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ABSTRACT

Reactions between chlorinated or brominated poly(isobutylene-isoprene) (CIIR and BIIR, respectively)
and 3-mercaptopropyltrimethoxysilane(MPS) were kinetically studied by gas chromatography in solution
state. CIIR and BIIR were mixed with MPS and dibutyltin dilaurate as catalyst on roll mill and then
the compounds were cured in hot water or atmosphere.

From the gas chromatography, reaction order, activation energy, and frequency factor were determined.
Crosslinking density and physical properties of moisture-cured CIIR and BIIR were measured.
CIIR and BIIR were effectively moisture-cured and physical properties of these rubbers were comparati-

vely good.

G2 FPnF
3 PYFE RALFE
s Fold g4 w=E BEFY
el Wiy, A7-AY, WA, ZIARF
A Fol $53t7] wEel AEF} glolole] in-

20

ner liner%, WAA FujoloidlE, 285~
71et 344 HF, M/ HAAR T AHEHL
ch? ze o)y m¥E WYl o
7haste] Ego] v HAFo] glon =F slE
systemel] i = 3§ o] 437} diamine,
thiourea, dimercaptan® A}&-3le bhisphenol 3}
= wWeoly ZnOE o]43tw uhie]l d# A



gzAs 279

F7kae] g A7)

Aot o] F tm AAHE dgrtart o8y
ArejBobell A H4- 9l AlEE wolgicl.

259 A&47lW system A oA E
Aekd 4 e WHoRZA o A7AE= AF A

PAE o] 87 7l systeme) FHT
o2 QA5e] gton Yamashita SV o4
At AZHAE o] 43 ghAdA 2 ol A7
A7b AR ol A4E W8T} silane 3}
524 3-aminopropyltriethoxysilane#2] =7}
ol g APV} o] FolA grovt APSE
o] 4% At LAH A gL 4F °3'%
A5k kol A WA whgAge] 55
1} Al roll mixing® ”3-$- 3-aminopropyltrietho-
xysilane™ T2 A wkg-o A w3 B
of 9)sjA 7lar} AP E v e Eeuks&
kb ok nuse] gchd

2 AFdaE ARGV o]e] CIR =&
BIIR2] &4t A% AZFHAZA 3-mercap-
topropyltrimethoxysilane(MPS) #¢] 4§ 9
MPS¢] tZA]A 7)o Z¢ubs-& o] 4F AE
&+ Fd) 2 7t Wy & Ndsbr] $15ke CIIR
5 BIIRF MPSS] &A A o] 4] 2] uk-g-of] ot
&2 d3F slgoen w3 o]F material S
A IFEA widtsldE W FrlmAe)
A B diste] 223k,

L 4 3

1. A8 3 Al

o Chlorinated isobutylene-isoprene rubber
(CIIR) : Polysar Chlorobutyl 1255

o Brominated isobutylene-isoprene rubber
(BIIR) : Polysar Bromobutyl X2

o Silane coupling agents : Y& {SH{LBITZE
) ®
3-Mercaptopropyltrimethoxysilane(MPS)

o Dibutyltin dilaurate : Q2 FCHIZECER) B2,
E5Alef

o n-Undecane : Swiss Fluka#

o Methanol, Ethanol, Acetone, Toluene %
Al EFAIY
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Table 1. Condition of gas chromatography

Column®~ 10 10% OV 101 WHP 80/100
2m 1/8"

70~230T (15C/min)
Injection temp.  250T

TCD, 150C

N, 20ml/min

Column temp.

Detector
Carrier gas

2.2 ClIR % BHR2| 7lu

2.2.1 bfst & ot
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21



BEik B_+t& B

25 20~25C2 A3 3 A4 T 24rpmel A
258 74 L.4mmE 3t 1037 B3 F

228 7H3< 0.04mmE sl gAA S 3E7
28l Fhotr ZAFT)

t}S-o] MPSE CIIR =+ BIIRY &=2A7&
mol¥]7} 1.5 1¢) HEE 7}ska o]ojx DB-
TDLE 0.5wt% 7}shed el &t & 582k Z2dd
g 2¢8 4L 1.5mmE 53 £33 F
sheet2 Fol Wiglen "m—"ﬂ"i pressdle] 70T
9] e AAHSAY m= 75l WA s
7]l 2’ 7}-11-‘_%% ZHEs )

222 78 U= 29 EH

85 54 T daol o8 gel 259
44 B&3 d§ gel o 1Y &3 E§&
223 ¥ Flory-Rehner eg. "o oa T3}
oo AP el Fa}sich

2.2.3 FAIH

7} sheetZ HEl KS 3% @3 Ad

thEe] [j=2cmellA AFAHE FHc).

LEx ARed® AdA%TE 500mm/min
o}
A& AlY 7] extentiometer’} F-2H A E
ZwickAHe] model 1435 wHedAAH7E AL
3ted 100% AAA) 9] $H M3 A9 B
Ty ¥ AAE EgE AEsigch.

2 e g

e ¥ 03".. tlo

=

A3 5 a%

1. &4

T

o
1“0

MPSell 93 CIIR ¥ BIIRY 7} MPS$}
o] & &b A7} ub-g-3}e] silane pendanted poly-
mer7} TE X MPSEwHe] uE-A)A" 79
Sl g3 stuTzrt AdEe AoE w5
Aok gebA stmrzst Y457 9% A
dAZA silane3}dEo] pendant3dt= WHEE
CIIR % BIIR3'+ MPSell eisted galstsdct. (D

7+ ub$-8-& 60T, 80T % 100Tl A wH-gAlA
AAAZE Fol| samplingsted #HEES A7
#A3E Fig. 13 Fig. 2¢] e},

CIIR®} MPS¢ #&2 CIRY #Agx7)

22

OCH;
J\I\N\MIT\I\ANW\I\I‘ + HS'GCHZ—)‘:; Sl OCH3
OCH;
(XIIR) (MPS)
X:Cl Br
OCH;
—S-(CHy >3 Si—OCH;
HX ™ OCH;
(Silane pandanted rubber)
O : 60T
A 80T

Reaction ratio( %)
— >—a
3 3

[}
(=3
T

0 L s L . s
15 30 45 60 75

Time(hr)

Fig. 1. The change of reaction ratio at different
temperature for the reaction of CIIR and
MPS.
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Fig. 2. The change of reaction ratio at different

temperature for the reaction of BIIR and
MPS.
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Fig. 3. Second-order plots for the reaction of CIIR
and MPS.
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Fig. 4. Second-order plots for_the reaction of BIIR
and MPS.
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Table 2. Kinetic data for the reaction of halogena-
ted butyl rubber and MPS

Kinetic data | Temp. | KX10? Ea A
Elastomer () |(i/mol.sec) |(kJ/mol)|({//mol.sec)
CIIR 60 2.57
80 5.09 35 6.5
100 7.13
BIIR 60 1.85
80 350 26 0.23
100 5.09
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Fig. 5. The effect of soaking time on the crosslink
density of CIIR and BIIR.
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Fig. 6. The effect of exposure time on crosslink
density of CIIR and BIIR.
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Fig. 7. The effect of soaking time on My of CIIR
and BIIR.
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Fig. 8. The effect of exposure time on Mg of CIIR
and BIIR.
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Fig. 9. The effect of soaking time on Ts and Es
of CIIR and BIIR.
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Fig. 10. The effect of exposure time on Tz and
Ep of CIIR and BIIR.
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Table 3. The properties of moisture-cured CIIR

and BIIR

Vs Migo Ts Es
10*mol/
em®)  [(kgf/em?)|(kgf/cm?)| (%)

CIR in Water | 35 59 165 250
in Air 3.9 36 178 380
in Water | 3.7 62 135 170

IR
Bl in Air 4.0 63 146 330

Table 391+ CIIR % BIIRY 533 7247
2 7 E2 304 FA FEH FE, 100%
417412 Modulus, A3} E 2 AA48L el
v sict.
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