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Preparation of Moisture Vulcanized Natural Rubber Adhesive
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Abstract

Moisture vulcanized natural rubber adhesive was prepared using two types of silane
(ie., 3-amino propyltrietoxysilane (APS) and tetraethyl orthosilicate (TEOS)) as vulcanizing
agents. Two different processes were exploited: moisture cure and sol-gel processes. It was
found that the sol-gel process with 7.5 phr of APS and 10 ml of TEOS gave higher shear
strength, peel strength and shear strength after soaking in water than that of the adhesive based
on the moisture cured process. It was also found that the ENR-25 based adhesive gave higher
adhesion strength than those of the ENR-50 and STR 5L based adhesives. Furthermore, the
coumarone indene resin at a loading level of 25 phr gave the adhesive with higher adhesion
properties than those of the adhesives with Koresin and phenolic resins. The adhesion strength
was also improved by reducing molecular weight of the ENR-25. That is, the ENR-25 with
lower molecular weight of approximately 1.95 x 105 g/mol gave higher adhesion properties
than those of the neat ENR-25. Furthermore, it was found that the adhesion properties of the
adhesive prepared in this work were superior than that of the commercially available adhesive
of the RRIMFLOW. Application of the adhesive to the surface of rubber tree was also
performed by adhering the plastic gas reservoir of RRIMFLOW. It was found high adhesion
strength between the tree and plastic surfaces was observed. Furthermore, the system could trap

the ethylene gas for at least 24 hr.

Keyword: Natural rubber, adhesive, moisture, vulcanization
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NATOUAMULUTUITUULIROU (Shear strength) MUNINTFIU ASTM D2399 LazsUNadannu
} 4
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Mixing materials

Moisture cured process A sol-gel process
< ENR-APS precure >
Swell in acetone for 1 hr at 18°C Swell in TEOS for 4 hrat 18°C
Acetone-swollen material TEOS-swollen material

Hydrolysis and condensation reactions

in 2.5 % butylamine solution at 30°C

y y

Moisture cured vulcanizate Silica-reinforced vulcanizate

g‘lj‘ﬁ 1 FURBUMSIATENNIAIE moisture-cure process < sol-gel process

24.2 onswavesisua ArsTuszuy Moisture cure process
= [ 4 { a LY
wlslSunamesasFamlud APs f1f5ua 2.5, 5.0, 7.5, 10.0 48 12.5 phr AIUEA
wasdenm sl luasd 2 Taswaunaauiimsluiden 2.4.1 uani ld@adsgenudy
Qy :ll ‘Qy b4 o A IS4 Y KX o 1<} a
Funadey Aanald 7 Tufigungiives udveh limaseuanuudwswesnsdads ey

v
Moy uuulen wazauiansiafandug i
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maafi 2 gasnafinlsfBinaves APS T Moistare cure process
Ingredient Quantity (phr)
F, F, F, F, F,
ENR-25 100 100 100 100 100
Na,CO, 3 3 3 3 3
Wingstay L 1 1 1 1 1
Bisphenol A 10 10 10 10 10
APS 2.5 5.0 7.5 10.0 12,5

2.4.3 OnswavealfSinas APS Tuseuy Solgel process

Anw Taen)sUSune APS fiSunas 2.5,5.0,7.5,10.0 uag 12.5 phr Safunsld TEOS
Usines 30 ua Taeldmsmiaiingug Turiuesdentuiilely Moisture cure process §4A1519
2 ionemnmidouda hhlFasemufusumanon faital3 7 Suiigangideadise vl
nadeuANNuTwsweIMAnlsrauuuioy  wuwlen wazeiiAnmstaandausii
uaﬂfamﬁy'lumsm\a'eNf:"lﬁ'ﬁmﬁﬁﬂmﬁw?wammﬂ?mm APS fuszuuiild TEOS WS 10
va TesldnszuumsnanesaziSine APS @eaiy &o 2.5, 5.0, 7.5, 10.0 uaz 12.5 phr

AN U

2.4.4 oninavf5anes TEOS luszuvmsSamluaiwy Sok-get process
nanInAaedluiafe 2.4.3 Wy APS Usin 7.5 phr Iinamsvaaesiiiga Seiinis
msulslTuna TEOS fdFuna 5, 10, 20 ua 30 wa Taeld ApS UTuanaifl 7.5 phr naafely
[ 3 14 Yy ¥
gaInAsgas F, Tumsedi 2 denaumae¥auds i lfedssamfusunaaey sainels 7
o o a g Y 2 o ] a A
WnQNiNewaIe 1 linadeuanuudeussvesmsanlsrauundon nuuen wns

Q2 a

Vv
andamstanavaasii

24.5 ndwavilauaziSnamesarsiiunisiaia
finyBniwavesrianazlSinawesmaiunistana Tnoudlsyilamisiiumssada 3
¥ AD ﬁauﬂsuﬁuﬁmscﬁu (Coumarone indene resin), Tats (Koresin) yazWuoants gy
(Phenolic resin) ﬁﬂ?mm 50 phr uazudsysuin Coumarone indene resin ﬁ 0, 25, 50 (o 75 phr
TagldnszuumsinSounuy Sol-gel Process (fip391nA151% Sol-gel Process Unuau1salu
msandszammdsmsnglniiiuna, 24 F2lusdann AIUITVY Moisture cure process
awmnsalumsdnlszaundinisusluianas dgasnuaasdansisdi 3 uasld TEOS

2 4 1 o a @ Qy 3 q’l o o o
Uawas 10 wa ienauniaadouds shldalsyamsudunaaen snel? 7 Tuhgamgiiies
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ua'm ‘Lﬂ"l‘l_l‘ﬂﬂ’d’e)‘IJﬂ’J’lllll‘lNLLi\i‘UENﬂTSﬂﬂﬂiwﬂW‘uLmUmﬂu wuuten uazaniRnstaRanss

me

Maei 3 gasnafiwlssfiamarfSnamafiumsiana

Ingredient Quantity (phr)
F, F, F F, F, F
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ENR-25 100 100 100 100 100 100
Koresin 50 - - - -
Coumarone indene resin - 50 - 0 25 75
Phenolic resin - - 50 - - -
Na,CO, 3 3 3 3 3 3
Wingstay L 1 1 1 1 1 1
Bisphenol A 10 10 10 10 10 10
APS 75 15 15 15 7.5 7.5

2.4.6  answarhmiinluagavesasssuridswonlud
:’ s an &l ey 1a L4 9
antmiinluanavesesssumddwen ladfifinyewenlad 25 mol% Tasmsariedas
. E4 14 v ¥
Lﬂ?mUﬂmqﬂm@,ﬂﬂﬁaﬁmmmﬁumug{ué’ﬂma 6 12 A7 14 17 Tumsdufiumsamimmin
. 3 ¥
Twangahmsulsnaiii 30, 60 uaz 90 WA awdEy dievmsamimin Tuananuna
14 $ kY L} v a A a o :l ar = ¥ a [y
asnarud i llazaiedie Ingduy melaTziinhmin luanamde AematianisSannu
b4 t b4
nilavesmsazasivens nasminhenisumsmsamiminTana wuaSeumalagld
4 4 < ° a
ASZLIMMIATOUULY Sol-gel Process Tneldgns F,, Tuarsied 3 ionauntuatonds wilysa

a o a
ﬂi”ﬁﬂlﬂ‘ﬂ‘b"lﬂﬂﬂﬁ@ﬂ Fana13 7 auwamwﬂuﬁammm i limameuaiuudwsweensaa

U

a

Uszenuuuudoy wuulen uazaunmmwﬂmwﬁamiﬁw

24.7 MINATOUAIMUTINTIUMUVIROU (Shear strength) MNAATGI ASTM D2399
ﬁ1ﬂ1'.n7'im§ﬂu"lﬁ'mvuuvéu"1ffuawuw'uwamﬁnwaﬁmﬁﬁumsswwuaw (PET) 1101w
dsznuueiu it urduwaa@ndhdneduy Tﬂﬂaﬂymwmawumaammmm5‘1J'v1 2 lups
nATULRazA T TN T U061 5 Fudainald 7 u wamﬁnwm;wa‘lﬁmmwm P
i ldnageumsauuion dremismagevauinisis AN UDINITARTE Y

3y [} .
wuueuinundus uiougegadeRuinant szaty feaumsi 1
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Shear strength (kPa) = F/(Ax1000) )

[ ¥
e F = ussqugaiilffuusunaeunga ()

4 [
=

A = AUNMININI (wns)

234 cm

a) 0.32em

r * (409

1 l 826 cm

0.32cm (18%) 2354cm 0.32cm — 3147

sow kerts \ () 3]

254 cm

1)

Q7

2 anHTIUNATLLAZIMIRIvRINMIANYSE LIS o

=h.

il

24.8 misnaaeva T uuylon (Cleavage peel strength) AVNANATFIN ASTM D3807
L) s o Y 1 L 1 a v ' 3/ o 1 a
hinafieSonldmuuiu Iduazuiunara@n PET udaszauein I8 uuriumarasn
v (] v b 4
Y laodnyazvesdunaceunmasdazlii 3 lumsnameuusazaialdfunaceniiedia s
2wy o A ay v S @y 2 Y &
Fudeiiald 7 Suiigunglitesldmudada udni lunaaeunmsawwulen daumismanoy
wa =2 ' I~ a o = X 1
auUAMIAY MAuLTwsveImsAnyssauuuulen fuimuseiildludengagadenin

¥ .
AUBITUNAT B URITUNITT 2

Cleavage Peel strength (N/in) = F/d @)
ti:l d' YR Qy a W
Us F = lLi\iiI\?ﬁﬂVll“]fﬂ\‘i%u‘]fuvl@ﬂ@‘ﬂﬁ@ﬂ (u’mu)
d = Wufimsmn (97)
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25.4 mm (1")

[
- Ll

76.2 mm (3")

76.2 mm (3")

. ﬂ 1"

q" | a
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a [y [} :’ a [ d
2.4.9 msnageuaNyanseanans Y MNNASGIUATAAMNIATINATINATINS (MO,
521-2527)
o d' a Y ] 9 [] a 9/ o ] 9 [} a
winnnwion lainmunesu 1duazisiuwaiadin PET uanhwny Ifasurduwaradn
[ 1 4’,' slay Qr 1 a’l n’/’ Qy 9/ Q d‘ a gy 9
Uszauiy lumsnaaevudazassldFunageusess s Sudangl? 7 Tungangiiviesliang
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Fnia udni lluginduna 24 2 Tu4 wd i lnareumstwnudeouluriusaiesums

nagouluvindo 2.4.8

2.5 Ham3IvemazInsaina

a a s d
2.5.1 answaver/sunes APS Aaszuums Jam luduuy Moisture cure process
a a a [ [ o .
AnuantwavestlSum APS  luszuunagzsedunis Santluduyy Moisture  cure
4 < ) = LY Qy @ 6’/’ Q’l as {
process  amisumuadawdnildGadssausuFunaaou iy PET  Seite12 7 Sud

guvgiives udnh lunadey anudumiudeusaen anudmiudeusudou uazauila

U

2 a

o ' v Y P
NITUAAAN QUL U hlﬂwaﬂ'ﬁﬂﬂaf’.NQ\jzﬂ‘m 4uae 5
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0 I T | 1 ! |

Maximum Clevage Peel Strength (N/in)
©o
1

0 2 4 6 8 10 12 14
Quantity of vulcanizing agent (APS, phr)

o o a . =
il 4 AN Ve IMARlsTaMUUengIaAYeIM IS UL Moisture cure processil

uilsif3anas APs
350
—o— Before soaked in water
E 300 —8— After soaked in water
< 250 -
=
= 200 -
£
f 150 -
3
= 100 -
E  50-
£
Q 0 T T T T T T
>

0 2 4 6 8 10 12 14
Quantity of vulcanizing agent (APS, phr)

311"7; 5 muduswesmsAnlsramunuoutoua n¥uniivesn 12330y Moistare cure
processfiu/saf3anas APS

mﬂsﬂﬁ 4 way s wuhmsiuSua APS deswaldnafinu Wuanuud s g
1umsﬁﬂﬂswmuiusﬂxmummmuwmmmmmaumaﬂ Aanudiumuseuslengega
woza s o undaugih mmuﬁmmummaﬂmﬂsmm APS (11U 7.5 phr A3
USines My APS ﬂsmmz;mmmummﬂwﬂ:nmwum“lumsmﬂizmummﬂummm
maifeuTosvesens ENR Tauld Aps UBEITUY Moisture cure process HaN1iAAUA NGB
usaReu anudumiudsusalen Lmwmmmumummumauwauwmfm (104910015

mﬂﬂgﬂsmmmauTmﬂmamiusﬂ‘n 6 dalul§Asenils Bisphenol A 1fuensi3al§Asen v
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IdRamsdarwumiudwenlas o Faimsnrunugavgiilineifi 180°C ﬂmmﬂuuwuﬂaﬂw
iy (-NH,) mmﬂgnwmmmﬂwﬂmwmmzmuawen%ﬂmmﬂﬁeaﬂ YufailuRuse
avonlad-eliy 18a15AGund1 ENR-APS Precure material mmmm‘wﬂmnﬂmﬁam'luclf

Tﬂﬂm's"l,aTﬂs"lacmuawﬂ'J'uuuuﬂlawuﬁaﬂ‘nuaaﬂanﬂmaa (-Si(OC,H 5);) mmmﬂums
wau‘lmwuﬁwm"lmau

ENR

ll,?‘\

(Clt), —st—©E0, APS
precuring at 180°C
(catalyzed by bisphenol A)

(CHL,), wae Sl =={OLY),

ENR-APS precured sheet

hydrolysis
and
condensation

] "
(CH}y ——-51--0-—11.—‘(3(&),

moisture-cured vulcanizate

'iil"f; 6 nalamabonTasuosens ENR laellif APS (Hashim, et af 1995)
g1t 4 wae s aunafi APS flSuna 7.5 phr  Tanuudauselumsiszaugaiiga
sloannifiuyfinad aps mmsa‘wmgﬂsmmﬂwummauﬂmn ENR-25 18 TulSinaigsiiqa
uammu“lusﬂ‘n 5 wmmammmmummmmeuﬂmuwwmmm‘lmwuu Moisture cure
process A 1aAAINAT9INA U UL Lummﬂwuﬁwwauimmﬂﬂvm@msaﬂmmamam

1weauuemmamumm%‘lum i)QfNNa1ﬁﬂ31MLLﬁJQ!L§GLLUHLﬂE]uﬂﬁ\mqﬂﬂﬁﬂﬁﬁ
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2.5.2 answavesiSuas APS woszuumsiantlusiy Sol-gel process
2 a a L] 1Y o F s 4
AnYIenIwavesssuvuazszaumstam lud  TagldszuunisSan luduuy
Gy { o é
Sol-gel process IauuilsilSinas APS ASana 0, 2.5, 5.0, 7.5, 10.0 uaz12.5 phr Fundey 14
[ v ¥
Y3uat TEOS AeiiiifSue 30 was 10 wa donauniiasouds i llAadssaususunadey
o :,’ Q’l o o =Y o < a
19ty PET fafie13 7 uiiqungiideswdriuh lunadoun s wesmsiaysy ey
& wa R a Qs l:‘ 9/ s d'
Uen unnBeuuasnasevauiansiaravdaust Tdwansnanesdsglfi 7 uay 8

18
16 1 —+— TEOS 30 ml
14 —=— TEOS 10 ml
12 A
10 -

n)

1

Maximum Clevage Peel Strength
(N/i

0 T T T T T T

0 2 4 6 8 10 12 14
Quantity of vulcanizing agent (APS, phr)

giln 7 anuduswesmsiadszamuuengagavesmaszuy Sol-gel processiitiils
Y3 APS

450

400 -

Maximum Shrear Strength (kPa)

250 9 * ——TEOS 30 ml before soaked in water
—%— TEOS 30 ml after soaked in water
200 —4&—TEOS 10 ml before in water
—X*—TEOS 10 ml after soaked in water
150 A
100 -
50 -
0 T T 1 1] Ll T
0 2 4 6 8 10 12 14

Quantity of vulcanizing agent (APS, phr)

31 8 aamndanssvesmsRalsrmumniiouneuasnd e smszuy Sol-gel

process‘ﬁuﬂﬂﬁu1m APS
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N3 7 uay 8 wmmm:numuwmmamamaumaﬂ Anudmmudeusalengaga
wazsmnudnmssus ufound i veesmaild TEoS USu1a 30 wa fimgegaiield
APS 2.5 phr Uazn 27 19 TEOS Y11t 10 ua fifngqegaiiiold APS 7.5 phr Feliorunauatn
U3 APS 71 2.5 40z 7.5 phr uSinaiit Aps aseinlgiseudufaiussidoulody
6% ENR-25 Témysal unzwuiniildszun Sol-gel process A s wueun g
umﬂwu mmmﬂmmmmmﬂgmmicﬂa -afitaaszeioos Inddina fWaidliusudydan
ndsnmang i Taona lnmsfiadgfonuy Sol-gel process weraadelugilito w¥ouduns
mﬂmﬂmsaam"lwf"lﬂTﬂUn1svmmit,ﬁsmtswamnﬂﬁ%’nﬁunw“lmiifamama “Dudy)” Tag
msfaeugion Teos WiludinmTaumsiia Ugnsnmslelaslafauasasvuiuves TEOS

uaaelfATedagaldi 10

“‘Mﬂf““
OH + Si(OEY,

H N\(CH,),—Si—(om),
p ’\L\—va ’ TEOS

ENR-APS nctwork hydrolysis

condensation

H N\(CHz)y— i—OH 1@

in situ formed
silica particle
H
WW o
H N\(cm)x—qx—o—
ENR-APS-sol-gel vulcanizate OH

310 9 nalamsidiealuaves ENR-APS &2 TEOS Tuszuw Sol-gel process (Hashim, et al

1995)
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hydrolysis
E=S-0CH; ¢+ M0 oGO  + CHOH
alcohol
densagon .
=Si—OC,Hs + HO—SIS Tt =5; —0—Si== + CyHOH

Wwater

condensati
=GimOH + HO—SItS ot 225 —0—Si=S + H,0

Overall reaction
SHOCHs)Ys + 2H,0 === &0, + 4CHOH
sUh 10 dgisenmslalasTagdanazarvmivves TEOS (Hashim, ef al 1995)
) s .
1ngl 8 Awmnudumudsusuioundauiwesnaild TEOS Ysuia 10 vauaz 1y
a o 1 { a <1
APS 15111 7.5 phr  Tifigen31n1an1Y TEOS 1f5uan 30 wuazld APS 2.5 phrifluwauiain
a a aaa r'd [] [ a
71519 TEOS 15wt 10 wauaz 19 APS 7.5 phr iiml §Aser Idauysaind mindnuuzasn1am
a a i v @ Y] @ @ o 4
14)5u TEOS  TwalSuaiiumnaedy e dnuazvssniamasninnsdani luguds wold
¥ Y
oy oy 1 =y lé =Y s, oy ]
TEOS 30 wa Imsvsssanuiaduuuiie |fuasurunaradn Fufadaniuinduldou'll
Y o d? P ) 1 9 wva a 9 ~ 9
gsailutemeinuee awaldauifiranavesnaesas Iuasnnisld TEOS 10 ua
Y] I Y d g 1 aa a d? dy Y 1 a o Y
ANYAULYDINIMAI1AN1T a1 lududq lulinedanunaduuwiis IHuazununataan vl

b
ansarnduenaiuilemenduld

a aQ o Q’ R a \ QLA
2.5.3 answayHauazdSnamsinmsananeaNlinveIn?

Anu1dninavesriauazalSuiavesmsiiun1siaia ¥994012819 ENR-25 lagnanod
Idensiiunsoada 3 wiia Ao A2 1IUBUAUITTY (Coumarone indene resine), 19435 (Ko-

. a = . . Yy A a Q@ a d0.qY a
resin) UagWUBANISHY (Phenolic resin) Hdudona1TNuMsTaaan1lnauawsolumsan

] { o a ) A a I~

Usgaufinigenga witwdsiSummsnunissedaiiiu o, 25, souaz 70 phr Taeld

Y = wa [ luy a o 1 V) 3

ATLUIUMTIATUNUDY Sol-gel process (890 nTiaulianaInsuti fudansend nasvniiuy

o o a w Qy Y a LY d’ '] wva < =
i laadssauduFunamey Iduazwaradnuduioni lnageuaniifn1nuudusansoa

v [
Aaneuuazraimsunil ldnamsnanssdwaasluglii 11
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Before soaked in water

kp
N
[—]
(=]

)

[ After soaked in water

ngt

W

u:

S
]

S

W

=

=
]

N

9]

)
)

\

Coumarone Ko-resin Phenolic resin
indene resin Type of tackifier

722777
7777

gﬂ’r’i 11 ﬂ'Jmu%mswmms?m'1Jszmmmmﬁ’aun'auuawﬁawﬁﬁwmﬂnﬁ”lﬁff’mssﬁmmsﬁﬂ
CIERITEIRE
g7 11 WuTaae19 ENR-25 ldmsitunistanafiSunamhy & A8 50 phr WUN
iR susuius sy 1wmmmmumumumaauﬂamm‘vwmmm%mmﬁzm Wit
dosmnaaamnsalumsdaiu1dss gMINmIRIMsEaRasTaiituee ENR ifesnrna
ﬂm&mawaqTﬂiqasmummﬂmsmaumuawaﬂ"lcm°luTﬂsaﬁs1wmsmuau,msmumsem
anwiail m"lmﬂﬂwummmuimanaem ENR-25 1a@
nmmﬂuuvnmﬁszﬂsmmmmkuﬁuwum&?u fiSua 0, 25, 50 wag 75 phr Tagld
ﬂ‘in’JumiLﬂiﬂNuU‘U Sol-gel process tiipaninflautiansugihanh it 18aalszaudy

‘]fu?lﬂ’ﬂi]‘l] ummﬁauauummaq ulﬂWﬁﬂﬁ'ﬂﬂa@\‘HLﬁﬂ\‘iﬂ\ﬁﬂVl 12 uag 13

- ek et e N
S N A &N 0O
| ]
1

Maxim Clevage Peel Strength (N/in)

S N A &
'

1 T T

0 20. 40 60 80
Tackifier loading (phr)
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g 450
~ 400
..E ]
2 350
£
#» 300 A
e h
%3 250
g 200 4 —¢— Before soaked in water
=
E 150 A —=— After soaked in water
S 100 -
50 -
0 { T i
0 20 40 60 80
Tackifier loading ( phr) -

1 13 amuduswesmsiadszananudeoudowmnsni s thvesnfulsiBinaia
wlsududus gy '
103U 12 uag 13 nuhaNuaUMUAsus uieugega sanudumudsuseen
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dgh uazanuamuABus WRBUndwah T uistudndessuiigegaiinis 14
i TsuduAusdu A5 25 phe udrSuua Idvanag esnnmsnaumsiunsoanaly
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Usmnaanadivly Snavildidenntiniwudusonas msgarsiunisiage liaus o
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sTumMNnENEIsUTIROWen led  AllimdnTuagaoglugae 195x10%4.77210° Tag
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“l‘lfix'uu Sol-gel process il1ﬂuuuﬂﬂﬂﬂﬂizmuﬂuwu‘ﬂﬂﬁﬂu HAINATDUANUUYULTIVOINIG
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- 30
z 23_.17
£ 25 [
E |
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= ~ 18.33

< 20 14.78 - I
o 14.84 )

T 15 4
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A

go 10 -

g

2

O J

= 5

g

'§ 0 T T T

p= 477,000 234,000 197,000 194,000

Weight average molecular weight (g/mol)
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