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ABSTRACT : Effects of type and loading level of process aids on the rheological and mechanical properties
of styrene-butadiene rubber (SBR) compound were investigated. Five commercial grades of process aids
composed of fatty acids and their various derivatives such as metal salts, esters, alcohols and amides were
selected. The reduction in Mooney and shear viscosities was higher for metal salt-type process aids, but
lower for the process aids containing high molecular weight fatty acid alcohols and esters with increasing
the loading of process aids. Tensile modulus generally decreased, while heat-build-up increased with increased
process aids content. No considerable effect was observed for ulimate properties such as tensile strength
and elongation at break.
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Table 1. Process Aids Selected in This Study

Type Composition \ Ncu?;tg;lrl* Maker

Fatty acid (50 wt%)

A Higher molecular weight alcohols (15 wi%) 3034 Kettlitz
Zine soaps (10 wt%) Dispergator FL
Inorganic silica carrier (25 wi%) |

B Zine soaps (80 wi%) l6-18 Schill+Seilacher
Potassium soaps (20 wi%) Struk Tol EF-44
Fatty acid (5 wt%)

c Zinc soaps (45 wt%) Schill+Seilacher
High molecular weight alcohol (20 wt%) Struk Tol W-33F
Inorganic CaCOs carrier (30 wt%)

D High molecular weight fatty acid esters (65 wt%) Schill+Seilacher
Inorganic CaCOs carrier (35 wt%) Struk Tol Wb-215

E Calcium soaps (50 wt%) Schill+Seilacher

Saturated fatty acid amides (50 wt%)

Struk Tol Wb-16

*Number of carbon in fatty acids.

Table 2. Compound Formulation of SBR Com-
pounds Investigated

Ingredients Loading (phr) Maker
SBR-1502 | gzapdE3)
Zine oxide 3 L 9l ohod 3}

Stearic acid \ 1 B35

Carbon black (N330) Korea Carbon Black Co.

Sulfur 1.75 v AAHA}
TBBS* 1.0 Flexsys Co.

Process aids Five types (see Table 1)

*N-t-butylbenzothiazole sulfenamide
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Figure 1. Mooney viscosity (MLiws @125°C) versus
process aids content for finally-mixed rubber com-
pounds.
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Figure 2. Mooney viscosity (ML @125C) versus
process aids content for carbon black master-batches.
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Figure 6. Hardness versus process aids content for

various rubber vulcanizates.

120

N’E\ 100

g O

2 ) -0y
2

2 -

3 S

2

? 80 < O -
[=]

(=3

N

60

0.0 0‘5 1 fO 1 IS 2!0 215 3.0 3.5
Process Aids Content (phr)
Figure 7. 200% modulus versus process aids content
for various rubber vulcanizates.

=S
e g W 1 7:13%%514194 Lls

Figure 99} 100l 37 =s}l Sohaldgs 2t

=
2 EAsgle AFEA ) S )
Qe gz s v Seadee St
40 T T T T T T
- -
A
<& v
—~ 38 g bt
o
by v
2 g— =0
2 A
@ v
T 36y —0 — o——
@
T
oy
34 .

0.0 05 1I0 1‘5 2‘0 2‘5

Process Aids Content (phr)
Figure 8. Heat-build-up versus process aids content for
various rubber vulcanizates.

320

T T
£
<
2 v °©
= - -0 4
§300— -
L &
17} A o
2 Iy
3 .
% o -0- =
= 7 -V
&

2801 T T T T T
00 05 .0 15 20 25 3.0 35

Process Aids Content (phr)

Figure 9. Tensile strength versus process aids content
for various rubber vulcanizates.

Elastomer Vol. 37, No. 3, 2002



176 BETF - F-
500 T T T L T
O D

g A

g )

o

<4

2 450 «‘

©

§ T O— — —0

®

g o] A 7

w A Ve .o

S

400 . ; ;

T —T T
00 0.5 1.0 18 20 25 3.0 35

Process Aids Content (phr)

Figure 10. Elongation at break versus process aids
content for various rubber vulcanizates.

ST ol= heEAle] o] FU1gel wel W

P ALAACE A3k Fol wolAA

Zhss QojA 7lazre] Akedels 7t
so] QAR W AP = ARBEE o)
o]

AAE Az FA44e AXAE AT
Z7VeRe Aog AzteE.

JEd

. =

5%9 ¥4YxAE SBR A= Hrlsld #
sty 543 AR £49E ARk g 2
< ds

IS Y 548 TlezAle
B ol A Edhe ez vEhgth
HAzot FddEe F49o] 4984 BY ES
Agew AEiv)t @A Ve, Bl
W g} o 2EE Hrlgsu v

3

T

= =

A

detxxrd 374 A3=E, 2002

o
L

10.

11.

13.

14.

Y,
e

Ir

. Y. G Kang,

v
ol
Ho

A

oo

ok

IE

. B. G. Crowther, Plastic and Rubber International, 9,
14 (1984).

. W. Schuette, Proceedings of Rubber Division Meeting
of American Chemical Society (paper no. 56), Cleve-
land, USA, October, 1996.

. F. M. OConner and J. L. Slinger, Rubber World,
Oct. 19 (1982).

. K. C. Beach, L. F. Comper and V. E. Lowery,
Rubber Age., May 253 (1959).

. N. Tokia and [ Pligkin, “The Dependence of
Processability on Weight Distribution of Elastomers”,
Rubber Chem. Technol., 46, 1166 (1973).

. E. S. Dizon and L. A. Papazian, “The Processing of
Filler-reinforced Rubber”, Rubber Chem. Technol.,
50, 756 (1977).

. G. R. Cotten, “Significance of Extensional Flow in
Processing of Rubbers”, Rubber Chem. Technol., 54,
61 (1981).

. G. R Cotten, “Mixing of Carbon Black with Rubber
I. Measurement of Dispersion Rate by Changes in
Mixing Torque”, Rubber Chem. Technol., 57, 118
(1984).

. G. R Cotten, “Mixing of Carbon Black with Rubber

M. Mechanism of Carbon Black Incorporation”,

Rubber Chem. Technol., 58, 774 (1985).

A. Y. Coran, F. Ignatz-Hoover and P. C. Smakula,

“The Disperison of Carbon Black in Rubber Part IV.

The Kinetics of Carbon Black Dispersion in Various

Polymers”, Rubber Chem. Technol., 67, 237 (1994).

Y. G. Kang, Ph.D. Dissertation, Chonnam National

University, Kwangju Korea (1999).

C. Y. Park, and C. Nah, “A

Theoretical Analysis and Simulation of Power Curve

During Rubber Mixing”, J. Korean Ind. Eng. Chem.,

12, 693 (2001).

D. H. Chang, Ph.D. Dissertation, Chonnam National

University, Kwangju Korea (1996).

A. Y. Coran, “Vulcanization. Part VII. Kinetics of

Sulfur Vulcanization of Natural Rubber in Presence

of Delayed-action Rubber  Chem.

Technol., 38, 1 (1965).

Accelerators”,

. P. J. Carreau, D. C. R. De Kee, and R. P. Chhabra,

Rheology of Polymeric Systems, Hanser, Munich
(1997).



