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ABSTRACT

In this project, the preparation of polydivinylbenzene/natural rubber (PDVB/NR) capsule
encapsulated octadacene as heat storage material by suspension polymerization was studied at 80 °c
for 8 hours. Benzoyl peroxide 8 weight percent of DVB and 1 weight percent polyvinyl alcohol were
used as initiator and stabilizer, respectively. The monomer droplets were prepared using
homogenization at 5,000 rpm for 5 minutes. The influences of molecular weight and amount of NR
were considered using lowered molecular weight NR prepared by oxidation with 3% v/v hydrogen
peroxide and 5 %w/v potassium persulphate solution combination with the sonication. It was found that
using high molecular weight NR (308,130 g/mol) could not prepared polymer capsule. In contrast, the
polymer capsules were formed with NR having lower molecular weight about 162,519 g/mol and
polydispersity index about 2 using 1 and 2.5 %weight of DVB. The heats of melting and solidification
of octadecne in PDVB capsule were about 153.0 J/g-OD whereas the melting and solidification
temperatures were about 19-33 and 23-10 OC, respectively. However, heats of melting and
solidification of octadecne in PDVB/NR capsule were decreased. Finally, the prepared capsule was

coated on cotton fabric by pad-dry-cure method using acrylic emulsion as binder.

Keywords: Octadecane, Heat storage materials, Natural rubber, Polymer capsule
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Storage mass for 10° 1, kg 67.000 16,000 5300 4350

Storage volume for 10° J, m? 30 16 6.6 2.7

Relative storage mass 15 - 1.25 1.0

Relative storage volume 11 6 2.5 1.0
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Carbon Number Name Formula (mol weight) Melting Latent Heat Thermal Conductivity Density (kg/m*)
Temperature (°C) (k] /kg) (W/(mK)) solidfliquid solid{liquid
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C(22) n-Docosane CapHas (310.61) 445 249 0.22{0.151 864/780
C(24) n-Tetracosane CaqHso (338.66) 52 (51) 255 0.25/0.15 897/774
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A A A 0 g‘ I =
NUowILEIT VS0 NFONNNYNYATNT I Hevea brasiliensis [35, 36] Wenswsuiuveanand

q

= A axd AA A a = . . ~
mW?ﬂQmT?ﬂutﬁaﬂq YNWIITUFIAUTONINLIANUAD C]fﬁ-l,4-Wi’]a]1@I°]5W§u (01s-1,4-p01ylsoprene) u

]
= a [ [

o IS a I o J o o g
aﬂHﬂ!glﬂUWQQLNi’jﬁiuﬁﬂTug@ﬁmiTu ﬂ@ﬂ!ﬁﬂllﬁ}ﬂ\i LWNTgllﬂﬂT'iuTnlﬂVl]Lﬂu')ﬁﬂiﬂlﬁ\iﬂﬁgu‘ﬂﬂ

a U q

k

a o o < [ '
w?awammmﬁéfmmsmmumma HAZ ANNIANYUN mquiwmgiu [37]

Division Spermatophyta
Sub — division Pteropsida
Class Angiosperm
Sub — class Dicotyledon
Order Euphorbiales
Family Euphorbiaceae
Genus Hevea

Species Brasiliensis
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517 2.11 Taseadamaniiveq cis-1,4-polyisoprene

Hevea brasiliensis tree
Latex containing
Folyisoprene

particles
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2.5.2 #1819 (Latex)

o S = = A vg ' Y 9 &£
mEJN!,‘]JuGUENma’mﬂunmﬁunﬂumam Glgueuu’agﬁluwamﬁnwaﬂmﬂﬁuﬂwm

~ % 1 A 9 Ay A T A a gl 9
L‘immﬂuagﬁlulﬂaaﬂﬂlmﬁuﬁm IﬂﬂlﬂW’lgﬂﬂ'NﬂQﬂ'luGlucﬁﬁﬂgﬂﬂlﬂ@mﬁﬂlu NITBIUIINDDNIINAU
Y o Y1 g’ @ :} = 1 o [ 1 A 1 A dy
EJN%G]EJWﬂﬁﬂ@’LHfJNGUME]f:)ﬂmﬂﬂu Gluuww%uﬁauﬂszmuwaﬂﬂg 297U N ﬁaumﬂutu’a

1 ~ 1 1 a 2} =\ dy Y dy Y dy I
fJ'NLLﬁ$ﬁ'Ju°VIl13JGlGBEJ']\1 [38] mmJﬂmﬂlum&nﬂﬁ]zmuﬂfJNLm\i‘lJixmm 25-45% eI u Y

@ @

P o o 9 g o an I A o I o an
Faquiirassonuypdir 1145z Temidenisdrsedia sunarafudeduiulunmsdisadia
o w @ o %
Usgiriuvesdenuuyudluilagiiv [39]
oy ~ ] 1 1 dyd I
1M181901YMAN19Y uIuaosed luveauvad symamaillssyluauniain
A A a v o ' o Y "o : " 9
Tls@u feguuia nanfuegaasanal shleyniamaniunvivasouazasanmiuiteseg 14
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1 {3 4 Q
(1) aruiniluilesns (Rubber) Yszunal 35% H9152noUAI8 819 (Hydrocarbons)
Y
21% 1 (n3291w0g 11 hydrocarbons) 10% a13Wan Tuii 3% tazarswinTusau 1%
1 { [ ] f 'd ;ﬂ v
) a7 lailesens (Non-rubber) Uszina 65% Uszaeudie aruiniuiii wieh
= 1T Ao 1 4 A A A 1 a A
39N 35U (Serum) Yszam 55% HazdIUURIABLALAZEITOUY HIoNEeN11 oumAasIaaa

(Frey wyssling) 1323121 10% [39]
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3.1 msmdnazglnyas
3.1.1 asnadl
a ay
a13ny NIA 1o

1. Tahiawuau (Divinylbenzene ; DVB) Technical grade 80% Aldrich
2. wod hilaeaneeed Technical grade 80% Aldrich
(Polyvinyl alcohol ; PVA)
3. aonazANAY (Octadecane ; OD) Analytical grade 99% Merck
4. wulydanleseon lad Technical grade 80% Merck

(Benzoyl peroxide ; BPO)

5. 9195554%19 (Natural rubber ; NR)

Commercial grade

Thai rubber latex

6. maeu laasonlas

Analytical grade BDH
(Sodium hydroxide ; NaOH 1 M)
7. uparteunae 138 Analaytical grade Univar
(Calcium chloride ; CaCl,))
8. laTasnunlesoon loa Analaytical grade Univar
(Hydrogen peroxide ; H,0, 30% v/v)
9. TnunanFeuosdamla Analaytical grade Univar
(Potassium persulfate ; K,S,0, 5% w/v)
10. tu51UDA (Methanol) Analaytical grade BDH
11. TVIQ%‘H (Toluene) Analaytical grade RCI Labscan
12. mnse lalasiasu Analaytical grade QReC™

(Tetrahydrofuran ; THF)
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! ¢
3.1.2 1In5esionazqinsel

A A ¢ ' Ay
1n09ienazglnInl M gtio
1. g luwailu RW 20 digital IKA
4 g ) Y
2. 1n3eanuuitianuuyldnnuion C-MAG HS7 IKA
A o 091 1T a3 .
3. 1793MUIMIavLg U (Cooling bath) - Boss tech
A v 4 2 .
4. 1A39INIUAWYAAUANIND Digital Elma

(Ultrasonic sonicator)

5. 19309 Gel Permeation Chromatography (GPC) Water 2414 Water
6. Lﬂ?f’)\? Differential Scanning Calorimeter (DSC) DSC 4000 Perkin Elmer
7. Lﬂt’ié’fN Thermogravimetric analyzer (TGA) TGA 4000 Perkin Elmer
8. é} UFWYINA (Vacumn Oven) DZE-6051 model DZE

3.2 MINAaoy

a

d
3.2.1 M3AsENNURINDS NSNS

9
9 4

= J a a o I~ o v v w & aaa IO Ao
MaaIeuNoUBINDS INUTgNFIY ITunshidadadudel§n5e1 (Inhibitor) N
A S A o I ' ' I~
myaualuveueueT More luMITNEITA WY INOUBINGS IUTZHINMTYUAWATM TN
o ' o Y o L4 a J 9 o o w 1
$aw1 Aoumsihweuswes l1¥lunszuiumsdunnginedmesizdesiimisiineonnon
4 { o [ 4 { a a =
wovzannsni l1Flunssuumsdunsigdld Famswsenlalhdawudulidusaniaey

Y Y
Usznovlidne 2 duaou dail

U a = Y = dJ
maanala hiawudualgasazaralmaanlaason lae
= 4 [ 9
wsongagilnsaimsanaas Iaens l¥nsaenen 19815 DVB:NaOH 1 M lu
[ 1 a d' a Aaa 1 1 9 3 Qy Jq Y a
a5 uasn 100:100 Giadaas) lalunsleuen wenslreuenudrdana A ldasnans

eﬂ// A = 3 A IR 3 = o’ay 3 ' o
HgnNyU LEJE’)E‘T"IS11ﬂ”l’iLLEJﬂGI)”L!‘VIﬁiJ“]aljiiLlilﬂllsllsb'uﬁﬁaga"mi%m&lilll%Iﬂi’f)ﬂul%’ﬂ‘i/lﬂ (FUaN) dna
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oyd os/} 9 = 4 oa;l A Aaa o
55190 2 59 TaeldasazareTudenlaasenlaa 1 M asaaz 100 Yadans Wiaisazaislu

Y v Y Y Y
Fuvedlahiamwudun ldonnmsana @uuy) ldimsdedrsilutuasuae 'l

% a = FY g
msadlahiawuduaein

a9 H,0:DVB Taglddnsiaulsmasi 50:50 (iaaans) analaomsldnsie

A 2 v Y A Y
Y a Y o A

v A Y 09.1} A 3 9 IR Y 1 o o Y
llﬂﬂtlagﬂQﬂﬂhlﬂslﬁﬁ'lﬁmﬂﬂ'ﬁllﬂﬂ%u HJﬂllﬂﬂ%uqﬂﬂwﬂvﬁmﬂﬁqﬂl%NUWﬂﬂ (FUANW) ANAFIAIY

4 F4 Y
= o o Y o

H,0 A59az 50 aaans on 2 sou hduvesla hilawuguianald (Fuvw) mudle Cacl, 1o

Y
[ o

o o 1 Ao A 1 a =1 ) A A Ayya ya a
Mimssiarhdundundosgoonainlahiawudu i lahianudun lamy 13ngamngii o-

5 IR AITO

4

517 3.1 mawTonla hilawudulduians
Aal a d
3.2.2 MIm3suasazalenea ldaneanaooa (Polyvinyl alcohol solution) ANMYNYH
1% w/v

a a 4 o a a

MINTINAITATAENDA NI ABaNaed au1Tanssu1nMs1imea 1aila
J oy A a a 4 :} 4 = 9 = y

ueansaedazaisluii uaiilesninnea ijaueansaedazaleiil ldendedeaiinsiiuniuans

4 { a a 4 A -4 { y I 4
oz linea lhilauoansgedazais laassiy esazaren laiaz 1913luans Stabilizer 1o

HosfiumssmainuueseauoUDIDS
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an = o Y o dy ) a a 4 o %
Amawioudisazatei laaeil daned hilaueansaadniin 5 nfu azawlu
:/ ) a a aa QaJJ 9 A 1 < Y KX o A
hnauliuag 500 Jadans MniunIuas Tlaens 4nTesnauuiian udriuhasazated
<3 1 < ! a
1alnulaua Taenu IANgaungiides

QU

3.2.3 MsaniHINIWAENaeIsIINIIA

Y 4
Ay A v

=~ AdA g Y] 1 IJa :j
MIATIVINTTINANTTMIN Tuanan1e Tuanadetl 19350 sanimiin
TuanNave9e195550A a1l s e100nEnd Y (Oxidation reaction) $InAUMIIWE1 Tag]dnau
A . . £ o Y 1 a = Qs: o 9 gl @
A4 (Sonication) #9z IN a8 1UD9819FT5NAUANDDN LazlvWIadUas K1l
& Aas Y] dal ) 3’ o YY) a d v A Y o
Tuanaanas ¥9lTmsAs F01i1e191151 20 NSURAUNUAIDNT IaFAIn13197 3.1 HAIRINS
] A A A . I ] ady Yy
AIUABIATBINAUAIIND (Sonication) T1na1 1 F2Tu9 ANALABUIITITUIIAN IAAINT
9

o v a v a4 Y Y, =
Hoa mﬂuua$mEJmElI‘Vlgﬁ)uumﬁﬂmﬂﬁ)um@ﬂﬂﬂ u11ﬂ9U1WLLWQ1u@,auqmumu1ﬂ1ﬁ 1NN

o953 50ma lldunszriae li

d‘ a @ a sAq Y 31 o a
M1519N 3.1 ﬂill'lﬁﬁ@')’t’]@ﬂ“]f]’lﬂc]ﬂl‘l"]fcl,uﬂ'liﬁﬂu'lﬂ‘llﬂjulﬁf!ﬁ"ll@\‘]ﬁn\?ﬁiilﬁﬂﬁ

¥iAUeIFI0and ladk 5103
(Haaan9)
H,0, (30% w/w) 20
H,0, (30% w/w) 40
K.,S,0, (5% wiv) 20
K.,S,0; (5% w/iv) 40

(Y4 d
3.2.4 msdunzvioymaned lahiawudy

[ 4 a a [ o a J
msduasizdoymaned lalidaudu Idnszurumsdunsizinodos

= Y 4 a a S dy 9 S v oAaAa
HUULIUADY FIMTAUATIZHEYMANDA la Talwuduiiazisznondis ueusiues A315u
Aaaa a a J @ @ J
Ufnseriaazarelua1sdunsd (Ol soluble initiator) @151 0IAUNMTTINAIVOIHIANDUDINDS

:j A 9 @ = = Y a a = A v <3 % <3
uazii e I dudnlSeuiisuduned la lhilanuduunlganfuesnazianinuiluiaeny
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AIMNIDU HINITNITAIU
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o ~ Y I zﬂy = Y]
¥9DVB uaz BPO awasun 3.2 azawldiuasiiemennu Wla\i”lﬂﬁlu

a a Aaa o’/’ y 9 d‘ a 4 .. [
@15aza19 PVA U51u1a5 150 Uadans mﬂuu‘ﬂuﬂaﬂmsaﬂaim"lm%i (Homoginizer) %131

v
S A

U ' 4 09/’ o {
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o o A S Aq Y A A Y] @
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18 vazifivldvaa A neurnives el inseiiasnageuauiiane 11

q U

d’ A 9 Y] 4 a a =1
71131491 3.2 ’dm33‘ﬂGl“lfsl,umimmiww@umﬂwaa%%uammu

a151Adl YSanamly
(2)
DVB 15.0
BPO (8% wt) 1.2
PVA 1.5
HZO 150.0
HINEIHe) anngildlumsnaaes :  quugl 80 esruLAITod

{ [ 4 Q‘J
namlslumsdunsizy 8 92Tue
[ < y 1 =1 =
a5 152 Tumsilu 5,000 seUABLIN 1181 5 WIN

(Y] d a a = a s Y 3| Y
3.2.5 msdunszvived lahilawudwenssssumnaunlgaiiguesnazianniniluTag
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o d' o v & A o
%3 DVB NR OD BPO eua1519% 3.3 amiumay lidluiio@edny maalallu

a A Aaa QaJJ Iy Y A a s A =
f15aza18 PVA 151105 150 Jaaans amiviludlamnsealaTud luwes iiowssuvieanonus

S Y o Ay Y o P A ~ P A o

woes uanihasazareh ldmaslugadunsizinguvgil 80 esrusaitod neldanziliung
9 o S o A ) =< o 3 A o ~
Tulasiou Taeldnarlumsduasizd 8 ¥2lue ieasy 8 ¥ lusdsihmanunedmesundyai

13 A neunaiivod e Iz vuasnadouas 11

q U

dy o = a 3’ -9
Taglulassnuiagiinsfny wavesluamazimiin Tuanave 119

v a

Aada a J
‘ﬁiiﬂJ%WIVIll@]i’)ﬂﬁlﬂﬂWi’]ﬁmﬂiuﬂﬂ"ga

d‘ A 9 o o a a = a A Y
f13149N 3.3 ﬁﬂTJg‘ﬂﬁl"]fGluﬂ"liﬁ\i!‘ﬂﬁ?%ﬂ‘W’Oall@luhuaLTJU“]fl!/fJN‘ﬁﬁﬁN%WQLlﬂﬂ%aﬂﬁM@ﬂﬂﬂgmﬂ

L)

3 o 3 9 A s 3 J A
Lﬂulﬂu')ﬁ'ﬂlﬂﬂﬂﬁWNiﬂu V]Lﬂf]ilclfuﬁ@ﬂ\‘l‘]"U’ENEJN‘ﬁiﬁiJ“b'W]

%NR
0 0.5 1 2.5 5

a1t

DVB (g) 7.5 7.5 7.5 7.5 7.5
NR (mg) - 37.5 75.0 187.5 375.0

oD (g) 7.5 7.5 7.5 7.5 7.5
BPO (g) 0.8 0.8 0.8 0.8 0.8
PVA (g) 1.5 1.5 1.5 1.5 1.5
H,O (ml) 150.0 150.0 150.0 150.0 150.0

HNYLie a) NR = Natural rubber, DVB = Divinyl benzene

b)

OD = Octadecane, BPO = Benzoyl peroxide
PV A = Polyvinyl Alcohol

NR Hiwiin Tuana (g/mol): 308,130 , 162,519
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L‘Uumullﬂﬂ%aﬂﬂua@ﬂmmmﬂu
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!ﬂuﬂﬁﬂlﬂﬂﬂﬂWNiﬂu
d' o 4 a a =\ a A Y I o <
ETJVI 3.2 ﬂ1§ﬁ\1lﬂ§1$‘ViW@al’lﬂll'JuﬁLchlfu/ﬂN‘ﬁii3J6]5W]Llﬂﬂ‘j‘)jﬁﬂ‘lﬂ[N@@ﬂ@gmﬂlﬂulﬂuﬂﬁﬂlﬂﬂ
Y
AITNIDU

DVB+NR

PV A Solution

: A
unenies Homoginizer T

(5000 rpm 5 mﬁ)

A2130133 200 rpm T
gauvigi 80 °C 1ua1 8 hr
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3.2.6 mimanvmzmwwuazma@uauumeamgmﬂwaamamazwammﬂmﬂqa
3.2.6.1 NM19111% Conversion

dumsnulesiGuanvevemosasu liifuneames lumsduniizy Faild Taads

4 A A o R g‘ o A ] a I o N Y 4 a A
DIYQUUINUASVUNIUINUNINUUUDU 1/?EIWW’E)ﬁLllf]iﬂﬁﬂlﬂi?%ﬁqﬂﬁﬁiuﬂﬂﬂ@@juluEJ?J
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c Wlunal 4 ¥ 1ug
S 6w A A v o= 2 ™ Y o ' k4 ™ P Y o A
iU IgeQlHlenINFe TuNntimiin 1ahouAeIIIMINAIN LAIMIUIUNDNI %

Conversion

gasilFlumsmiuin

v v

% Conversion = | H1HHNHAOD x HIHUNITINVDIASHAN - OD - BPO - PVA Kk 100

Wnnnouey

#%1n DVB

1 a d
3.2.6.2 M3n33993U919v0aneamsHA Y

3 ' o o i ¥ Y 9
Wunsanuigilinuezdanyuzdnvazvownlgainionld Tasldndos

o

@ ) 4 Yo o a 7 o N Y ¢ D, J
ﬂa%iiﬁuuﬂﬂﬁl(’]ﬂlﬁ\‘lcﬁ\iﬂ'ﬂlﬂ@\‘]u 1’iﬂﬂW'ﬂaluaiﬂﬁ\i!ﬂﬁ'lgﬂhlﬂaQUUﬁUIaQ 1-2 Yige ualvgaul

o S v o o ' P v Y, . . o
navaslianiies vniuriuiualad lasivaeudlended Optical  microscope  1ABAY

=

o o 9 Y A q Yo Y} '
ﬂ'la\‘lellﬁl'msll@\uauﬁslﬂaﬁ’lﬂ 10x llazlﬁl‘lﬁiﬂajﬁﬂﬂ 40x Lme’Ji}@,gﬂ‘iN
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3.2.6.3 MInaaoUANITANIANNTOU
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ece .
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aanniuazlSuaanudeulumaasuaoiuzaivisonila lasldiaies

Q U

Differential Scanning Calorimeter (DSC) (DSC 4000, Perkin Elmer, USA) Tagldanzaane i

QN TuMInado 0-40 °C

@ < (@] .
ﬂ@]ﬁ1l531Uﬂ1§ﬁLLﬂu 5 7C/min
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meldussermaunalulasau

Usunaanusoulumsnlasuaoiuzausoiiuram ldanaums

Jg-OD = (A/B)x 100

A =H.or Hp mmaaﬂmmmﬂuﬁgﬂﬁ’u (J/g-sample)

B = %0D luunilgaildnin TGA me3 Tuunsu

msamefuiiesnnanudon
gangiilumsaaedivesesnazianinutayedfilsznouvessneamwesuailya
ﬁ”liJ”liﬂ‘Vﬂnl??]}Tﬂﬂi%}Lﬂéﬂﬂ Thermogravimetric analyzer (TGA) (TGA 4000, Perkin Elmer, USA)
Taeldannzdade il $r0gumgilunsnageu 50-550 °C
oasusr lumsiianwfon 20 °C/min

meldussermeunalulasau

3.2.6.4 ﬂ]iﬂi?‘i]“r‘i11311’1‘1%\13»1!@%@%0381@5iiu‘lﬂa
mim’mmifmﬁﬂimaqafmﬁiwmam:u13amaﬂm"l$fhﬂ°l%’m§'m Gel
Permeation Chromatograph (GPC) Taglda m’szﬁaﬁy
Column : Thermostatted Column Compartment TCC-100
Mobile phase : Tetrahydrofuran (THF)
Flow rate : 1.00 ml/min

Temperature : 40°C

d
3.2.7 mamasuddleneaesunilya
Y H
Tuauideil lasimsindeudifhe (Cotton 100%) @28 PDVB/OD/NR uailaad
= aa av o 1<

1030314 1AeATLUIUMT Pad-Dry-Cure ttazl¥ezasan 85adu (Acrylic emulsion) 1Wuans

o A . ~ :JI @ dy

A%ou (Binder) Tnolidunouadl
#INIWay PDVB/OD/NR uatlganuaisansouionsaina199a9nni1ai 3.4
A [ v 1 v Y 4
vintiuhditheuua n3192.5 em 817 6 em $1uau 55U FeFahminudguasluasnauns

9 = Y o A a [} [ o A g; A a
“h‘ﬂizmm I 4N umm”lﬂamnamwgu 100 °C Wunar 5 i e zvenn UADNYUNHY
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P. Chaiyasat*, A. Chaiyasat, P. Sirithip, V. Voranuch, C. Waree and K. Songkhamrod

Rajamangala University of Technology Thanyaburi, Department of Chemistry, Faculty of Science and Technology, Klong 6,
Thanyaburi, Pathumthani, Thailand 12110

*E-mail: p_chaiyasat@mail.rmutt.ac.th

Abstract: The encapsulation of heat storage materials
such as tetradecane, hexadecane and octadecane (OD)
has been extensively studied using various techniques.
The Self-assembling of Phase Separated Polymer
(SaPSeP) method is one of them widely applied for the
preparation of polymer capsule encapsulated heat
storage materials. In this study, the core-shell
polydivinylbenzene  (PDVB)/natural rubber (NR)
capsules encapsulated OD was prepared using the
SaPSeP method by microsuspension polymerization. The
mixture of dispersed phase consisting of DVB, NR, OD
and benzoyl peroxide was added in polyvinyl alcohol
aqueous solution and then homogenized at 5,000 rpm for
5 minutes. The obtained monomer droplet emulsion was
subsequently polymerized at 70 °C for 12 hours resulting
in PDVB/NR capsule encapsulated OD. The influence of
DVB:NR weight ratio on the encapsulation efficiency and
thermal properties of encapsulated OD were
investigated. The prepared capsules were observed by the
optical and scanning electron microscopes. The thermal
properties of encapsulated OD were determined by the
differential scanning calorimeter and thermogravimetric
analyzer.

Introduction

In recent years, microencapsulation of heat storage
materials have attracted for many applications such as
air conditions of building, solar heat storage and
thermal adaptable fibers [1-3]. Paraffin waxes such as
tetradecane (TD), hexadecane (HD), octadecane (OD),
nonadecane (ND), and eicosane are useful as one
group of numerous numbers of heat storage materials
that melt and solidify at a wide range of temperatures,
making them attractive for many applications [4].
Several methods have been carried out to prepare heat
storage microcapsules. The in situ polymerization to
fabricate the microcapsules and nanocapsules
containing OD core with melamine-formaldehyde
shell [5], resorcinol-modified melamine-formaldehyde
shell [6] were reported. Three types of paraffin waxes
(HD, OD and ND) were encapsulated through complex
coacervation of natural and biodegradable polymers,
gum arabic-gelatin mixture [7]. PS microcapsules
containing paraffin wax were synthesized by
suspension like polymerization [8]. The Self-
assembling of Phase Separated Polymer (SaPSeP)

method is one of many methods applied for the
encapsulation of them [9-12]. The polymer chains
formed during polymerization in the monomer droplet
are diffused and trapped near the interface based on
surface coagulation and gradually piled at the inner
interface resulting in a polymer shell. After the
completion of polymerization, heat storage material
was encapsulated inside as the capsule core. We have
prepared the microcapsule of Polydivinylbenzene
(PDVB) encapsulated OD (PDVB/OD) by
microsuspension polymerization utilizing the SaPSeP
method. The prepared capsules are spherical with
smooth outer surface. However, it was found that
some of the capsules are broken during drying process
possibly due to the hard property of PDVB shell.

Natural rubber (NR) is one of the most important
biopolymers in Thailand. It displays excellent
elasticity and flexibility widely used in various
applications such as medical grove and tubing. Then,
the incorporation of NR in PDVB shell is interesting to
reduce the utilization of petrochemical monomer and
improve the mechanical properties of the capsule.

In this study, the preparation of microcapsule
encapsulating OD in polymer composite shell of
PDVB and NR (PDVB/NR/OD) was carried out by
microsuspension polymerization utilizing the SaPSeP
method. The influence of DVB:NR weight ratio on the
encapsulation efficiency and thermal properties of
encapsulated OD were investigated.

Materials and Methods

Materials: DVB (Aldrich; purity, 80%) was
washed with 1 N sodium hydroxide (NaOH) and
distilled water to remove polymerization inhibitors
before use. NR (Thai Rubber Co., Ltd.) was oxidized
with hydrogen peroxide to reduce the molecular
weight. The number-average molecular weight of NR
used in this study is 45,000. Poly(vinyl alcohol) (PVA)
(Aldrich; degree of saponification, 87-90%) was used
as received. Reagent-grade benzoyl peroxide (BPO)
was purified by recrystallization. OD (Merck; 99.5%)
was used as received.

Microcapsules preparation: The microcapsules of
PDVB/NR/OD were prepared by microsuspension



polymerization under the conditions listed in Table 1.
The homogeneous organic phase of DVB/NR and OD
at the ratio of 50:50 %wt/wt (approximately 10 %wt of
aqueous solution) were mixed with BPO (8 %wt of
monomer) and then added to the aqueous phase
containing PVA (1.5 g of PVA in 150 g of water).
Emulsification was carried out by high shear rate at the
speed of 5,000 rpm for 5 min resulting in the organic
phase droplets dispersed in the aqueous medium. The
resulting emulsions were transferred to the reactor and
polymerized at 70 °C for 12 h under N, atmosphere.

Table 1: Recipes for the preparation of PDVB/NR
capsules with encapsulated OD by microsuspension
polymerization® of DVB/NR/OD droplets prepared by
homogenization®

NR (%w of DVB)

Ingredient 0 1 2.5 5
DVB (€] 7.5 7.5 7.5 7.5
NR (2 0.0 0.075 0.188 0.375
OD (g) 7.5 7.5 7.5 7.5
BPO (g) 0.8 0.8 0.8 0.8
PVA (2 1.5 1.5 1.5 1.5
Water (2 150 150 150 150

a) 70 °C, 12 h, N,
b) 5,000 rpm, 5 min

Characterization of microcapsules: An optical
microscope (OM) (SK-100EB & SK-100ET, Seek,
Seek Inter Corporation Ltd., Thailand) were used to
investigate the morphology of the surface and the inner
structure of the microcapsules. The OD content in
microcapsule was  determined with  thermo-
gravimetric analyzer (TGA) (TGA 4000, Perkin-
Elmer, USA) using heating rate of 10 °C/min. The
latent heats of solidification (Hs), melting (Hp),
solidification (Ts), and melting (T,) temperatures of
OD encapsulated in microcapsule particles in aqueous
solution (solid content: ca 10%) were measured with a
DSC (DSC 4000, Perkin-Elmer, USA) under a N, flow
with the scanning temperature range and rate of 0-40
°C and 5 °C/min, respectively. To compare Hs and H,
of the encapsulated OD having different wt% in the
capsule particles and also pure OD, the Hy and Hj
values were used in the unit of joule per 1 g of
encapsulated OD (J/g-OD). They were calculated from
the cooling/heating peak area of DSC thermogram and
OD content obtained from TGA analysis using the
following equation.

J/g-OD = (A/B)x100
Where

A = H; or Hy, of encapsulated OD in microcapsule
dispersion obtained from DSC thermogram (J/g-
sample)

B = %O0D in microcapsule dispersion obtained
from TGA thermogram

Results and Discussion

The PDVB/NR/OD microcapsules prepared with
various weight percents of NR were observed with
OM as shown in Figure 1. PDVB/OD capsules were
shown in Figure 1(a). The particles were spherical and
OD core was completely encapsulated with PDVB
shell. When low NR contents were incorporated,
microcapsules were also prepared. At 1 and 2.5 %wt
of NR, the capsules were spherical with complete
encapsulation of OD as shown in Figure 1(b) and (c).
However, at higher NR content, heterogeneous
particles were formed.

) 25%

Figure 1. The optical micrographs of PDVB/NR/OD
particles. NR (%wt of DVB): (a) 0; (b) 1; (c) 2.5 and
(d)5

These results suggested that the present of low
concentration NR did not inhibit phase separation of
PDVB chains formed during polymerization in the
monomer droplets. Therefore, polymer capsule could
be formed. Nevertheless, the increases of NR until
reach the critical value reduced phase separation due to
high internal viscosity. In this case, the formed PDVB
could not diffuse to the droplet interface resulting in
heterogeneous morphology particles.

The thermal properties of encapsulated OD were
measured with DSC. DSC thermograms of
encapsulated OD in PDVB capsules (Figure 2) showed
that the H,, (153.0 J/g-OD) and H; (151.8 J/g-OD) of
encapsulated OD were lower than those of the bulk
OD (241.7 and 247.0 J/g of H,, and H;, respectively).
In the case of phase transition temperature, T, of
encapsulated OD (28.3 °C) was almost the same as
that of bulk OD (30.0 °C). In contrast, T, was shifted
to the lower temperature comparing to bulk OD. This
occurrence is namely supercooling.
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Figure 2. DSC thermograms of bulk OD (dot line) and
encapsulated OD (solid line) in PDVB particles
measured at the scanning rate of 5°C/min

In the case of PDVB/NR capsules, the thermal
properties of encapsulated OD were similar as those of
OD in PDVB capsule. H,, and H; of encapsulated OD
were much lower than those of the bulk ones and a
little lower than those of OD in PDVB capsule. It may
be due to the present of NR in OD matrix reduces the
crystallization of encapsulated OD. However, the
increase of NR weight percent from 1 to 5 did not
show significant effect on the thermal properties of
encapsulated OD (Table 2). T,, of encapsulated OD
was almost the same as that of bulk OD while T, was
shifted to the lower temperature comparing to bulk
OD.

Table 2: Thermal properties of encapsulated OD in
PDVB/NR capsule prepared with various weight
percent of NR

Heat of transition (J/g-OD)
NR (%wt of DVB)
Hs Hm
0 151.8 153.0
1 124.2 129.2
25 126.3 124.8
5 128.1 144.2

TGA analysis showed the degradation temperature
and the composition of the capsule. The degradation of
PDVB/NR/OD capsule composes of three steps of
water, OD and PDVB, respectively (Figure 3(d)). The
NR (1 %wt of DVB) degradation was not observed
due to low content.
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40 1
30 4 (d) (c)

20 9

Weight (%)

0 200 400 600 800
Temperature (°C)
Figure 3. TGA thermograms of (a) bulk OD, (b) NR
latex, (c) PDVB and (d) PDVB/NR/OD capsule
(1 %wt of DVB) measured at the heating rate of
5°C/min

Conclusions

The microcapsule of PDVB/NR encapsulated OD
was successfully prepared by microsuspension
polymerization utilizing the SaPSeP method. The
increase of NR content gradually reduced phase
separation of PDVB formed during polymerization
due to the increase of internal viscosity. At low NR
content, 1 and 2.5 %wt, the capsules were obtained.
However, at 5% wt, only heterogeneous particles were
found. The thermal properties of encapsulated OD in
the capsule were lower than those of bulk as in the
case of PDVB capsule. However, there is no
significant influence of NR content on the thermal
properties of encapsulated OD.

References

[1] JF. Su, L.X. Wang and L. Ren, J. Appl. Polym. Sci. 97
(2005), pp. 1755-1762.

[2] S. Peng, A. Fuchs and R.A. Wirtz, J. Appl. Polym. Sci.
93 (2004), pp.1240-1251.

[3] J. Cho, A. Kwon and C. Cho, Colloid Polym. Sci. 280
(2002), pp. 260-260.

[4] G. Sunand Z. Zhang, Int J. Pharm. 242 (2002), pp.307-
311.

[5] X.X.Zhang, Y.F. Fan, X.M. Tao and K.L. Yick, Mater
Chem Phys. 88 (2004), pp. 300-307.

[6] H.Zhang and X. Wang, Colloids and Surfaces A:
Physicochem Eng Aspects 332 (2009), pp. 129-138.

[71 E. Onder, N. Sarier and E. Cimena, Thermochim Acta.
467 (2008), pp. 63-72.

[8] P. Sanchez, M.V. Sanchez-Fernandez, A. Romero, J.F.
Rodriguez and L. Sanchez-Silva, Thermochim Acta 498
(2010), pp. 16-21.

[91 M. Okubo, Y. Konishi and H. Minami, Progr. Colloid
Polym. Sci. 124 (2003), pp. 54-59.

[10] P. Chaiyasat, Y. Ogino, T. Suzuki, H. Minami and M.
Okubo, Colloid Polym Sci. 286 (2008), pp. 217-223.

[11] P. Chaiyasat, Y. Ogino, T. Suzuki and M. Okubo,
Colloid Polym Sci. 286 (2008), pp. 753-759.

[12] P. Chaiyasat, T. Suzuki, H. Minami and M. Okubo, J
Appl  Polym Sci. 112 (2009), pp. 3257-32



Oral Presentation



	ปกรายงาน.pdf
	กิตติกรรมประกาศ.pdf
	บทที่ 1.pdf
	บทที่ 2.pdf
	บทที่ 3.pdf
	บทที่ 4.pdf
	บทที่ 5.pdf
	เอกสารอ้างอิง.pdf
	ภาคผนวก.pdf

