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Abstract

The aim of this research is to functionalize acrylate group onto natural rubber molecule
in order to improve the reactivity of the rubber molecule for photocrosslinking. Natural rubber
latex was firstly epoxidized then oxidized by periodic acid, at room temperature, giving rise to the
low molecular weight natural rubber latex. The low molecular weight natural rubber latex was
then being acrylate modified with acrylic acid at 50 "C. The acrylated epoxidized natural rubber
latex was then radiated with UV of the wavelength 256 nanometer for 30 minutes. Darocure 1173
was used as photoinitiator in the photocrosslinking process. The crosslinked film was
characterized, using FT-IR, and dissolved in toluene. It was found that the extent of crosslinking

was increased as the amount of photoinitiator added was increased.
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2.2 M3111 Epoxidized Natural Rubber Latex (ENRL) #azmsaaii#inluanaves

#1955 INVIA [2]

Y
A o

v v
ms dthensitimin Tuanadasdivaneds wu m3lduas I¥nszuiums Oxidation tay
9 (Aaaa 3 9 A A a Aaaa o :JI 9 F) dgl 1
M3 19[A501 Redox 1dudu iworiuanuansalumsimaljisendumsasdulduniu dewa
YA (A a A d? 9 L] < a A g’ o
TnfifsmamsimeamsvouTosgeuaw lude pe19 lsnawiszansamlumsaniiimin

4 1
Turanavesenaluuaaz 351udl lumiiu dwaasluasied 2.1

v v v 1 Y
M99 2.1 uarasanimin Tuanamas Tasswauuesosiaatimiin Tuanad1e35m15a19 9 [4]

Methods of synthesis M,
Redox method 3,000-35,000
Photochemical 3,000-8,400

Oxidation 2,500-3,000

Y
° @ T RS . .
ﬂ']ﬁaﬂu’lﬁuﬂh\llﬁﬂ‘ﬁﬂlﬂﬂfﬂﬂﬁ}'}ﬂ Periodic acid 1JUATMIUVY Oxidation 1A8NTEZUIUMS
2 g o . . ' A o Y = ' . A '
ITUAUIINNITNT Epoxidation NOU LWE’)VI”IGLWﬂ"IEJiuI?JLaQa“U@QfJ'NlI‘I’ﬁsj Epoxide mm"l’mami
Y
nelnsernuTuanaves Periodic acid hldaunsodaae T4 Tuanavesensldaru Tasnsi
Epoxidation 9211 Natural rubber latex N 20% Dry rubber content WA Formic Acid 19111/Aou
9
dedadIu [HCOOH]/[polyisoprene unit] = 0.3 mol/mol NIUIUAY Hydrogen peroxide Tu
1 9
dadiu [H,0,)/[polyisoprene unit] = 0.3 mol/mol FINIANATATNIADIADUANDENIF Formic
. o Y A v W . Y I . . A g Y o Aaaa @
acid WWMHUIMNTINAINY Hydrogen peroxide Tnaenilu Performic acid ‘I/lWiE]SJL"lITVIT]JgﬂiEﬂﬂ“]J
H A

Wuszguesen Ufnsenaunsanalddngungil 60 °C 91M1iuT9i1 Epoxidized natural rubber

Y
latex ‘lﬂaﬂﬁmﬁﬂimaqamﬁ’w Periodic acid 1A34a519U04 Epoxidized natural rubber latex LR

AIFUMITN 2.1

CII:[ C|H3
-{-CH2~C=CH—~CHE—),,,—E-CHZ-—CC}JH——CHZ%;
O

auman 2.1 neaa lasaad 9o Epoxidized natural rubber latex [2].

a Jd a 1 o a v 4
M3 ARSI Epoxide amnsaih1 lananed awaasluaisien 2.2
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H a o a 1
MM319N 2.2 LAAINANITANTIE 1IN Epoxide 114819 Epoxidized natural rubber latex [5]

' " Elemental Density
Anticipated HBr Hnm.r. Cnm.r. ' Tg (K) 4
analysis (g.cm”)
0 - - - - 206.8 0.898
10 7.5 10.8 10.5 9.1 212.9 0.906
20 14.5 18.9 19.1 17.4 220.2 0.917
35 22.1 31.8 31.8 27.0 231.0 0.937
50 28.0 45.2 45.1 45.9 243.1 0.965
65 313 59.7 60.4 61.1 256.6 0.986
75 32.6 67.2 73.7 77.2 267.3 -
90 32.6 82.4 83.6 90.4 276.3 -
a based on amount of per-acetic acid added.

a

Y k4 v
dmsumsaaiminluanalaeld Periodic acid Wuamwisn ildngungives Tae

U

9 Y
Aaa Y o Aaaa o o o a I
Ugnsenludunsn Periodic acid zfingnsenuiiuseg nmiveznanmssmiluasilszney
a 9 4?’ . . . 9 o aaa S z a a 9 :;l
IBIFoUIY wag Periodic acid A liilgazendnasilasnanisuanesnvosasiFadouTiy
= 4 aaa a Yy A ldgl 1o a 1 . A S aw
awaumsi 2.2 Fulgisenzinalaanie luduegiudiummy epoxide 1ipanINTiHaNIITY
1 ] . ] Y Y o J a aan @ . . . Slddgl 1 Y
WUIMY Epoxide $ronszqulidiuszgamnsafal§isenny Periodic acid laaay dewalieons
Y 1
ENRL #da31msaatimiin luananganitensssusalng [2]
Y 4
msaatmin luanavee19a10751 Wusuna Periodic acid [H, 10 )/[epoxidized unit]

d' 9 aan =1 [l 1 1 g’ o Y d'
‘Vﬂ“ﬂuﬂgﬂ‘iiﬂ ZJNZWJEINNWﬂﬁ@ﬂ1u1ﬂuﬂIﬂJLﬁf}ﬁﬂJ@ﬂﬂN aataadlunisen 2.3
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v H Y H
@ 1 @ 1 . . . 9 o % 1
31N 2.3 AT NUAAIRIBINTATIY Periodic acid N1Fiazimain Turanainaiag  [2]

[H,IO,J/[epoxidized unit] = 0.51 mol.mol”

Reaction time (h)  Epoxide content (%) 1\_/[W (x10% M, (x104) I
0 20.4 91.41° 14.58 6.27
2 204 26.36 1.11 23.79
4 22.2 12.41 0.68 18.17
8 21.8 9.89 0.74 13.28
12 214 4.98 0.52 9.67
21 21.6 4.45 0.45 9.86
30 19.8 4.16 0.46 9
* Polydispersity index.
HOH
M = w-hM«
% ¥ : wF ¢ v
|
l H,l0,

oS S W

(I)H ti)ll

H HO OH 0 O OH

[ o + > [ < e Jg_\\g | < ]
OH o E. OH o} g OH

H o
M‘/W—M
+ .

v 9
aumsi 2.2 uaagll§nsemsaniimiin luana lag Periodic acid

aaan A A A = 1 <
nnlgnsenuaasluaunsny 2.3 Tuanavesenavziivigareilu Carbonyl uaz

Hydroxyl group ATRRY
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2.3 M3 Acrylated Epoxidized Natural Rubber (AENR)

‘]Jf]ﬁ?fl”l Acrylation U84 Epoxidized natural rubber ﬁ@ﬂf}ﬁ?mﬁﬁﬂﬁlﬁwgﬂqﬁ”uxﬁaclﬁ’
GRIRFLIGE Photocrosslinking 18 Tag

H. Lexuan 148 C. Decker [1] hléfﬁﬂ‘hﬂﬂﬁﬁ?ﬁﬂ Acrylation U8B epoxidized natural rubber Gl,u
Fhazans Toluene TagnuT1 wn1dena ENR anwidudas 50 % Taeinnin uazld Acrylic acid
USinar s mihwealSnaniferns Tashgasnigungivszna 35 esrnmafea Wuna 16
#Tu9 anagnousdiommuea aunsoilfiaa Acrylation T8Uszana 30 % UgAsmmsiia
acrylation LAAIRIANMIA 2.4 tazdanuIiua acrylation i ausaFanaveesiine

A 9 = va Aa A
M3 Tosaaaalautarinana

(e Ha CH, CH,
—ecni—c==cH~~ch};{—CI+I,—(I:~-~<|:H—¢H2 .
Q oH cH,
0=C—CH=CH,

aumsh 2.3 uaaalagaadiaved Acrylated Epoxidized Natural Rubber (AENR) [1]

2.4 M3M Photocrosslink U849 Acrylated Epoxidized Natural Rubber (AENR) [3]
Turanavede199znaln3e1 Photocrosslinking 1o 1nseer3 19018 uiing Function mwz

Y o

A 1 d' = d‘ 1 ) ld' . L=} 1
ABNI Acrylate 1H93910U Carbonyl group A lasuas il U5EAN Conjugate DY inuiee

%

1 A Aaaa o [ a Aaa o 9 =\ AA A 1 A .. A

aemanalfnser dwisumsinalfnsosuiludestidisisuiiteslisendsie Photoinitiator 10
Yo o Ao dy = o a @ 1 L. Aa Y

lasusad uv astivzlimsuandniueyyaddss #10819U03 Photo initiator NHeu1%H 1-benzoyl-1

hydroxycylohexane  amsamamsuanda uda lilisumswnalgnsenuiuseg luluanaves

1971 acrylate 11¥i0A Crosslink Yu 18 daaasluaumsi 2.5 uag 2.6
hv
O 0—Or55
i | P
O OH O OH

aumsi 2.4 uaaalnsaa319ve4 Photoinitiator (1-benzoyl-1 hydroxycyclohexane)

HAZNMIUANAIVDY Initiator [1]
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C N
C—CH,—CH—C —0—C—¢
@ i Hy
o)
l + ANR
CT:Ha ?Ha
B T
9 7
@—:ﬂ:—cH,—?H—CH,—CH—CH,—?H—CH,—CH--—-m
Q (I:=0 . (i;zo
o] o)
- I
T o c
I |
CH, CH,

ANNIN 2.5 LLAAINITINA Photocrosslink VD Acrylated Epoxidized Natural Rubber (AENR) [3]
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UNnn 3

ad oA a v
IBNIANUUNTIVEY

3.1 MIm Epoxidized Natural Rubber Latex (ENRL)
v v
11 Natural rubber latex NUANVUNYUVDAUIDE19UHA (Dry Rubber Content, DRC) 20 %
= - d o A A @ & A gy
1AY Stabilizer (Igepal CO-890) 3 % Vo MiMeed Auastleadunal 2 1 Tue el

a

k4 9 v

wowTuiioszme lourua  nmiudainhenuiilgnier Epoxidation Nigmvgil 50  o9en

= 3 a Ia a 31 Y dy o
waked  MInHuaNnsanesin aﬂﬂiuﬂ‘smm 30 % Iﬂﬂu”lﬁuﬂ"ll@ﬂlu@fﬂﬂ LUAZNINITINIU
v oA 2y A A o q¥ . . R H g a
mmmmhhum 15 U LW@‘V”olVf Formic acid ﬁTNTﬁﬂﬂig’ﬂTﬂ@]ﬁqﬂﬂiuu%ﬂﬁ AMUUIAY

9 Y

Y] [ o ] Aaa o A I

Hydrogen peroxide ludadiu 30 % lasimninilesrsazniulilgnsoduiduliuna 6

%1139 AAYIYTUUMTIAA epoxidation

3.2 mmm’imﬁn’imaqammma Epoxidized Natural Rubber Latex (ENRL)
4 v
Tunounsantiniin luanaved Epoxidized natural rubber latex 1agfnyIHav0IdAdIU
Y v 9
Y94 Periodic acid Apn13antimiin Tuana (3391111191819 ENR 10 Periodic acid Tudadiu 1, 2,
oy v 4 aaa o A I ) { a 4 Qy
5 uaz 10 % Teevhwiniosns TRdgAseduiduliifunar 2 427w Ngungivies Wedug
AaAan o a 4 a = as tﬂ' g‘ ]
Ugnsen hlamsziinalasmatia FT-IR nazanuniialagdsansazasiverinimiinluana
Y
Taglumstaanunilavesmsazaeenaiiv  duiluns lagmsazateenaludriiazais Tngdu

a =

{ 4 S o
A1em3 Reflux o13luIngduiiguuigll 90 esrnwaiFen aazalenua WodsazaelEuaIag

Ll

o o A k4 A . A o A 3’ o
1!1"1‘]J3ﬂﬂ3"|3ﬂ/il!ﬂ A3YLATDY Ubbelohde Viscometer Lwammmwmamwummzumuﬂimaqa

3.3 Y38 Acrylation vosgnsiaai#inluananal (1o 3.2)
o o Ay v Py o (aana . A v P ~ -
inheenlannde 3.2 ui§asen Acrylation 5uanldanuseusuiigungil 40 o
Y b ) Y Y
aITed LaziAw Igepal CO-890 3 % lasthmtinilesns e liienuades Mm@y Acrylic
Y] 1 oy @ g Aaan o a I ) 4 Aaaa < Qy
acid Tudadau 50 % Tagrhwiriniioens IdgATod v luiduna 4 5T lelgsonasedu

a 4 a aaan a
AUANITICH WﬁﬂWiLﬂﬂﬂj‘]ﬂﬁfﬂ Acrylationiﬂilmﬂuﬂ FT-IR

3.4 M3ANYINSINA Photocrossliking Y9381 NENUNIZUIUMNS Acrylation 1182
v 2 1
TuduneuilezAnyidawavesTu1aves Photoinitiator #33311% 814 Acrylated epoxidized
liquid natural rubber (AELNR) thamii¥euleaditemsniesed UV Iaell Photoinitiator 719

Darocure 1173
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9 Y [ Y
VUADULLTN 1111819 AELNR ﬁfl 10 % "’UfN!ﬁ@ﬂN 1U5u 15 Yaaans 1Y Darocure
2 oy o < = 1 dy dy
1173 Y512t 10 20 tiae 30 % Tﬂﬂumuﬂmmmmﬂﬂ wautunal 10 N W]Glﬁ TULAYNTD
092’ @ 4 <3| a a
‘Nﬂuuﬂ']ﬂiﬁ% uv mmsmﬂﬁu 256 uﬂumm 1uan 30 L!'lﬁ 'Jlﬂ'i"%ﬁ’ﬂﬁlﬂﬂ Crosslink @91}'3‘(’1

MANA FT-IR HAZNAFUANIAANNAINT0 1UNTAZa18U09819NDULATHAINITINA

Photocrosslink
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UNN 4

Nﬁﬂ"Iﬁ‘ﬂﬂﬁ@ﬂl!ﬁ%%%"ﬁﬂiwﬁﬂ"ﬁﬂﬂﬁi’)ﬂ

4.1 M3ANHIM3NA Epoxidation Y9118
a d a . . Y a
4.1.1 MIVATLHINaNM3I0A Epoxidation AEINANA FT-IR
Y Y ] v
MUBTENNMITIGATeT  Epoxidation  weswnalinienney  ieiiugasinsda
v
minTuana ¥e381991 310D Periodic acid [2]
] d o { a g [ ] oy a o aaa . .
YR FURINATUNEIIMININEITNHANTINIRATe Epoxidation AN¥1910 FT-IR
v Y 1 1
Spectrum  Y¥oENFITNNAREVADIIONAIUMINIRATOT Epoxidation 1187 aegi 4.1
VoA 4 -1 g 1 ] 1 {
WUNAWEIINAY 870-880 cm” 11U Peak M5tane1s luauasveny Epoxide ttaziiniuen
A -1 < A 1 [ . as.t‘ A W 9
AQY 1240-1250 cm 11JU Peak N5IABENAUNINTVOINY Epoxide 1AM 2 peak amnsndudula

E4 ]
nmeluTuanavesseiing Epoxide inadiunda uanavedndamuiiiofiouny IR Spectrum Y99

oy a2 g av A .
1118195550918 Badlul)ea1mIfen Pinyocheep tazame [2] lasiean’l3

NR
=
3
<
=
<
£ ENR
g
=
s
= 3500-3200

1250
870
3500 2800 2100 1400 700

1
Wavenumbers[cm |

3UN 4.1 FT-IR uaaamsnlSeuiensswing s susaniens ENR
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d a U
4.1.2 M3BATLHM3LHA Epoxidation laanatinms lamsnny HBr/Acetic acid
a o Y {
MIAATIZH 1AoM 3 JainsAe1e ENR iU HBr/Acetic acid AMMIANYY 0.1481 M ANa1v04
UNTE AU HANMITNATDUTAIAINTIN 4.1

M3197 4.1 naasaan1¥lumsinail e Epoxidation 11az % Epoxidation 7118
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