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Study on the Properties of NR / BIIR

Im Cheol Choi

Department of Applied Chemical Engineering, Graduate School of
Industry,

Pukyong National University

Abstract

Natural rubber(NR) and bromo isobutylene isoprene rubber (BIIR)
compounded with other formulation chemicals through polymer blending
were manufactured via mechanical mixing method. After manufacturing
of rubber vulcanizate with compression molding by hot press, and then
cure characteristics, mechanical properties, ozone resistance and
dynamic properties of NR/BIIR blends were subsequently measured. As
the BIIR contents increased, maximum torque value decreased, however,
optimum cure time and scorch time showed a tendency to increase. With
loading of BIIR contents, hardness increased and at 75wt% of BIIR
hardness showed maximum value and indicated a decreasing tendency at
more than 75wt%. While tensile strength and elongation at break
decreased with increasing of BIIR contents, however, at 75wt% of BIIR
they showed minimum value, and then increased at more than 75wt%. In
the ozone resistance test, cracks by ozone were not generated at more

than 75wt% of BIIR.
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Figure 1. Structure of natural rubber.
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Figure 2. Structure of halogenated isobutylene isoprene rubber.
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Table 1. Basic Formulation of NR/BIIR Blends(phr)

Description T-1 T-2 T-3 T—4 T-5
NR 100 /=& 50 25 -

BIIR b 25 50 75 100
Carbon 50 50 50 50 50
Zinc Oxide 5 5 5 5 5
Stearic Acid 3 3 3 3 3
Sulfur (Oil 1%) 2.5 2.5 5 2.5 2.5
MBTS 0.6 0.6 0.6 0.6 0.6

Total 161.1 161.1 161.1 161.1 161.1
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Figure 5. Maximum torque value of NR/BIIR blends.
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Figure 6. Scorch time(t;o) and optimum cure time(tyy)) of NR/BIIR blends.
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Table 3. Mooney Viscosity and Cure Characteristics of NR/BIIR Blends

T-1 T-2 T-3 T-4 T-5
Mooney Viscosity - 133 118 89 89 94
Scorch
Time t10 min 2.7 34 4.6 5.8 73
(140°C)
ML 2 lb-in 16.7 13.9 10.4 10.1 10.3
MH b-in 39.8 38.3 354 31.1 29.8
ODR !
(1 60°C) t‘]o min 09 1 2 1 5 1 7 1 5
tso min 19 2.3 2.8 3.0 24
too © min 4.8 74 8.9 134 16.6

a) : Minimum torque value (Ib—in)
b) : Maximum torque value (Ib—in)

¢) : Optimum cure time (min)

_23_



i

—r

NR/BIR 1% Ed= wigtE2 58 AZE w3471 &2 2

ol 71Al4 &7& Table 3l

NR/BIIR E#=Aof] QloJA] w3}A] 7] A

p

R

H el A 244

LER St Figure 791
AlH I =3A7)

]
L=

100C<

EE
e
1

of
@

tel NR/BIIR

o]

7}

=

[¢)

3=t

wj 7}4]

]
=

T5wWt%
= 3FA] 7] A

7}eFol

J

S
=

aku) 7} 25/75wt% ol A FH gk

=

BIIR T%29

AAH

B

el
o0
To
)

o

(e}
245

o

. °]= Figure

AE7F =24,

NR ©i#]
BIIR ®Ht} ¢ 4

R Ty

O 2=

o

pu

ATt =+ BIR

=)

Al

NR/BIIR

—

¢+
gl

ol
S

)

)
e

o

R

& NR 157} 7}3HA)

=

NR¥} BIIR®] Fftfn] ot

st=7F

ol A
- 24 -

=

Helq &
FHgs EA
A Yo ¢

=

o] NR ¥ IIR 15 $}9
BIIRS] H XY =

o)
=~



7AW A&E& =4 NR % BIR RuxE @3S BEA AyE HojE Zowg
g&%%q'zz,zs)

7D w3AREE 3] FollA el ofell i) AbsE 7pEEE A7 Akgle]

% AR As| ARAE AWHow Pu W AFFEE Frbsk Ax

RAE gsr & glrh A TFEEAAA Aol NRe] 7ks W d w3}

z7Ad  SlellA cis  TFROA trans TERE . oA} HWA =

=97 (indention) ol W3t A3 HE =, low strain G429 moduluse
N

Fagso] ol HOo® melth

N

_25_



77

76

75

74

73

72

Shore A Hardness

71

70 Unaged

69 100°C x 24hr

68
0 25 50 75 100
BIIR (wt%)

Figure 7. Hardness of unaged and aged NR/BIIR blends at 100°C / 24hrs.
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Figure 8. Tensile strength of unaged and aged NR/BIIR blends at 100°C /
24hrs.
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Figure 9. Elongation at break of unaged and aged NR/BIIR blends at
100°C / 24hrs.
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Table 3. General Properties of Unaged and Air-aged NR/BIIR Blends

Measurement Condition: Unaged

[tem T-1 T-2 T-3 T-4 T-5
Hardness ? 69 71 72 74 72
Tensile Strength ¥ 203 179 170 159 166
Elongation ¢ 360 330 320 300 420
Measurement Condition: 100°C x 24hrs

[tem T-1 T2 il -3 T-4 T-5
Hardness ? 73 74 75 76 73
Tensile Strength 104 103 113 138 161
Elongation © 210 210 230 250 390

a) : Shore A Hardness
b) : Tensile Strength (kgf/cm?®)

¢) : Elongation at break (%)
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Figure 10. Loss % of tensile strength and elongation at break of NR/BIIR
blends after aging at 100°C / 24hrs.
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Figure 11. Heat build-up of NR/BIIR blends.
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Figure 12. Gas permeability coefficients of NR/BIIR blends.
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T1 - 24hr T2 - 24hr
T1 - 48hr T2 - 48hr
T1 - 72hr T2 - 72hr
T1 - 96hr T2 - 96hr
Figure 13. Photographs representing ozone resistance test of NR/BIIR

blends at 50°C / 96hrs.
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Table 4. Ozone Resistance Test of NR/BIIR for Various Measuring Time

Test time T-1 T-2 T-3 T-4 T-5
24hours (il 2 B3 NC NC
48hours C1 C3 B3 NC NC
72hours Cl C4 B4 NC NC
96hours C1 C5 B5 NC NC
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Figure 14. TGA thermogram of NR/BIIR blends.
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Figure 15. DTG curve of NR/BIIR blends.

_42_

1000
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Figure 16. Storage modulus(E’) of NR/BIIR blends.

_45_

50

60

70



1200

1000

800

200

0

-80

-70 -60 -50 -40 -30 -20 -10 O 10 20 30 40
Temp. (°C)

Figure 17. Loss modulus(E”) of NR/BIIR blends.
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Figure 18. tand of NR/BIIR blends.
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Figure 19. tand of NR/BIIR blends at 60°C.
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Figure 20. Tg of NR/BIIR blends.
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