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Abstract

In this research, rubber seed oil (RSO) was modified via epoxidation and hydroxylation together in one
step and two steps used as polyol for preparing to polyurethane adhesive. For the one step technique, the
modified-RSO (m-RSO) with various hydroxyl values at 140 and 280 mgKOH/g were obtained from the
reaction time at 4 and 8 h, respectively. Their chemical structure of m-RSO was also studied by FT-IR and
'H-NMR. It was found that the epoxide groups had remaining in their structures. Whereas, the m-RSO
from two steps technique was modified via epoxidation in the first step and open epoxide rings with
methanol to be hydroxyl groups in the second step. The m-RSO was successfully prepared and had no
epoxide groups remaining in their structures and gave hydroxyl values at 130 mgKOH/g.

The waterborne polyurethane adhesive based on m-RSO from one step was prepared with
hexamethylene diisocyanate and dimethylol propionic acid used as emulsifier. The mole ratio of m-RSO
and commercial polyol were studied at 1:0, 0.8:0.2, 0.6:0.4, 0.5:0.5, 0.4:0.6 and 0.3:0.7 by mol. The best
formula of waterborne polyurethane adhesive was the ratio of m-RSO/commercial polyol (1:0) led to the
highest adhesion properties on synthesis leather surface. In addition, the solution polyurethane adhesive
based on m-RSO from two step was studied by preparing from toluene diisocyanates and 1,4-butanediol
used as chain extender. The effects of NCO index and chain extender content in adhesive formulation as
well as cure temperature were also studied on the peel strength properties. The results of polyurethane
adhesive showed that the higher NCO index or chain extender content and the cure temperature of

adhesive at 70 °C for 24 h gave the higher adhesive strength of substrate.

10
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Favian D9 AULEY
LY o o 1 a < [
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m3lFdse Teminnwdasianis aulvgziunldlumsmizilundrens sadeairlyl
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Jd <3 o o Y < < 9 o o d & 4 A
wesiFudnnusenszanamniu dunuwaaes uudn 10w vlesiuaaiusenizanaunae

1 v 9 9

Uszanar 40-50% Lz lldgamszegsi Idaunldeanldsneg (gaiias, 2547) dniu
I - g 9 A 3 ' Y & 9 1y [ = 3’, o v
waneaws iy Huu vienauuiundi 10 Ju szganalded i liligue Bnnuudasanis 1y

a =y = W Yo ~ A ° Y & & a o dy 9 [~ A =3
o3 Taadeluldsuanuiiswdiorhn E¥inatse el Fenudteiiaz ldwaaeawmsinmae
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namzdgnsudaundadeninmamizlgnindlunuide uazditeataunigm 13 el
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o v v ¥ o <
16,900-33,800 AUHI N1 Mg InDAeMIFAALINUIINUAAY NI

' < =] Ay A o 3w < 9 [ g J
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o 4 ~ [~ %‘ LY .
msi lanyunenaailuiing lu Tefra (Ikwuagwy, ef al, 2000, Ramadhas, ef al., 2005, Melvin

(Y ' Y o =] A o v 1
Jose, et al., 2011) MAMIANEIEINLI Tnssadrsveniniumdasiansifian lisudreggedand
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80 % (INYUASYVAUA, 2550; Okieimen, et al., 2005, Aigbodion and Pillai, 2001) Iz Razying
o 9 A A A G [~ 2 Y =] = ¢ A 1 o a
ﬂml'l]ﬁ\1ﬂ'JEJ'J‘H‘VI'NLﬂN&W610’]5Ellll,‘ljuﬁ'l'5GN9’]‘Llnl‘uﬂ'lﬁm5fJilWﬂfl!llﬂi‘ﬁuﬂiﬁﬂ%Tﬂ?ﬂﬂ‘ﬁiiﬂ%Wﬂ Iﬂﬂ
FIUWUTERAINA1 (Okicimen, er al., 2005, Ikhuoria, ef al., 2007, Ikhuoria, et al., 2005, Bakare, ef al.,

2008)
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nszuIUMINGR FeTuIteeduinuelugishdiuunie ldlunsfunsigimedgimu (Kundu
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and Larock, 2005;Velayutham, et al., 2009; Corcuera, et al., 2010) U 1IN UDUNEBY WINUAUTA

A ¥ ) 2

. . ¥ o 4 ¥ o 1 o3 Y oY W a o ¥ ' dy A o o Y
(Linseed oil) Wiiuthaw HIHUATTN Wuay LANUINIAMNEINVINUNTH AN ABUINUN AT

3 o~ Q
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duiiuiyndniildlunmsgdlna ¥3 Taa Suwdn nazdailuiagaundnlumnialuledwaly

q

o =
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LYy ' Aaa 1 ¥ o < o v Y L A ° <
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2. Tngiszasnvedlasams

Y

v ¥ o o A qod
2.1 i’fuﬂﬁﬂﬁﬂﬂu']ﬂuiﬂﬂmaﬂEﬂ\iWWiHWfﬂﬂ)’LﬂUﬁWiﬁ\W]u
[ ey H a A ¥ o =]
2.2 ﬂWilTﬁﬂfNLﬂiWSﬁ'uﬁz‘Vlileﬁ\iﬁiJ‘UW’Uﬂ\1‘L!1EJN‘W'f]ﬁQiLWuﬂTﬂHWNNLNaﬂUNV‘HiW
q ¥ Y a a ? o o < a o
2.3 ﬁ"]ilTSﬂ’lJ'i%Qﬂ@li“lsf}u']ﬂNWE)ﬁg'ﬁl‘i’luﬂWﬂu'ﬂJuLﬂJﬁﬂEJN‘WTTH“]J‘Hﬂ"’Jﬂﬂ‘HuQ

- ' Y o A a £y a o
2.4 maJu“aﬂma:hﬂiﬂﬂﬂnumawmmaamﬂwawamm@mmwsawm (HUBATNNIT)
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3. MIATIVNAT

9
1 Ed

a o o 3 o ] . ~ < a : o o o
Glmm’mﬂu%zmumumaﬂEn\‘l‘mﬁ (Rubber seed oil) NT!W?EJ?JHJUW@E’I@E]Q %Qu’]ilulilaﬂﬂ'NW'ﬁ']

I Y o aAny =] a o a =t . . Aaad A <&
lﬂuu']UU‘V]hlﬂ"lnﬂUJaﬂfn\iWTJ'WW'Jﬂal')f]ﬂi1°]5!ﬁﬂu“lfﬁ (Hevea brasiliensis) V]ﬂJWHV]!W’]%ﬂgﬂW'J

9/ 3 1 1 ' [ Ao ¥ Y a
ﬂizlﬂﬁll‘ﬂﬂ uazmﬂmﬂumeﬂgmmaﬂmymaaﬂizmﬂ AR WNNITIUFUINAA1YV1IAAYTUD
<] 1 = s @ Y 4 o
wanazyiN EJTJTJ?%MTEIA 2-2.5 IHURLUAT ﬂ'?"l\'i“]Ji%ﬂﬂm 1.5-2.5 IFUALUAT TUN “]Ji%iﬂﬂl 3-6 N4 Lﬁﬂiﬂ

[ [ Y J ¥ o 4 = o a o3 4 o dy
liJaﬂEJN‘V‘I13WNWﬁﬂﬂL’OTL!']llqul'Jﬂ,u“LﬂlI‘L!LiJaﬂEJN‘W'IS"IiJﬂiﬂUl"lJ‘JJuWﬁWEJ“HuﬂLﬂu@Qﬂﬂi$ﬂ@‘U ANU
Palmitic acid 10.2%, Stearic acid 8.7%, Oleic acid 24.6%, Linoleic acid 39.6% (18 Linolenic acid 16.3%

(Ramadhas, et al., 2005)

'
gvdq %’d

¥ o o 3| = P A ' At e o) o o I 1
umumaﬂmqwnuﬂuumuwwuwm yavinodoou vmmmmllumiaumﬂﬂ'luazmﬂm u

H 4 ! @ = G}

wa @ i o a I a @
ﬁNUﬁﬂQLLﬁﬂQiu@l’liWﬁﬁ 1 ‘L!'Il]‘LlLilﬁﬂfﬂ\ﬁ/‘ni”llﬂﬂﬂ'lﬂLE]ﬁl@'lﬁ]ﬁi$ﬂ31ﬂﬂ5ﬂ"l‘lllluﬂ1jﬂalﬁh”ﬂiu

9 ?
o o

. Ao 1 ~ J . . a ¥4 A 4 a A .
(Glycerine) N38n71 lasndiae 154 (Triglyceride) Bnviailuiiniunitionly 2 ¥iia An Cyanogenetic
. . cq vl o m 2 4 A s .
glucoside 118 Lipolytic enzyme WM l#tiufivfununsagainios q denu i unuguaimveainiy
[} - [ = =Y % o 1 so‘ w < [
Tinad Salumuzlums 1903 Ina (ganila, 2547) Fansa luduiiny ldlniniuwdasansduaas
Juaseh 2

LY o

M Ed
MI197 1 AUTNUAU TN ULHAAYGINNTI (s, 2547)

[

GEN[9 NN INIF
ADIUENMEN NG 30 °C VOUNA?

@ (Lovinbond tintometer) 22R, 23.2Y
MANUDWTUNIZ (30 °C) 0.916
manuidunsa (mg KOH/g] 43.62

a3 lusiudase 214
Saponification value [mg KOH/g] 202.9
Ao Todu [g1,/100 g] 136.2

4 Y Y o =4 ..
ﬂ‘\i]ﬂﬁ 2 ﬂiﬂ"hliluﬁluu'lﬂuulﬁﬂﬂ'mwhﬁ'] (Okieimen, et al., 2005)

Sumiveuwesmen / Wuszg  nIaluiiv fdfudagen
C16:0 Palmitic acid 17.51
C18:0 Stearic acid 4.82
C18:1 Oleic acid 25.33
C18:2 Linoleic acid 37.50
CI8&:3 Linolenic acid 14.21
Other 0.63
Total 100.00

13



Y o <3 @ { L. J
gas Inseafinhduadanamnndwaaslugyn 1 iauelag Okicimen  ecal, 2005 WUM

¥ LIRY < o o v ¥ = 0 Y 5 o <
Tasaadvesiniwuaasiamnsidanwtu llIduniesiinisdandaslwanavesinivma
a3 Taeru Tasmshlgnsedwendiadunas leasendiadu e liiany leasenda (R-OH)

g Y ) L% o 1 o oy Ny / L
Jululnsead Famlassudanann swfadfasennlale s lseuuade lulunszuiumawion

WeayIINY
o
CHz ~0~C CHp~CHy~(CHy)s~CHy~ CH=CH-CH, CH - CH—CH, - CH=CHCH, CHs
O

| I
CH— O-C~CHy CHy(CHy)q~ CHp— CH=CH-CH,~CH= CH— (CH,)3— CHj3

i .
CHzfof‘c‘:*CHz’ CHZ*(CH2)4*CH2" CH—CH 'CHZ*(CHz)S*'CH3
0]

d' 9 % @ < -
510 1 gas Taseariadniumang w1 (Okicimen, er al., 2005)

[ = 9 [

~ ::y 9 %,' Y =3 At ,:y
Tuanudsetianuimsaaudaslassadainiuwaasanis lasidsNsael

(%

UATendwendiatu (Epoxidation) Aemisulasunussguoansa lviulidud (Unsaturated faity
¥

I ] o a o w =] N
acid) Thilumyansudwend (Epoxy functional group) 1ngA3 IAseaininiumaasawIsI wun

ar lidudavesnsaleadn lalwadn uaz lalwailnfiegiiuauuinlulassadra maihlgasn

/v

snendasuasuiuszgueansa luiu hivudlulasndmelsd Wihomiaiduswond Tagerde

Qv [

[=) o %’ v R A o A aan @ 4 d
NIZUIUNIT AD L!”I‘Ll111uclfﬂllﬂiﬂul"llllunlllﬂllﬁﬁlﬂWﬂgﬂiﬂWﬂUUlﬁIﬂilfﬂulﬂﬂiﬂ’f)ﬂUl%ﬂ (Hydrogen

o I @ ann 4 = ' do A =) o v
peroxide) HainsaWeiiin (Formic acid) 1Hudnislfizer eoiunylandudnontngsiuseq

L'l

19519 2

a

Formation of peroxyacid

H,O, + HCOOH HCOOOH + H)0

Epoxidation
0]

7N
~CH—CH— + HCOOH

~~CH=CH- + HCOOOH

H a ana y o ] ..
511 2 M3l A3e1 Epoxidation Ye 11 HNAAY19N131 (Okieimen, et al., 2005)

&4

aan a @ . A o aan =Y 1 o A =
2. UfAserleasendadu (Hydroxylation) fie msigisenisnanylandudnend Tasns

oy % = 3| v =Y [ ~
Wae Fevznadlungleasenda (Hydroxyl group) A931lii 3
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Hydroxylation

,/O‘\
—CH—CH— + H0

~HO—CH
OH OH

H a aan ¥ o <
51 3 MsinalA3e1 Hydroxylation Y8411 UINAAININII (Okieimen, ef al., 2005)
o Y 3 E Y 9 o Y a '
vinmsaaudaslianave T uuaae 1 awis i eay e Idawisaildinany
v A a X o auqy Y v A - Y a a )
lgnsondanaiu s ld ldensasduindenlumaadsunieonawedysmuse 1l
4 . A

a a I~ a P - 3 g‘;
wodgsmu iuwedwesnhaulunniigadimiia densaldaulunainwatsgtuuonalugy

]
¥y ¥

194619 Tlu mef Tunaradn 1dules saunaies msdszgndlfaulumandou n1 gilnssinig
msunnd orueud falszea wi sewh fudu sheswedgimuidlugliuumiaifinnud iy
nniuites 7 iflesniniidanarafiuthidanudasadedeguninueadls lila W uasidudias sy
Funadoudndae iz lFludiunn asndovin dnlszau dudu

Taoia 1y wedg3mudunedmesMiAannmsaeangumdn ldud a1sdsznoulavea uazlale-

T lesonue 1nad s emedme 151U step growth (wood, 1990) Aateraslugili 4

0]
HO-R OH + NCO-R NCO —~R O-C-N—R—
H
misisznovlasea la'loTa lgouua WOAYIINY

51l 4 1§ msfanedgEmuszninensdsznen lasearu lale Talxeuua

~ 1

¥ o o
ARIUNTEUIUNITHAAUIITINDAYTINUNNINNI 50 ?JV]N1H3J1!LE%I’J (Dieterich, 1981) UMIAAU

P

Fd
° a

an o as A Sl’o' a s Ao o Ao w A ?:z =
FEasnaaranedtie lveswedgsmuitimin luanage TasnanndiAgyfe Tuusnazes oy
a P ' =3 ¢ { ¥ o ° & - 1 A
winedwesnlvytateiiung lo T lssuuaiiihminluanad Tao lilazinssueglugiwinea-
o’é =Y é’ Aann 1 Y] ° d' =Y
o5 mmmumﬂﬂgﬂstnizw'mmaﬂszﬂau"lm)aaﬂummuinaﬂmﬂmuwmaﬂﬂllaTm'lcnmmm
d‘ g; o Y A a A Qs %,' Y o v =
Az an pnuui WS weawesnanuausalumsnszaiealluiin Tasezlddad1unes
o PN VRPN o { 4 a 'd wa o ara
Ednitesveediasiviood (Emulsifier) Mvuzeay s ldwswedwes tauimiluaislalasdan
- ' = 9 o Y a J 3 Y = 9
(Hydrophilic) eghaiisane luTasaas1a i ldwinedwes ensansznelui ldediuades vasvu

a A ~A Y

1 Z/ { o % g 1 . =y
ae'lufie T IiwedgimuiivhwinTwanagedulagldarsvereais 14 (Chain Extender) lavnd

U

) way

v t %,‘ a A { Sol o v 'o
wlFarslunquuesneiiu auti@auvenihoranedgsmuniiunminTuanage uanunilad
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A A S A ' = ¢’ @ A 7R < o 1 v I
wienntianuiluiiy wunngde Wesudadled Felinnuiiudunsivregunimvesdls uaziily

Aviuaaadou
.. o @ k4 ? o 3 o aan
Okicimen et al. (2005) ¥mssauasInssadeTuanavesinfumdasann lasmshlgns e

a a Y] ~ @ 2 A 1 LY =Y ° aan @ 1
swondatunas laasondadu ormunyilandu laasonda TumsvinlgaserdumyleTa leeuua

a a ' Y ? o =] o .~
Y09NTEUIUMTIAT BUNE AT IMY nuhmsdandaslnsadis Tuanave niniuwaasana THiivg

ay

¢ o ~ o o 9/% o Ay Y v Al o 2 A dy
ﬂﬂﬂ“ﬁullaﬂiﬂﬂ%ﬁ tazdai Ivdun lﬂNﬂ’ﬂiJT]uVﬂu@@ﬂWﬁgﬂ@@ﬂ%1@]%&@15‘141«!?1’31115@““’1%’1]“

Taganmsnaaedadusonuanuiou'ldng 8o °c

’ol v @ =)

s [} o o = 4 o
Lu and Larock (2008) siautlasInssafaveniniudunaeddwingeddulansonsa iweldei
ana o ) A - <3 ¥ a a o 3/ S A
Ufazerdule Ta lasnuaiowsoumilnhoamedgimu  Tasaaudaslaseainvesiniudumaes
o a = a P - o q Y g3 [] o a =] g’/ 9 a
Tasmsydwendatu iwenlasuiusegldilunylendusnend anuulsuniealumsilads
A o Y 1 =N a tg 1 2,1 @ o A - [} o o
owen'lad vz 1dnylaasendaiiaiu 1rnnisnaassnuininiudundesnlnylendulaasen
a a =aan [y Py =y I~ a A A < ~ [ ~
Faunavialaserdle Taloonunlaa uazinadlunedgsmuniinnuudausage Ja Tugdege I
wa a At ' A A X A ' I E
aufAFanana anuruulumsdon Toanuau T15uuaIuud (Hard-segment) 1INTU NUNY

1 g ) /
ﬁamm%’aummuwuﬂu

~

o % o < o o vy o
Bakare, et al, 2008 ¥uuhuudasawiswiuilunduidunedgsimulasld Toluene

o

Y [~ a
diisocyanate (TDI) 182 Hexamethylene diisocyanate (HMDI) uaz ldiniuwaneansuilunedesa
' = = 1 wa 1t .
nnmInaassnyNsiatazlSuinvedle Ty lysnualinaneautaveunuay UYsuia isocyanate
. 4 o f s A { o3| . o [
index #1150 IR 1AusuASuindausanniigauazmsld aMDI iy isocyanate 111951

crosslink density g9n11m13 14 TDI ndae
. a 4 a a 9}%’ a L= 2 Y g ¥ a =
Somani, et al, 2003 Fuairzvintawedgsmulagldiniuazyailumsadu nly wia teia
' v

I v o 4 1 [ ° o
7101 (Methyl ethyl ketone, MEK) 1fludivhazais e l41lszgnd luaw ¥ wuniidadiuvesiniu

o

' cv ?.7’ o ! ! 1 s
arvanuelsananlale Ta'lseuua (OH/NCO) (AU 1.3 naziniuazyand Hydroxyl value 1M1

9. [~ A P A ~ o A 9}% o | A
300 mgkOH/g Wanuudaussvesnnuuuieugsiigaiiaiioununianlfiniuas el Hydroxyl
value (MR 265 taz 249 awady uazgeannnaa i Tdmamsd
. = H a oA Y aa 4 Y g 2 kY
Rahman and Kim, 2006 t#3gunniienanedgsmulaeld weddmesnumsmuilumsasau lag
9
AnpnavestlSuanaIs¥IenIz1ea I (Dispersing agent, 2,2-bis(hydroxymethyl) propionic acid,
[ [~ =Y v H =

DMPA) aeanuuiauselumsdadauuuilen (Peel strength) w1950 DMPA 24.02 mol% A1

AMUUYALTVDIN1IFINNTAUTU Y DMPA 22.05, 17.03 uag 13.78 mol% mud 1Ay
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US6573354 (Petrovic et al., 2003) Hudniiasitnuinszuiumsaessunedosanntniung
t o o ¥ o § o Y = 4
nanlasaglfel¥nsanlefeondiutiniuie iedaulasTuanainiuiesliii Inssad9dnen lad
a g = Y o oA t!yl Y o a d @ Z ° o aan [y s ¥ @
e Bondniuieiin dniuswen lad vawindwhlivhilgasedu veanesed wazdause 1u

' - ° P ¥ o o ' 4 o
it 1¥nsaenlsuesn (Fluoroboric acid, HBE,) ¥ 1¥ ldwedssaniminiufisdnard et lu15iu

a a '

¥ Y G ¥ o A A Y ¥ o & =) 2 o v ¥ o a
mmmu“lum‘smwuwaaﬂimum"lﬂ umuwam“l%'"lmm HIWUDUN A ‘LﬂiJ'Ll”UTJIWﬂ wuoad

U

g @ a A g

i o (Y Y o a o 4 ¥ o . Y o o
UMUUHADNNTIUASIU UWNULNﬁﬂﬂTﬂ Wuihay divauaa u’]lluti‘wqfﬂ (Rapeseed  oil) UTWUAY

(Tung oil)

%’ Y = 1

WO02011/047369 (Larock and Lu, 2011) Husnsiasiwseniniuauvassdautasliivg

Qa

=& o

a = ' ) a = A ' o £ ~ ¥ a a

DNBNY Llazﬂgﬁdﬂﬂvu%ﬂsaﬂmamaﬂ 24 HIoNINAN WﬁﬂﬂTﬂuu%QuTqﬂlﬁilelu’]EJTQW@aQiW]u
° Aaan v = ¥ A d a =Y A ?;

Tavvinal§azenle To'lognua uagenssronszareas Inananiuilu noulelin uanlossiin niena

a A o/

) g . ¥
@04UUY (Amphoteric emulsifier) F3a3nszedunariiamnsarildnedgsmunszoedaluild
¥ A A Y ~ ~ ° o Al Y o =3 < I
e on'ld Tanuedes uazlivuiaoymaainaue unuildui latdnyuz tu l)sunse it
puUWataan dantamana tazaniannuiadssaeanuioud
F a a o { H a a 4
US5455293 (Wood and Burchett, 1995) (Hluansuinsimisun1niienaneagimueunilssad
I~ d' s = [ &l =Y A [~ 9 o
Tagmmwiziunimunzfunsan gouuauiNunaia taza SN T lisuma lag
A A ~q Vo Pt dy o ' @ = F '
maiumsyenlos gainnildiuaasluaiied 3 uenantinndinandiamnsamnu 1318w 1
Ao o ° o q ¥ PRV v A 1A '
Imvhazate uazassemesunn i lmiulse Teninudwadsy Taamwizluiin luliensaiem
2o @ P & = I3 A &2 A ) &
UBNIINHAINITI green tack ABoy wazitionNaNu s unuvwlonawu 1 2-3 47 Tus uag

~ 3 &
wlanuuIngalu 8-10 92119

. y .
ms1eh 3 gasnhenwedgsmuiiaue 13 lu@nsiing US5455293

GRFIGHY 5119 (phr)

Polyester-polyurethane latex 80-100

Polymer latex modifiers (such as acrylics, Styrene-butadiene, Carboxylated

styrene-butadiene Nitriles, Neoprene, Ethylene vinyl acetones) 0-20

Inter filler additives (Kaolins, Calcium Carbohydates, Barium sulfates, Silicate

spheres, Ground reprocessed rubber, Cellulose, Synthetic fiber (reclaim) 0-160
Plasticizer/Extender modifiers (Parafinics, Naphthenics, Phthalates) 0-15
Rosin acid ester 25-70
Polyacrylate (thickener) 1-5

Water (Adjustment for solid) 50-70
Polyisocyanate cross-liker (Aliphatic polyisocyante crossliker) 2-10
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4. IBMINAADY
4.1 AN
4.1.1 n3alawsiaooalnsiiesdin (Dimethylol propionic acid, DMPA) w30 2,2-fia(laasend
wnfia) Iwsfieedin eda (2,2-Bis(Hydroxymethyl) propionic acid) Hianyaziluvesniedvn win
Tuana 134.13 g/mol JANABUINATD 189.5 °C CAS No. 4767-03-7 Ai® WA 1A LS HN Aldrich Chemistry

LY o id aw a 4 R ~ ¥ a a
Uszmenwostiu ldihmindludies oo (Emulsifier) lumsiwsounitenanedgsmu

s

4.12 nsavediin (Formic acid, HCOOH) a1mu3gns 99% Tdnvaziuveunarlalifid 1
nauien ShminTaana 46.03 g/mol AIMITISUNE 122 JAEDA 100.8 °C ANABUINET 8.4°C
CAS No. 64-18-6 WANIINUTHN Ajax Finechem Uszimeoomasids 19¥nliazendwondiad
(Epoxidation) Y84t niumdae1aws1

=

{ 4 A o L)
4.1.3 1N@0U3IgND (Sodium chloride, NaCl) Tnuu3gn3 99.99% Hanvazfluveadsdun

q

VS S o o w

<3| < = { a ~ £
Wudiasa Tanudud1 dvinluena 5844 g/mol USHNTINGA gaaIMAsTuNGOUS NS 9100
Yy Ay o A a g Y o o @ o o 9
Uszmea Ine ldivedreaiidansaiifatiu ludninwaasonmsmasnindinsaauasInssadn
4 = £ ¥ Y
4.1.4 noolsWeiu (Chloroform-d) VAMWUTANT 99.8 % niinTuana 120.39 g/mol ALAoA
60.9 °C ANNDNTUWIE 1.5 JANABUNAT -64°C CAS No. 865-49-6 WANIINVTHN Aldrich Uszine
s o Y o ) ¥ o < A ~ o i a o Y Y
anigorimleiudiihasarguniuuaas I s unens sua19813 UM UATIZY 1T 19aY
) (Y <
maALA NMR anyuzidluveaviadla
= J . . Q £ [ <
4.1.5 lw@oylaasonlaq 97% (Sodium hydroxide , NaOH) AWUSgns 97% anvmziily
o H @ N °
YBUUITVY WMNTHIENA 40.00 g/mol AWDMTUNIE 2.13 JANaBNMAI 318 °C  CAS No.
A o A A . [ 4 FqY A o o LY
1310-73-2 USHNANAA Labscan Asia Co., Ltd. Uszmstensisasy losuaud 1dmemdansa luiu

~

Q v ¥ o < £
aﬁiziuﬂi:‘uaumi’dﬂﬂummmﬂfJNWﬁﬂﬁlusmnﬁ

9

416 lmaonlalasoumiueiua (Sodium hydrogen carbonate , NaHCO,) Hidnumziflunsdun

o

H 1 o = { A
1 miin Tuianga §4.01 g/mol AMUDWTUWIZ 2.20 ANABUINAT 50°C CAS No. 144-55-8 UsHNIWAA
. . = VA [y vy o < (Y o @
Ajax Finechem Pty Ltd Uszmseemaside 1fimedsuldidumaasansmdsninyiinmsanandas
£La
Tnseadeldlignsdiunars (pH~7)
~ = £ Y I (= = =
4.1.7 laTnagniasn (Cyclohexane)  UAMUTENT 99.0% Tanvuziiluveunarlalulid I

imiinTurana 84.16 g/mol AWDNTUNIZ 0.779 JALADA 80.7 °C JANABUINAI 6.47°C CAS No.

110-82-7 WANINLUIHN RCI Lab-Scan Uszme'losuaud
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418 laiianadfiy laaofisa (Dibutyltin dilaurate, (CH,CH,CH,CH,),Sn[OCO(CH,) ,CH,], A7

Ed
a =) ° Qs

W3gqnt 95% Hanvazfuveunarlalifiz miin Tutana 631.56 g/mol ANAWTUWIZ 1.066 CAS
No. 77-58-7131iNTinda Sigma-Aldrich, Co., Ltd Uszmasangy “l&ff'ﬁJussTm'aﬂﬁﬁ?aﬂumsm%mﬁ
gNNBAYIINY

419 waszlelasgisy (Tewahydrofuran, C,H,0) A1wu3gns 99% Hdnvazfuveunarla
1% shwifnTuena 72.11 g/mol yAiflen 67+ 1 °C AnmumuiY 0.887-0.889 glom’ 13EMTiNAR
Jliangsu Yonghua Fine Chemistry Co., Ltd. szmaiu

4.1.10 laswefiaeliu  (Triethylamine (TEA), C,H N )mmu‘%qﬁz 98% uanuaily
youviad laluild ﬁmﬁﬂimafga 101.19 g/mol ANUUUWUYU 0.726 g/lem’ JALABA 86-89 C CAS

~ @

No. 121-44-813 8 nfinaa Sigma-Aldrich Chemie GmbH Uszinstensuil

4.1.11 Ingduy (Toluene, CH,CH,) mmu?qw?; 99.5% Hanvaziuveunarlaluid smin
Twana 92.14 g/mol AKABUINAD -95 C 9AADA 110.6 C ANUWUMLY 0.865-0.869 g/em’ TN
ﬁwaﬂ Guangzhou Jinhuada Chemical Reagent Co.,Ltd. Uszineau

4.1.12 Tngdu-24-TaleTalseuun (Tolulene- 2,4-diisocyanate, C,HN,0, ) AL N3 95%
Fu'la'le Talweuuniif Tnseadraunses Tsuain SFen1anili 2,4-diisocyanato-1-methyl-benzene
fdnvusiuveanar WS diminTuane 174,16 gmol  anasumad 20 °C ALABA 124-
126°C/18 mmHg  ANUnUWUY 121 glem® 99001 132°C CAS No. 584-84-9 wialasu3tin

. . . a 3| H ¥ a A
Sigma-Aldrich Chemie GmbH Uszimeneesaiuil difluasasdulumsissomiersnedgsmu

v
~ ° s

4.1.13 1,4 dunulavoa (1.4 Butanediol) idnumziiluveunadle Lilid siwinTuwana 90.12
g/mol ANNONIUNIE 1.014 JAIADA 120-122 °C JANADIKAT 20.1°C CAS No. 110-63-4 HAAN
13¥W Fluka Chemie Uszimsraienaoiuaud 1Hfuaisverwaiolaluana (Chain extender) luns
m‘%auﬁwnwaﬁﬁmu

4.1.14 NWoddmeswodeea (Polyether polyol) i Polypropylene oxide-ethylene oxide polyether
polyol ¥7iA Lupranol 2025SG $on19msffie Polyol 3003 Tdnvazfuveuvamila la luiia
ﬁmﬁﬂimaqa 3000 g/mol 31 OH number 56 mg KOH/g WBanaanuan iy 0.05 % Acid i
AnuAiAf 20 °C IFD 600 mPa.s ALY 1.017 g/em’  Acid number 0.03 mg KOH/g 9@

110 1AsUIHN BASF Asia Pte, Ltd. Uszmaaan Ty
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& (Y]
Fi’!umﬁwmninﬁl‘%mér}mﬁﬁimaﬁ ATINNI Uiy

Y

J ° o
4.1.15 Twunadeoulaasenlea (Potassium hydroxide, KOH) idmiinluiana 56.106 g/mol
ATNDNTUNIZ 2.044 JANAOUIHAI 360 °C A1ABA 1320 °C CAS No. 1310-58-3 WANIINUTEN RCI
J Jq Y ? o < Y A a 4 1
Lab-Scan Uiz losuaua lgluns lnmsainiumwaasanisidani/as iveqin31z411a1 OH Value
? o <
118z Acid number Y91 UILAABIAINII
<3 <3| g Ay y £y IS ' A a
4.1.16 1WANBINNII (Rubber seed) 1umdni ldaindueansizlienays dihmaviia 2-
3 @ @ A < A 2 :g‘ @ A o (% ~
2.5 9. miniszunm 3-4 nsu nlaenlwilwbe s o dFviuie ludnyuzin T dwaasluzlin

< o A o ' Yo
SIUAAYINNITITUEDIINFIITIUIN B, dLIAT 3. dUA1 31UIU 300 NN, 111979 9.9.-5.9. 2554 “?NUJ‘L!

' ~ <] A o v ¥ a o 2 =R =
FNWNNUAAYINNITINGT N Tﬂfﬁwwwmiﬁﬂﬂumummumaaz 150 nn. a1l Wuar 2 1

2w

(%

=, :
NHMUSIUAAY NN

A A o @ . =Y < =
4.1.17 nunil@oudama uouleass (Magnesium sulphate anhydrous, MgSO,) Nanymziilunad
v N °
917 11N Tutana 120.37 gmol  UAWANTUNIE 2.66 AMABUINAT 360 °C CAS No. 7487-88-9
a A o @ Y A ¥ tg 3 o <3
HAR 9INUTEN QP Panreac YTzNeNoosiy lHnegatnazAuyUeaNIINUINUINAAIIANIT
a £ ? o <] (Y
UFgMBHazinyuaasanIaanila
A A o [ . A o < =
4.1.18 unniiFoudaa uou'laass (Magnesium sulphate anhydrous, MgSO,) anumzillumad
% . R
912 WM Tuana 120.37 g/mol  HAUANTUNIL 2.66 JAADNINAD 360 °C CAS No. 7487-88-9

a A o @ . 3 g I o 3
HAA 91NUTHN QP Panreac Uszmawasiiu lHiogaiiazaudueana 1N iumansanis

a £ ¥ o < [
Ui’sj‘lfl‘ﬁuazumumaﬂEmWﬁmanm
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4.1.19 oNa wia Alau (Ethyl Methyl Ketone , C,H,COCH,) UA1NUTgNF 95% Lanue

'
sol ar ~

Auvounadlalifid ihwminluwana 72.11 gmol  ANMUNUILIN 080 gem® USHNANEA Ajax
Finechem Pty Ltd Ussinfoaainsiae
=) ~ QJ a o 1T %)l %
4120 10Wa0r@an (Ethyl acetate) AWUIENT 99.8% Hanvuziluveauvadla 1ulid whmin
Tuiana 88.11g/mol JAIABA 77°C AWAITUNIZ 0.90 JANABUINAL -83°C CAS NO. fip 141-78-6
a a w 4 4 Y a3 ) A v ¥ oW 3
HARINUTEN RCI  Lab-Scan  Usznerlosuous liudiviazats ieadainiuuaagiani

Y a

I'd
nasnnaaudaslnseadralfusgns
ac . ~ W <
4.121 1enwzuinay la'le e lae1ua (Hexamethylenediisocyanate, HDI) Nanvaziiluveaman
o) a a 4 1 1 H4 Y]
o dulalelelssuuauuuedvhan S¥en1uaiian 1 6-disocyanatohexane lilidimiinTuiana
A 168.2 g/mol ATUBNTUNIZINIA 1.05 JAIRBANIND 212.8 °C  JANABUIHAUMNY -67 °C
= a o a 4 Jd
CAS No. 822-06-0 Han IagUTEN Sigma Aldrich Useimaaddirosuaua
s ¢ . ~ vy v ~
4122 lalasinuilesean lud (Hydrogen  peroxide, H,0,) HUANUUVNUUY 35% UNTA
[} @ I H o U o
Orthophosphoric azg8d 0.2 % Nanvuzluvounalld 1wiin luana 34.01g/mol AWATUNIE

111 gaudea 1502 °C 9ANAOUIHAI -0.43°C CAS No. 7722-84-1 WAADINUSHN Ajax Fine chem.

4 o aan . Z; o Y o a3
UszinAveaaside inov1l{Ase1 Hydrolysis TuiuaoumsaauaInssadrainiumwasoams

4.2 gilnsal

A £ . A =) a A Y =4 Aaa < A
4.2.1 1n393UAADIGNNAY (Two roll mill) Lﬂiﬂﬂﬂ@%uﬂuﬂigﬂﬂﬂﬂlﬂgﬂﬂaﬂ 290 NURILUAUTEY
a £ 2 v &L ¥ L 2
NAUNUNIUFI GNAAITNADIZNITINVUIUAY UUUIA 16 X 30 UI (N9 X 817) NNANYNTDIIE
Y v ¥ d A1 o A A A o ' L 3 = A A A
JYHITHINUAIYIBATUITINANWNNU LNDINALIINDY fﬂiﬂiﬂﬂiﬂi%ﬂgﬂﬁgﬂﬂﬂ\ﬁﬂ\iﬁﬂﬂ iunseeleon
A a

s o ] g ' o &’
Hludenl§iid SohunilszgndlddmSunzimznldenwaasanis Tasliildile luwaasanis

amluuan daeaslugilii 6
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[

d‘ dy < @ A Y A 2
31]7] 6 ﬂymglu@1ULllaﬂ81QW1§Tﬁa\iﬂglcﬂ13lﬂaﬂﬂﬂ]ﬂlﬂia\?Uﬂﬁa\iQﬂﬂaq

A & < < A Hdq w v a 4 2 &
422 nsesuaiie luwaneanis WwaTean 1 lunmsuataaauiuge Feamisouaielu

Q

v '
winoana IdUsznm 1 Alansusonss duanslugilil 7

@

a A & < @ A
31]7] 7 ﬂHﬂ!gﬁ!ﬂﬁf’]\ﬁ_‘ﬂluaiuluaﬂﬂ'lqwa\jﬂgl‘ﬂ”lglﬂa@ﬂ@@ﬂ

~ Z o <

] 9 H b4
4.2.3 iwieadividumdasawswunienyy Uszneudiegiuas gaifuiniudszneudae

Q

< ' s 2 @ '
wmanauaueansInTzueniivinadurkugudnais 7 13 danadivilszneudlsunuanauaanay

Y
.

1 ' o Qy 2 a (% ° @ o
wimduruEIUgUENa1 6.5 17 w11 0.2 11 Badaduindentie Tasawnsaturiuiuuazdaiazaty

< Y 3 o =
aanmﬂmﬂmaﬂﬂn"1@@81@53@;53 muaﬂﬂugﬂw 8
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v

¥ o
YU umaﬂmawwsmuuﬁawyu

€
=iy
=Dh.
o
=)
ok
=)
Lo
=2

4 o 1 oo <3
424 1AT0INAUTLINOAT (Evaporative cooling system) 34 BUCHI Rotavapor R-200 11l
4 9 v o [ 1 A Y 1a
!ﬂi@\ﬁzn’iquauJﬂJ’lﬂ“’(l,!,‘lJllWHHI%S%L‘HEJET'I?@’JWT@%fﬂEJ’E)E]ﬂﬂTﬂﬁWia3?3'189']’3@81\1!1/‘!01??‘]]5“1&!
o 1 Ay y 9 X y v 3 a
ﬁ'liﬁ$a"IEJGI’JE]EJ']QﬂﬁﬂﬂﬂWilﬂlNﬂluﬂluIﬂﬁlﬂWiﬁlﬂﬂ’31115’E]L!flﬂﬂﬂWQHWﬂ?Uﬂuqmﬁghllagigﬂﬂ
A A v o @ ' Yo o a y?{/ J 0 0
guMemieangaRoaveAIazatsunsa1sai0e 1 1 as Usugumngil laasua 20 °c - 180 'C

[

@ < 2 1 a a o a 4 o
wazlSuanuEa lumsvyuldaana 20 — 280 rpm HaA TavUTEN 1AEE.AN BuweSIAL T1NA

4 1 a s ¥ o
42.5 15049 Gel Permeation Chromatography 3U Waters 1515 “l%“lummmﬁwumuﬂimaqa
a (3 3 o a 4
Lm’lﬂlmzﬂ'ﬁﬂiz"l]'IEJGI'J"UEN‘L!'I‘HHT‘II?JLGQ@GUEN‘WE]EH?JE]S
[ Y o <
42,6 yasauadlassadiadiniuwaneawis Ysznoudieuiaa1une (3-necked round bottle
2 o @ o aaa @ Y Y < 1w
flask) vu1ad3uIag 500 wa. ﬁTﬂ5‘1]“VlﬂJaﬂifﬂﬂﬂLL‘]_I'ﬁ\iiﬂiQﬁi?\iﬂTNﬂlNﬁﬂﬂTﬂWTiW@lﬂﬂU

Y

4 4 1 R L. [ <
ADUIAUITDS 1AZIAT 09N IUA1THDDTUNIU (Over head stir) 1 IKA® RW20 Digital 1/50a211152 14
vy

. 2 a0 % o A , _ . . :
MR 6, - 2000 rpm mqag“lumwmuuuﬂum%aamu (Mechanical stirrer) U IKA® ETS-D5 %

aunsolugamgil ldaaua -50 °C - 450 °C danaaslugiii o
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-

a @ 9 ? o <
31U 9 yadaulasTaseadraiiumdaeamns,
o s ¥ a a @ a o . .
427 gaduniziihenwedyimu Yszneudrodlfniel (Wide neck reaction flask) ¥11Q
a ) @ o aaa (% 7 ¥ a a 1 @ [ -J

U511as 250 wa. dmiuilgaserdunsizmiionmedgsimu desuszuunemalulasioy
4 A . J ® L. @ < v
ADUIALIYDT LAZIATBINIUAITHDUTUNIU (Over head stir) 31 IKA® RW20 Digital 1/5ua1u137'4

é', 1 [ o $ ] 1 Y o 4 J @
AA 60 - 2000 rpm TAByATUATIZHIMMEGIUB I IWATEINIY J1 TKA® ETS-DS sfanaaaly

9 10

ean
=)

4

q‘ g a a
31]7] 10 %@ UATIHHIINNDAYIINU

€

4 < J ) [ I J ¥ a
428 nTeanaaeunMiuNTA-A19 (pH meter) dmiviasinnuunsa-aeveniorameag-
a [ U a3 1 ] 1
smuaandant aniunsa-aeldlugie -2.000 §919.999 pH TAwnugndes 0.005 pH

HaRN U v0IsZMAD T3
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A A A % . o A A Ag yes
429 1A309UBUAITILH FTIR (Fourier Transform Infrared Spectroscopy) Fhunsesdlon 1gnun
o @ vo2 " A ~ 4 ' R
Tassadramaniivesars Taserdeseduiman i lugrdunsusa Mavadulusig 4000-400 cm'
A A A ¢ | . I A
42.10 1A309UBIUATILY H-NMR (Proton Nuclear Magnetic Resonance Spectroscopy) SITTGEGE
Aq YR 9 P o A A T Y ' A a ~
MFAnu Tnseadumanivesms lagerdemsganaunauuiman i lugeaaning a1ud 500
= o
WNNELTTIANH
42.11 1A3993AUUIADYNIALAZNITNTZNYAIVOIAIBEN (Laser Particle size Analyzer, LPSA)

I 4 = 4 @ % [ Y
U1 Beckman Coulter LS230 L‘lJuLﬂ%'E)\iﬁ@']Lﬂi'lZWﬂluTﬂﬂlgﬂ'lﬂllagﬂ']iiﬂ5$ﬂ1ﬂ@]3°ll@\‘]ﬂ'lﬂEJ'NGl‘LlG\')ﬂa'N

L, .

v

@ o @ 2 '
ﬂQﬁ!ﬂumﬂQ!ﬁaﬁllagﬂ‘|ﬂ1ﬂ TTOIAVHINDUNAANULA 0.04 a\i 2000 lllliﬂilllﬁﬁ

42.12 1A50INATOUAIIUNUABLIIAG (Tensometer) LLOYD Instrument ju LR1OK Wanlag
a v A ] o 7 o @ w o o & = ' ¥y A . 1 @
Uy InsBuees lnsd s1a dnvazvesdItusunadeulijlsandiedy (Wedge grips) i1nd
' o < [~ : 9 o < a
puuiugyInmannds I Load cell wiia 1000 N Felddmiunagouanuudausiveanisdada
] a a LY o 4 : o =
sgninnneagImusumisdunsied FuhmsnadenTaeldmaiansasasnluuud 180 aem

(180 degree peel strength)

acy a o
4.3 15013798

v 1%
Y @ o a I3
4.3.1 YUABUMTAAAUINHINANG NN
Yo = 4 o g ;A Y o a o Ny ny &
hlﬂ?’l']ﬂTSﬁﬂHWi8El%!f]ﬁ'lﬂ?ilﬂ‘lj5ﬂ‘HHiJaﬂfJ"NW'IiTﬁ@ilill'lmunJuﬂﬁﬂﬂ"lﬂ m"lmzmm‘u
< o < 1 M o o o ¥ o o
WaAYIaNITIVIUIU 300 NN. a@mﬂu 297U Iﬂﬂﬁﬂluuiﬂ%WHﬁlu 150 NN. mmﬁuanaumuwu‘ﬁ
[ Yo A ' ~ A o g Y 3 oy
‘nmmﬂllmumammﬂmumqum UASFIUNTDIONITIUIU 150 NN. mmﬂm"bgﬂunm 1 ‘1J nou

9 9 ' ¥
mmaﬂﬂumummumauﬁﬁuanﬂ

o ¥ o & =]
4.3.1.1 ﬂ']'iﬁﬂﬂu']jJUinﬂlu@GlunJaﬂfJ'NW’IS']

o

o =] ° 4 &
HUUAAYINWITIITUIU 150 DN, mﬂxmwtﬂﬁaﬂaaﬂﬁ’wlﬂ?amﬂmmmgﬂﬂm L!,ﬁ'am

& < Y o a 0 & o 2 o 9 A & o
!"Llﬂnh‘llnaﬂU’NW'\ﬁ'\NW@ULLﬁQﬂQﬂ!ﬁQN 40 C Lﬂunm 39U i]QNWUl‘lJ']_Iﬂﬂ?ﬂlﬂﬁ@ﬁﬂﬂlu@iulﬂﬁﬂ

nansainaasFlugdd 2 sasih usludwhazaie la Inaensu fidasdau 1 2 aa i

1181 24, 48 ILAT 168 $21u9  BazHINITNIBIYNNINBBNIINNIAZAY LtﬁlﬁﬁWﬂWﬂﬁLﬁa@M1ﬁULLﬂﬂ
ES

& o =] 4 Y o [ °
muuamamazmaaanmﬂmﬂmaﬂmqﬁ’amﬂdﬁmﬁ‘uumumaﬂmqummuﬁﬂmgu WgITagay

¥ v 14 A J
mwmmﬂauizm&mTwmzmﬂ”lmTﬂmamcuu@eﬂﬂmumuﬂu Tﬂﬂmﬂ%’m‘?}mﬂauszmmﬂmm
Qs d'

Y ! o =3 a . o H
Al llﬁu’]lluulaﬂﬂ’NW'ﬁTﬂU (Raw rubber seed oil, Raw RSO) LazaIUIUN % "Uﬂ\i‘lEﬂJTiuouu‘ﬂ

ane
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o Y ar tgl < = £
4.3.1.2 ﬂ15ﬂ11ﬁ/u1uuﬁﬂﬂi)’]ﬂlu@qhuuaﬂﬂ’mw'ﬁ']Uif:f‘ﬂ‘ﬁ

o ¥ @ a A [y Y v 9 o Y a £ o w @
u1u1uuﬂﬂﬂﬁﬂﬂ1ﬂ%1ﬂﬁ’lﬂl@ 4.3.1.1 lﬂﬂﬂﬂUiZI‘VI‘EIﬂﬂﬂﬁﬂ'liﬂ"l‘ﬂﬂﬂiﬂulﬂmuﬂﬁfw Tag

- ., Y .
maan Taey laason laannududu 40% Tagimiin Usinm 2.5% lasdSuiesiidu  aqly

! o a o ~ 0 Y ¥ o d ~ Y yd A a9 =
HIHUAUNYUNIN 70 C muclmﬂnﬂu!,ﬂunm 30 UIN u,azm*m‘limlmﬂuﬂ@amﬂuﬁmtﬂunm 24

a Q L'

o ¥ oo =1

1 9 I'd
#2134 ﬂ%tﬂﬂﬂﬁllﬂﬂ“}fﬂ“\l@ﬂqﬂl AUWIUUUAATNWITTUITGNS (Pure rubber seed oil; Pure RSO) uag

'
v o

o g @ o @ o % 9/ = o o Y =Y
AMUIUNT % ﬂlﬂﬂﬂ?ﬂWﬂ!H']ﬂJuﬂﬁﬂﬂ LASHIUIUUN ﬂﬂhlﬂllW'Jlﬂi13ﬁﬁﬂHﬂ!$Iﬂi\iﬁiNIﬂUlﬂﬂUﬂ
FT-IR 1taz 'H-NMR

a oy @ =3 ag/ =
4.3.2 ﬂ75ﬂﬂllijﬁ\7Tﬂj\?ﬁ'%’7\7u71/”!1/?7@&7\7W'lj'l!lﬂﬂsl]u‘aau!ﬂﬂ')

Fd
L] o

LY =3 a £ @ o o ¥ o <
HTUTNHLNaﬂﬂTQW'IS'Iﬂﬁqvl‘ﬁinﬂﬂ'J"lgllﬂ 4.3.1.2 m‘mmiﬂmgﬂaﬂmaqaﬁumumumaﬂ
4 a 1 a 2 ] aan = a @ . .
p1av131 wive diAany lansenda (R-oH) Iululassadislasruifiserdwendiadu (Epoxidation)
v by
weznse leasendadu (Hydroxylation) da11)adnIndsn15ve4 Okicimen er al, (2005) FeHaunDU

@ dy L <3 o £ [ o
MIATENATHAD FaINAAINITIUS NN 200 n5U (0241 Tua) aslugadaudaslaseadie

=

Y < @ a o a da Y Y a a
HTN‘HLNaﬂﬂWQWTSTQQLLﬁﬂQGlugll‘VI 9 MMsaNnsana sty 99% ﬁﬂulll 20 yaaans (0.5302

Tua) awdrelelasinunlesoonlodidudu 35 % aq'll 178 Gadns (2.034 Tua) shifisenngangi
d'ul ) Y Y 9

A 1 o o w Y o
60 OC Iﬂﬂﬁﬂ‘hﬂnaWﬂWiVI’lﬂaﬂﬁﬂ’]ﬁ 4118 8 GIf'JIIN ATUATAY HIUUN [AIENINTTANALLASAINAIY
U =) =y L ?)’ % ] o o o/
ﬁ]iagaTﬂNﬁNixWﬂTﬂ!ﬂﬂﬁ@gcﬁ!ﬂﬂﬂﬂu’]iu@ﬂﬁ”lﬁ?u 1 1 Iﬂﬂﬂ%ll'lﬂi Elﬁ’lﬂ’lﬂ’liﬂ'mﬂﬂiﬂﬁl')ﬂ
A o 4 o ¥ A o @ o Y 2 a A o A,
I“']ﬂﬂﬂllllaiﬂ'imuﬂ'liﬂﬁlu@l@llﬂ'l HAZUUNAD AaIay Waﬂﬂ’]ﬂuuﬁ]ﬂ@lﬂLluﬂu&%ﬂﬂmﬁlﬂﬁlﬂ@ﬂ1ﬂ15

Y v v i '
pat1esnIINIluARLYag uﬁ’ammsﬂau‘szmmmﬂmmzmﬂeaﬂ"lﬂﬁ'am,ﬂ?mﬂamzmaaﬂmm
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Formula (HRSO (OHV=140) : Polyol 3003) (mol)

Properties 5 6 7 8 9 10
1:0 SD 0.8:0.2 SD 0.6:0.4 SD 0.5:0.5 SD 0.4:0.6 SD 0.3:0.7 SD
Tensile
3.18 1.37 13.49 2.0 32.68 2.09 36.00 2.21 30.08 2.10 25.34 1.60
strength (MPa)
Elongation at
40.5 17.30 104 17.78 38.8 18.52 23.5 7.5 16.6 11.21 12.3 13.58
break (%)
Formula (HRSO (OHV=280) : Polyol 3003) (mol)
11 12 13 14 15 16
1:0 SD 0.8:0.2 SD 0.6:0.4 SD 0.5:0.5 SD 0.4:0.6 SD 0.3:0.7 SD
Tensile
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strength (MPa)
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break (%)
] ~ (TR 4
vaenvie - Iuansonsouukusue 14
300+ —a— OHV 140 1
S » OHV 280
o 200 B
L
1004 /i\\ .
4 ﬁ/// \é\‘.\ *
04 ——— & i
T T 1 T 1
504 E
% 40 -
a &
é E ///E\ i
£ a0 e :
-
3 204 .
3 )
g 10 ‘ / T
0 T T

9

1:0

T
0.8:0.2

T
0.6:0.4

. T .
0.5:0.5 0.4.0.6 0.3:0.7

HRSO : Polyol 3003 (mole)

I~ t oy o Ay ¥
U TV HUNS e 18

y a J ¥ o =1 [y ' o ~ t
iﬂﬁ 19 Na‘U@Qﬂﬁﬁ']ﬁ'JuWauﬁl@qu'liluulaﬂﬂ'mw'ﬁ'W’]ﬂlKﬂa@ﬁ’lﬂﬂuwea@ﬂﬁﬂ']\jﬂ'ﬁﬁ{lﬂﬂﬂ'JnJ

46



¥

~ - 1 ~ [} o o w [~
11AAN5199 13 wazgali 19 wumsldwedesaniamsd (Polyol 3003) saufuMiuLAA
g1 IRanlasisdosriia (HRSO; OHV=140 uaz OHV=280) vzldunudlduniinnudiuniude

A 2 o o ' "o A a
usqﬁqmquuqqqﬂwammau HRSO:Polyol 3003 tW1OV 50 : 50 mmwnﬂ?mmwaaaaamqmiﬁﬁ

d A

gansasidu  50:50 sz lianuMumudsusedsanadias uade i rganurudauiimsouan
%,' s I s ~ t =) 3‘/ dy [~ 1 ?x’; o a’%’ =
dniuuanenssaulauiissegiuaes nillowdlumiznlurunsunsdunsigiiignaneagy
a 9/% o I Y = [} =1 3'/ = =1 a o ~ A A
smums lhiduwdassnsdan]asiesedudfed lurumswssuwsneamesiszinnuviiangs
v A 9 %’ Y] < o =) 9 S %’ o
nautlosnin lassaiwvenuhuwaasawisiaaulasl lnssaduuumnuyu uaglumin
19 v [ 9K gf g ¥ . . Y ' U kY
Tuana 829 niuee Tua v lwluduseumsnszatedaluiin (dispersion) lao1nnan dawaldvina
%’ ] ] ) ] I~ v o o [
pumMAveaiesiivig luajnil ez denaneanuuiias wownuiay vldanuduniudeusq
=2 :; A A~ = FY @ v A A é’ L] = 2_',
Aedga uazielimInaunofesan1aMsM IUSAs 1IEINNUIY 3zFI8aAn NN HATUYUMS
) = a Jd o EY o ¥ a 2 Yt ' @ £% o ¥ Al Y =
wieuwinedwes i lvnmsnszaied luiniaiuldand dunaldandnmzihensi ldeziin
] o H a a o
@aes uavuveudih (Milky blue) doandonuIUINEYNIAYDINIYNNBTYT MUV IAGNAY
dlomysasauveInednoan1emsm ualoMusas 1@ IuveInedepan uMsAIgInd1 50 aau

1 vy o & - 4 wa oo 1 a
mms?fmmumamqﬁwmuwuwam:aﬂm ‘VlQﬁ’i)1‘1]!,ﬁ’f)Q111‘01ﬂ’dllUﬁ"’llfNLLNHWﬁlliﬂﬂ”lﬂﬁ’JuW@a

v o v & v A4 A 2 o qu9 Y ' = v
29NN NT UHBNHIVETIUNTY (soft segment) INNUU miwmmmuwmmusqmmmﬂuu

h.

o ~ ¥

(Y 1 ' vy a =3 @ ' ¥4
ana LLﬂﬂ\ielﬁlﬂ']i;mﬂ'lﬂlwl‘lwauﬂlﬂifJiJ’lnﬂu'lll'HUJaﬂEJ'N‘W'ITIﬂﬂLUJﬁQLﬁENE]EHQL?]EJ'J Vlﬂﬁ'f)ﬁ]
b

d' 2’/ ~ o a A ?,‘, ~t = o o = =} 'o ' o v
mmi}m“luﬁuumaumimsanmawwaagsmu 611!"1]‘14ﬂ1‘§!GISEJlI‘WSWﬂﬁmaiﬂzuﬂﬂu‘ﬁuﬂ@Wﬂ’ﬂ Tlﬂ‘H

a ¥ a K Yt ' o 9/ Y ¥ sy Y A = [ =4 9
msﬂszmﬂm“lummﬂmu'lﬂﬂmw mmm”lﬂfu1ﬂamgmzuwN1/1"lﬂi]zummmaamazmumuaﬂw

v

[<) ~a ° Aa a
5.4.3 ﬁﬂy7ﬂ37ﬂ!!‘ll\7!l§'\7?Hﬂ?igﬂ@ﬂ‘ﬂ@ﬂﬂ"ﬂu”IUNW@ﬁgﬂ‘WLl
o/ 4 %’ a a Y o = %’ a a -
1umimmiwzwﬂnmmawaagimu vlﬂ‘l/]'lﬂ']'iﬁﬂ‘hﬂlﬁlﬂmﬂ'l'JqunﬂWﬂagil‘Vlu‘ﬂV]']ﬁﬂ

Y ¥ AL a & o
UYUFUNATDU IﬂEJ"l]Z‘Vl'Iﬂ'I’J‘L!TEJN‘W’E]ﬁQﬂ‘VIHVI%u‘VIﬂﬁ@U1 g muﬁmimwu%umaammm%

=Y

o g (Y g o A 0 o & A EY
4.3.6.7 ERAINMNNIVUFUNATDY ﬁmmﬂuuuﬂﬂ’ﬂUﬂQﬂ‘Mﬂu 70 C Wuren 24 "If’JIiN lWﬂﬁl‘Hﬂ']'J

a4

b

a 9

¥ a A [ a o = 1Y o o @ 4
WIYTNNOAYIINULYANT th’sl,'lu'l‘l‘ﬂ“ﬂﬂ'LT'O']_Iﬂ'liﬁﬂ@]ﬂsllﬂﬂﬂTJW’OElEJiLﬂuﬁ']ﬁﬁﬂsl%ﬁﬂﬁu\iﬁﬂmi'lgﬁ G‘g]}'.]ﬂ

U

v
~

matiamsasaonluud 180 09 auaadlumsn 14 uazgii 20

y o 1 ¥ o o 1Y 1 1Y o ' wa
ﬂ]ﬁ%‘l‘ﬁ 14 Na"]JEN'EJG]5Wﬁ'JuNﬁllﬂlﬂﬂuWNumﬁﬂUNW"ﬁTﬂﬂuﬂﬁ\13’J]JﬂUWE)ﬁ’EJ@ﬁ‘VINﬂTiﬁIWI@ﬂﬂJUﬁ

msﬁaaaﬂ“luum 180 99/

Peel strength Formula (HRSO : Polyol 3003) (mol)

1800* 1:0 SD |0.8:0.2 SD 0.6:04 SD 0.5:0.5 SD [0.4:0.6 SD 0.3:0.7 SD
OHV 140 14.2 1.2 9.8 0.6 6.6 0.8 5.2 1.1 22 0.2 1.8 0.4
OHV 280 - - 15.5 1.4 13.1 1.2 10.2 0.8 6.8 0.8 4.5 0.6

HaENHR * A1 maximum load (N)
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Type of rubber seed oils
Properties
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Temperature PU adhesive Peel strength 180°
NCO index . -

(C) (® b SD
30 10.88 1.19

100 1.00
70 18.57 0.99
30 31.00 0.73

120 1.00
70 34.17 0.85
30 34.79 1.52

150 1.00
70 38.29 0.62
30 40.43 1.60

180 1.00
70 45.41 1.47

Haenve * A1 maximum load (N)
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Temperature PU adhesive Peel strength 180°
HRSO:1,4-BD: TDI 5 —
(O (® X SD
30 31.00 0.73
1.00
70 34,17 0.85
1 mol : 0 mol : 1.2 mol
30 36.20 0.76
2.00
70 38.89 1.55
30 42.31 1.77
1.00
70 46.09 0.85
1 mol : 1 mol : 2.2 mol
30 48.42 0.35
2.00
70 54.93 2.20
30 51.04 0.71
1.00
70 53.79 1.17
1 mol : 2 mol : 3.2 mol
30 53.00 1.03
2.00
70 56.02 0.66
30 63.41 0.49
1.00
70 66.69 1.27
1 mol : 3 mol : 4.2 mol
30 64.61 0.31
2.00
70 68.99 0.31
30 72.40 0.80
1.00
70 74.76 0.90
1 mol : 4 mol : 5.2 mol
30 75.66 0.57
2.00
70 79.14 0.74

HNENHA * A1 maximum load (N)
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Abstract

In this research, the polyurethane adhesive based on modified rubber seed oik with toluene
diisocyanates was successfully synthesized in presence of DBTL catalyst. The chemical structure of
modified rubber seed oil was characterized by 'H-NMR. The suitable reaction time of the
polyurethane adhesive synthesis was 4h by providing with FT-IR technique. The effects of NCO
index and chain extender (1,4-butane diols) content in adhesive formulation as well as cure
temperature were also studied by leather to leather on adhesion peel strength. It was found that the
higher NCO index or chain extender content gave the higher adhesion of substrate. The cure
temperature of adhesive at 70 °C gave the better peel strength than that at 30 °C during 24 h.

Introduction

In Thailand, Our country produces about one-third of world’s natural rubber. There was an
extensive total rubber area of 17.32 million rai (1 Rai = 0.16 hectare) in 2010. Annually, Thailand
supplies the rubber seed around 109,000 tons/year [1]. However, latex and wood has been only
commercialized, but a little or some attention have been given to the production and utilization of
rubber seed in such as plantation, biodiesel [2-4], and animal feed [2, 5]. These are normally
regarded as waste in annual. Despite of its oil can be used as plasticizer in rubber [6-8] , composites
[9] and surface coating [10] as well as synthesis polyurethane [11]. Although the rubber seed oil
(RSO) has a potential use in many fields, the polyurethane adhesive based on this oil has been not
reported.

Therefore, in this work, we would like to study the modification of RSO to be a polyol used as
starting material to further synthesize polyurethane adhesive. Their chemical structures of modified
oils were also defined. The effects of NCO index, chain extender content and cure temperature on
adhesive properties were investigated.

Experimental Procedures
Preparation of modification of RSO

Rubber seed from a seed of rubber tree (Hevea brasiliensis) was collected from the south of
Thailand and its oil was obtained by cyclohexane extraction method at room temperature. After that
the solvent was evaporated. The crude rubber seed oil was obtained (around 40% w/w). The oil
was then washed with 40% NaOH solution to eliminate free fatty acid in crude rubber seed oil. The
purified rubber seed oil (PRSO) was obtained to modify later.

In this work, the modification of RSO was performed via epoxidation and alcoholysis,
respectively. Firstly, epoxidized rubber seed oil (ERSO) has been prepared by reaction of the
double bonds of the rubber seed oil with a mixture of formic acid and hydrogen peroxide according
to literature procedures [12-14]. After that the ERSO has been prepared by reaction of epoxide ring
of ERSO with methanol with fluoroboric acid as catalyst according to a literature method

All rights reserved. No part of contents of this paper may be reproduced or transmitted in any form or by any means without the written permission of TTP,
www ttp.net. (ID: 49.49.172.71-25/04/14,16:23:00)
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[12]. After purification was preformed, the clear and viscous polyol was obtained. The OH number
of the hydroxylated rubber seed oil (HRSO) was determined by titrate with phathalic anhydride in
pyridine according to ASTM D 1957 and the results is 130 mgKOH/g. These oils were analyzed by
'H-NMR to confirm chemical structure of modified RSO before and after chemical reaction.

Synthesis of polyurethane adhesive

Polyurethane adhesive was prepared by reaction of a HRSO (10g) with toluene diisocyanates
(TDI) in the presence of dibutyltin dilaurate (DBTL) catalyst (0.05% of total composition) with
various NCO index from 100 to 180. The 1,4-butanediols content from 0 to 4 mole was also studied
from 0 to 4 mole by fixing NCO index at 100. The methyl ethyl ketone was used as solvent in the
synthesis system. The prepolymer compositions was performed in a dry three-neck flask with
mechanical stirrer, septum, and nitrogen inlet/outlet at 70 °C under nitrogen atmosphere, 1 ml was
sampled at 30 min, 1h, 2h, 3h and 4h and tested by FT-IR to observe the polyurethane reaction.

Preparation of test specimens and peel test (180°)

Each adhesive was applied with the glass rod to 2 pieces of leather within 1 g. The 2 coated
pieces of leather were placed together as shown in Figure 1. A load of about 1 g was placed on the
substrate at desired temperature (30 and 70 °C) for 24 h. The 5 specimens of leather samples in each
formulation were analyzed to peel test on Universal Testing Machine (LLOYD), according to the
ASTM D 903-98.

\
=1 ’u B>
\

Figure 1. Leather preparation for peel test (180%) (ASTM D 903-98)
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Figure 2 shows the spectra of 'H-NMR of PRSO and modified RSO. It was found that the
protons of PRSO and ERSO were described below:

'H NMR (CDCls, 8): 0.8—1.1 (CH; of the fatty acids), 1.2—1.8 (CH, of the fatty acids), 1.9-2.4
(-CH,C=0-), 2.7 (-C=C-CH,~C=C-), 2.8-29 (-CHof the epoxide rings), 4.1-4.3
(-CH,~0—C=0), 5.2-5.6 (—CH=CH-)

For the spectrum of HRSO was also described below:

'H NMR (CDCl;, 8): 0.8—1.1 (CH; of the fatty acids), 1.2—1.8 (CH, of the fatty acids), 1.9-2.4
(-CH,C=0-), 2.7 (-C=C-CH,—C=C-), 3.4 (-OCH3), 3.7 (-C(OH)-H), 4.1-4.3 (—CH,—O—C=0),
5.2-5.6 (-CH=CH-)

Disappearance: 2.8-2.9 (—CH of the epoxide rings)

The chemical structures of polyurethane adhesive were determined by FT-IR spectroscopy with
measured using transmission technique by sampling at 30 min, 1h 2h, 3h and 4h as shown in Figure
3. The IR spectra show the presence of new absorption band at around 3265 cm ' corresponding to
N-H stretching vibrations of urethane functional groups. While the absorption band at 3474 cm’’
corresponding to O-H stretching vibration of HRSO was disappeared at 30 min. It mentioned that
the reaction was fairly occurred. The other interesting absorption bands around 1700 and 1200
cm ' were assigned to C=0 and -O- stretching of urethane groups or triglyceride structure of
HRSO. The absorption band at 2270 cm™' shows a small residue of NCO function within the
adhesive that might be the indication of incomplete reaction. However, that band was decreased
with an increasing of reaction until it was constant at 4h.
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Figure 3. FT-IR spectra of polyurethane adhesive with various reaction times
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Figure 4. Effect of NCO index a) and chain extender content b) of polyurethane adhesive on peel
strength with the different cure temperatures

The peel strength of polyurethane adhesive based on HRSO and TDI with various NCO index,
chain extender content and cure temperature applied on leather show in Figure 4. It was found that
the increasing of NCO index and chain extender content had an increase of peel strength due to
higher hydrogen bonding interaction within adhesive (urethane or urea) or more increase interacted
on substrate surface. The cure temperature had also effect on the adhesive property. It was observed
that the higher cure temperature, the higher peel strength in all conditions because all above
reactions have been increasingly occurred at the same time. However, the effect of cure temperature
had a slightly difference of peel strength, approximately 2-3 N due to using a little of DBTL catalyst
in formulation.
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Conclusions

The polyurethane adhesive based on HRSO with TDI was successfully synthesized in presence
of DBTL catalyst. The purified rubber seed oil was modified to convert into polyol via epoxidation
and methanolysis reaction, respectively. The HRSO was obtained. The chemical structure of HRSO
and polyurethane adhesive were able to confirm by 'H-NMR and FT-IR, respectively. The adhesion
property of polyurethane adhesive based on HRSO was investigated. It was found that the higher
NCO index and chain extender content gave the higher adhesion of substrate. The cure temperature
of adhesive at 70 °C gave also the better peel strength than that at 30 °C during 24 h.
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