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Preparation and Properties of Bromochlorinated Butyl Rubber
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Education, School of Materials Science and Engineering , East China University of Science and
Technology, Shanghai 200237, China; 2. Jiangsu Shengjie Industrial Co. Ltd,
Nanjing 210007, China)

Abstract: Butyl rubber was chlorinated to form chlorinated butyl rubber (CIIR) in non-intermeshing
counter-rotating twin-screw extruder, and further brominated in hexane solution by liquid bromine at 80
‘C. Bromochlorinated butyl rubber (BCIIR) was obtained and characterized by proton nuclear magnetic
resonance, thermal gravimetry and rotorless curemeter. Results show that CIIR with the mass fraction of
chlorine 1. 1% is prepared by chlorination extrusion process. Secondary chloro allylic structure in CIIR is
facile to achieve when the temperature of chlorination extrusion is in the range of 100—110 °C.
Furthermore, a small amount of isoprene structure is still in CIIR. The mass fraction of bromine in BCIIR
is in the range of 0. 2%—0. 8%, and increases upon the increasing of the amount of liquid bromine. The
bromination of CIIR results in decrease of weight-average molecular weight and unsaturation degree of the
rubber. However, the unsaturation degree of CIIR retains about 1. 2%. The thermal stability of CIIR is
improved with bromination. The thermal decomposition temperature of BCIIR is higher than that of CIIR,
and enhances with the increase of mass fraction of bromine. The rate of vulcanization of BCIIR expedites

markedly, which is 5% higher than that of CIIR, and 14% higher than that of butyl rubber.
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Table 1 Characteristics and chlorination process of five CIIRs
Sample n/(r s min" 1) gm/(kg+h™1) Appearance w(CD /% M, PDI
CIIR-1 # 170 3.152 Pale yellow 1. 16 401 800 1.522
CIIR-2 £ 150 1. 330 A little yellow 0. 96 292 300 1.56
CIIR-3 # 150 1.013 Light brown 0.95 370 000 1.77
CIIR-4 # 164 2.188 Brown 0. 89 / /
CIIR-5 # 125 1. 507 Pale yellow 0. 84 392 400 1. 39
1IR-6 & / / Pale yellow / 362 500 1.42
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Fig. 2 Temperature distribution of various reaction zones for different samples prepared by chlorination extrusion
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Fig. 4 Butyl rubber particles in the screwer during

chlorination extrusion
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Table 2 Chlorine mass fraction in CIIR prepared by chlorin-

ation extrusion

w(CD /%

Sampling spot Oxygen bomb Oxygen bomb

combustion-1C combustion-titration

Outer surface

1.43 1.45
layer (left)
Central 1.50 1.48
Outer surface
1.46 1. 46

layer (right)
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Table 3 Integral area ratio of proton peaks between 3.0 and 6.0, bromine mass fraction and molecular weights of BCIIRs

V (Bromine) / Integral area ratio w(Bromine) /
Sample M, PDI
mL 5.350 5.07V 5.01(5. 00" 4,200 3.70~3. 75" %

BCIIR-1 0.1 1.58 0. 60 0.68 1. 00 7.85 0. 20 204 700 2.01
BCIIR-2 0.2 1. 38 — 0. 87 1. 00 9.53 0. 35 169 900 1. 96
BCIIR-3 0.3 1. 45 — 1.05 1. 00 7.21 0. 40 236 300 2.00
BCIIR-4 0.4 1. 81 — 0.97 1. 00 7.75 0. 65 184 500 2.36
BCIIR-5 0.5 1. 65 — 1.23 1.00 11. 38 0.70 200 600 2.18
BCIIR-6 0.6 1.58 — 1.14 1. 00 0.55 0.73 206 600 2.14
BCIIR-7 0.7 1.53 — 0. 94 1. 00 2.21 0.75 175 900 1.91
BCIIR-8 0.8 1.47 — 0. 81 1. 00 2.58 0.75 166 300 1. 86

CIIR — 1. 25 0. 54 0. 55 1. 00 2.66 — 255 800 1.72

1) Chemical shift

(a) BCTIR-1 (b) BCIIR-2
L 1 1 1 1 1 ] L 1 1 1 1 1 J
6.0 5.5 5.0 4.5 4.0 35 3.0 6.0 5.5 5.0 4.5 4.0 35 3.0
o 6
(c) BCIIR-3 (d) BCIIR-4
L 1 1 1 1 1 J L 1 1 1 1 1 J
6.0 55 5.0 4.5 4.0 35 3.0 6.0 5.5 5.0 4.5 4.0 35 3.0
o o
(e) BCIIR-5 (f) BCIIR-6
L 1 1 1 1 1 J L 1 1 1 1 1 J
6.0 5.5 5.0 4.5 4.0 35 3.0 6.0 55 5.0 45 4.0 3.5 3.0
6 S
(2) BCIIR-7 (h) BCIIR-8
e )MJ‘T
L 1 1 1 1 1 J L 1 1 1 1 1 J
6.0 5.5 5.0 45 4.0 35 3.0 6.0 55 5.0 4.5 4.0 3.5 3.0
) S

5 ORRERAL AT i AL T 2 AR B 9 H-NMR [&]
Fig.5 'H-NMR spectra of BCIIRs brominated at different process
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Table 4 Unsaturation degree of CIIR and BCIIR

Unsaturation degree Decrease of

Test method

unsaturation/ %

CIIR BCIIR

Chemical titration 1.57 1.21 22.9

'H-NMR calculation 1.46 1.12 23.3
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Mass residual/%

201

0 1 1 1
50 150 250 350 450

Temperature/ °C

6 CIR FIA RV & 4t #) BCIIR #y TGA [&]
Fig. 6 TGA curves of CIIR and BCIIR with different

bromine content

&5 CHRAARBE &K BCIR 1 TGA 7
Table 5 TGA data of CIIR, BCIIR-3 and BCIIR-5

Sample Tasy /°C Ty /C Char yield at 400 ‘C/%
CIIR 300. 6 326. 4 0.13

BCIIR-3 303.1 336. 3 10. 17

BCIIR-5 291.3 345.1 22.13
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Fig. 7 Change of torque with time during rubber

vulcanization process
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Table 6 Vulcanization properties of IIR, CIIR and BCIIR

Sample T/C My /(102 N » m) M; /(102 N « m) 1o/ min Loo /min Rate of vulcanization/(mol « s~ 1)
I1IR 170 26.62 6.23 3.25 9. 66 7.75
CIIR 170 28.54 5. 36 3.16 8.76 8. 39
BCIIR 170 31.23 4.76 3. 04 7.89 8. 83
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Fig. 8 Vulcanization curves of IIR, CIIR and BCIIR at
170 C
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