 12 an a2
oD (@) %0 250 250 230\ \\Bso Fig, § DSC (n and b) and TGA (¢) thermograms of OD (—) and encapsulated OD in P(MMA-MA-DVB)
ared by ion ITP at various ratios of MMA:MA:DVB (w1%): 80:10:10 (=),
BPO (2) 0.12 0.12 0:12 0.12 0:12 7020410 (- 6030410 . 65 30:5 (—) and 50:30:20 (—)
CHI, (g) 0.02 0.02 002 002 002
: . Table 3 The latent heats (AH,, and AH,)” of the encapsulated OD in POMMA-MA-DVB)/OD microcapsules
WA) :q‘;“zsls‘"l“;‘:“{‘l: “"/":’)‘392 — 4?3 - 45 DA S QNI LA 30 (after washing with 2-propanol) prepared by ITP, percent of free polymer particles and Zeta-potential
9Ny, 80 °C for 1-3 b, following by 90 °C for 4-
¥ Homogenized at 5,000 rpm for § min MMAMA:DVE Latent heats R S ——
wi%) Terg oD — ree polymer particles  Zeta potential
) ; s (ig QD) AH* (J/g-OD) W% of monomer my,
Results and discussion s (£sD) o ) )
Purc OD 237471 246477 - -
Cl medi & =
T e 80:10:10 225155 22661 2 -4
l 70:20:10 232458 234471 3 -6
60:30:10 2194113 2174106 3 -12
Small amount of free 65:30:5 23015.6 227458 4 -23
polymer particles 50:30:20 224478 226+7.8 2 -4

“Calculated using the following equation: AFZ,* or AH.*(J/g-OD) = (A/B) x100
Where A= AHL,and 8H, of the encapsulted OD in units of joules per L (g
B= % loading (experiment) of OD in the washed

d from the DSC
ined from the TGA

repared by

Fig. 2 Photos ofaqueons dnspelsmns of P(IMMA-MA-DVB)/OD

pared by
ITP at various ratios of MMA:MA:DVB (wt%); 80:10:10 (a), 70:20:10 (b), 60:30:10 (c), 65:30:5 (d) and
50:30:20 (e)

Fig. 3 Opncal micrographs of P(MMA-MA-] DVB) /OD mlcmcapsules prepared by microsuspension ITP at
various ratios of MMA:MA:DVB (wt%): 80:10:10 (a), 70:20:10 (b), 60:30:10 (c), 65:30:5 (d) and 50:30:20 (e)

Conclusions

P(MMA-MA-DVB)/OD, microcapsules with small amount of free polymer particles in an aqueous medium
were prepared by mi P. The microcapsule shell strength decreased with increasing of MA.
content. The latent heats of encapsulated OD were high closed to those of the original OD. After hydrolysis,
P(MMA-AA-DVB)/OD microcapsules were obtained. The zeta potential values of P(MMA-AA-DVB)
microcapsules were increased with increasing of MA content. In contrast, they were decreased with DVB
content which may be due to the increased of crosslinking density reduce the hydrolysis of MA to AA units at
microcapsule surface. The present of carboxylic group of PAA would enhanced the coating of microcapsules

. on textiles.
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Abstract

The preparation of functional poly(methyl methacrylate- acrylic acid -divinylbenzene) (P(MMA-AA-DVB))
microcapsules encapsulated octadecane (OD) was carried out by microsuspension iodine transfer polymerization (ms
ITP) followed by hydrolysis. The P(MMA-methyl acrylate(MA)-DVB) microcapsules were firstly prepared. The
influences of MA and DVB contents on the morphology, thermal properties and stability of microcapsule were
investigated. Using MA and DVB at 30 and 20 wt%, respectively, the prepared microcapsules were spherical in shape
with a dent at their surfaces. The latent heats of melting and crystallization of the encapsulated OD were almost the same
as those of the original OD. After hydrolysis, the zeta potential value of P(MMA-AA-DVB) microcapsules was about
—33 mV represented the formation of carboxylic groups at microcapsule surface. However, crystallization temperature
(Te) of the encapsulated OD was greatly decreased from 25 to 14 °C which was called supercooling. Therefore, the
reduction of supercooling by the addition of nucleating agents (Rubitherm58, I-octadecanol, chloroacetic acid) was
carried out. Among these three agents, 1-octadecanol provided the best result. From the experiments, Te of the
encapsulated OD using 1-octadecanol at 10 wt% of OD was increased to 25 °C which was close to that of bulk OD while
the latent heats were constant. The obtained microcapsules were expected to be casily adsorbed onto textiles because of
their electrostatic interactions and expressed high heat storage potentiality.

Keywords: Microcapsule, Microsuspension iodine transfer polymerization, Heat storage material, Thermoregulating
textiles , Supercooling
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'Department of Chemistry, Faculty of Science and Technology, Rajamangala University of Technology Thanyaburi,
Pathumthani 12110, Thailand
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Rajamangala University of Technology Thanyaburi, Pathumthani 12110, Thailand
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Abstract

Magnetic nanoparticles (MNPs) have been applied to various areas of biosciences such as protein purification,
cell isolation and separation. In the absence of any surface coating, MNPs tend to aggregate and form large clusters. To
overcome this drawback, they were preferably encapsulated in polymer shell. Microsuspension conventional radical
polymerization (ms CRP) is one of the most famous techniques to prepare microcapsule containing metal oxide. However,
during the polymerization, secondary particle in aqueous medium is often formed resulting in low %yicld of
microcapsule. In this work, magnetite (FeiOs) nanoparticles were encapsulated in crosslinked copolymer using
microsuspension iodine transfer polymerization (ms ITP) in the first time to decrease secondary particle formation.
Influence of ms ITP in comparison with ms CRP on the reduction of secondary particle nucleation was studied. In
addition, the kinds and amounts of crosslinked monomer were varied to improve the encapsulation efficiency of magnetite
nanoparticles. Optical microscopy, fourier transform infrared spectroscopy and thermogravimetric analysis were
employed to characterize the obtained microcapsules. The results indicated that using ms ITP, secondary particle
formation was significantly depressed (<10%-monomer). Using more hydrophilic crosslinked monomer as ethylene
glycol dimethacrylate (EGDMA) represented higher %encapsulation (~100%) than that (~30%) of hydrophobic monomer
as divinyl benzene. In addition, high %loading (~70%) can be obtained with EGDMA.

Keywords: Hybrid polymer particle, ms ITP, Magnetite nanoparticles
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Abstract The p | methacrylate-acrylic acid-divinylbenzene) (P(MMA-AA-DVB)) lated octadecane (OD) was carried out by
lmcmmspcns;on mdmc transfer polymerization (ms ITP) followed by hydrolysis. The P(MMA-methyl acrylate (\M) DVB) mlunx,apsulu were firstly prepared. The influences of MA

and DVB contents on the morphology, thermal properties and stability of microcapsule were investigated. Using MA and DVB at 30 and 20 wt%, respectively, the prepared microcapsules were spherical in shape
with a dent at their surfaces. The latent heats of melting and crystallization of the encapsulated OD were almost the same as those of the original OD. After hydrolysis, the zeta potential value of P(MMA-AA-

DVB) microcapsules was about =33 mV d the jon of ylic groups at le surface. However, ¢ lT‘l of the lated OD was greatly d d from 25
10 14 °C which was called supercooling. Therefore, the reduction of supercooling by the addition of nucl agents (Rubithermss, | acid) was carried out. Among these three agents,
1-octadecanol provided the best result. From the i T, of the psulated OD using 1 & i at 10 wi% of OD was increased to 25 °C which was close to that of bulk OD while the latent heats
were constant. The obtained microcapsules were expected to be casily adsorbed onto textiles because of their el and d high heat storage potentiality.
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Fig. 2 Schematic diagram for the pecparation of IMMA-AA-DVBYOD microcapsules by hydrolysis
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