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ABSTRACT: Zinc salts of ethyl, isopropyl, and butyl xan-
thates were prepared in the laboratory. The effect of these
xanthates in combination with zinc diethyldithiocarbamate
(ZDC) on the vulcanization of silica-filled NBR compounds
has been studied at different temperatures. The cure times
of these compounds were compared with that of NBR com-
pounds containing tetramethylthiuram disulphide/dibenz-
thiazyl disulphide. The rubber compounds with the xan-
thates and ZDC were cured at various temperatures from
60 to 150°C. The sheets were molded and properties such as

tensile strength, tear strength, crosslink density, elongation
at break, compression set, abrasion resistance, flex resist-
ance, heat buildup, etc. were evaluated. The properties
showed that zinc salt of xanthate/ZDC combination has a
positive synergistic effect on the cure rate and mechanical
properties of NBR compounds. © 2006 Wiley Periodicals, Inc.
J Appl Polym Sci 102: 5680-5683, 2006
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INTRODUCTION

Natural rubbers (NRs) and synthetic rubbers differ in
vulcanization characteristics and vulcanizate proper-
ties. Compared to NR, synthetic rubbers are vulcanized
with higher concentration of accelerators with a corre-
sponding reduction in sulfur. Synthetic rubbers do not
stress crystallize as much as NR and hence the green
strength and tensile properties of the gum vulcanizates
of synthetic rubbers are inferior to those of NR.

Nitrile rubber (NBR) is a copolymer of butadiene
and acrylonitrile and it comes under "special purpose
synthetic rubbers."' It has excellent oil resistance but
is subject to degradation at very high temperatures. 2'3
It is widely used in products like oil seals, water pump
seals, blow out preventors, fuel lines, hoses, fuel pump
diaphragms, etc. because of its high oil, solvent, and
fuel resistance and gas impermeability.4

NBR shows no self-reinforcing effect, as there is no
crystallinity. So the unfilled vulcanizates have very
low tensile strength.5 When used in combination with
reinforcing fillers, vulcanizates with excellent me-
chanical properties can be obtained from NBR.6 There
have been a number of studies on the reinforcement
mechanism of fillers involving vulcanizates.7-10 Stud-
ies on filled systems have also been reviewed by
Kraus" and Voet.12 It is generally agreed that strong
links exist between rubber chains and reinforcing fil-

ler particles. 13,14 Zinc salt of xanthate/zinc diethyldi-
thiocarbamate (ZDC) combination is found to pro-
duce a positive synergistic effect on the mechanical
properties of gum and filled NR compounds.15,16

Vulcanization temperature is very important in det-
ermining the quality of the rubber product. Optimum
properties are obtained when curing is done at the low-
est possible temperature. In the rubber industries, the
rubber products are molded at very high temperatures.
In addition to the high energy consumption, high tem-
perature vulcanization will also affect the quality and
lifetime of the product. Zn(bxt)2/ZDC accelerator com-
bination is found to vulcanize NR at lower tempera-
tures, even at room temperature.17 It is found that the
mechanical properties of the NR vulcanizate is
improved with decrease in vulcanization temperature
and is reported to be maximum when the vulcanization
temperature is 60°C. The low temperature curing prop-
erty of xanthate/ZDC accelerator combination is inves-
tigated through this work.

This article reports the vulcanization of silica-filled
NBR using zinc salt of xanthate/ZDC accelerator
combination at various temperatures and the effect of
temperature of curing on the mechanical properties of
the vulcanizates.

EXPERIMENTAL
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NBR [acrylonitrile content: 33%, Mooney viscosity
(ML(1 + 4) at 100°C: 40.9)] was supplied by Apar



LOW TEMPERATURE CURING OF SILICA-FILLED NBR COMPOUNDS 5681

TABLE I
Formulation of Mixes Containing Varying

Amounts of Zn(ipxt)2

Mix Al A2 A3 A4 A5 A5

NBR 100 100 100 100 100 100
ZnO 4 4 4 4 4 4
Stearic acid 1.5 1.5 1.5 1.5 1.5 1.5
Zn(ipxt)2 0 1.0 1.25 1.5 1.75 2.0

ZDC 3 1.5 1.5 1.5 1.5 1.5
Sulfur 1.5 1.5 1.5 1.5 1.5 1.5

Polymers, Gujarat. Compounding ingredients, i.e.,
zinc oxide, stearic acid, ZDC, dioctyl phthalate
(DOP), silica, and sulfur, were commercial grade.
Denatured spirit, isopropyl alcohol, n-butyl alcohol,
potassium hydroxide, carbon disulphide, diethylene
glycol (DEG), styrenated phenol (SP), and methyl
ethyl ketone (MEK) used for swelling studies were of
reagent grade. Zinc sulfate used for precipitation was
of commercial grade.

Zinc salts of ethyl, isopropyl, and butyl xanthates
were prepared in the laboratory according to the pro-
cedure reported earlier.18 Silica-filled NBR compounds
were prepared using zinc ethyl xanthate [Zn (ext)2]/
ZDC, zinc isopropyl xanthate [Zn(ipxt)2]/ZDC, and
zinc butyl xanthate [Zn(bxt)2]/ZDC accelerator sys-
tems. A reference NBR compound containing TMTD/
MBTS was also prepared. To optimize the amount
of accelerator for vulcanization, the concentration of
Zn(ipxt)2 was changed from 0 to 2 phr as shown in
Table I and the concentration of ZDC was changed
from 1 to 1.75 phr as shown in Table II. The cure char-
acteristics of the mixes were determined using a Goett-
fert elastograph model 67.85 as per ASTM D 1646
(1981) at 150°C. The minimum torque, maximum tor-
que, scorch time, optimum cure time, and the cure rate
of the above mixes were reported in Table III.

NBR was compounded on a (6 x 12") laboratory-
mixing mill according to the formulations given in
Table IV. The optimum cure times of the compounds
were determined and are reported in Table V. NBR
compounds were molded in an electrically heated
laboratory hydraulic press at various temperatures
from 60 to 150°C upto their optimum cure times at
a pressure of 200 kg cm-2. Dumbbell-shaped tensile

TABLE II
Formulation of Mixes Containing Varying

Amounts of ZDC

Mix B1 B2 B3 B4

NBR 100 100 100 100
ZnO 4 4 4 4
Stearic acid 1.5 1.5 1.5 1.5
Zn(ipxt)2 1.75 1.75 1.75 1.75
ZDC 1.0 1.25 1.50 1.75
Sulfur 1.50 1.50 1.50 1.50

TABLE III
Formulation of Mixes

Mix

Min
torque
(N m)

Max
torque
(N m)

Scorch
time
(min)

Optimum
cure time

(min)

Cure rate
index

(N m min-')

Al 0.024 0.285 1.40 2.82 0.14
A2 0.027 0.264 1.11 2.41 0.16
A3 0.034 0.272 1.02 2.20 0.19
A4 0.039 0.279 0.84 2.12 0.21
A5 0.040 0.291 0.75 1.99 0.24
A6 0.041 0.290 0.74 1.99 0.23
B1 0.035 0.258 0.83 2.16 0.22
B2 0.039 0.315 0.81 1.91 0.27
B3 0.040 0.291 0.75 1.99 0.24
B4 0.039 0.290 0.73 2.02 0.24

test pieces were punched out of these compression-
molded sheets along the mill grain direction. The ten-
sile properties of the vulcanizates were evaluated on
a Zwick universal testinP machine using a cross head
speed of 500 mm min according to ASTM D 2240
and are reported in Table VI. Crosslink density of the
samples were determined by equilibrium swelling
methods using MEK as the solvent. The degree of
crosslinking was calculated using the Florey-Rehner
equation19 and are given in Table VI. Abrasion resist-
ance was tested using DIN abrader according to DIN
53516 and are given in Table VII. The flex resistance
of the samples was determined by using a Wallace De
Mattia flexing machine as per ASTM D 340-57 T and
are given in Table VII. Compression set of 6.25 mm
thick and 18 mm diameter samples was determined
by compressing to constant deflection (25%) and were
kept for 22 h in an air oven at 70°C (ASTM D 395-61,
method B) and are given in Table VII. The heat
buildup was measured using the Good rich flexome-
ter conforming to ASTM D 623. 78 (method A) and
is given in Table VII. SEM studies of the fractured
tensile surfaces of the NBR vulcanizates containing

TABLE IV
Formulation of Mixes

Mixes

A B C D

NBR 100 100 100 100
ZnO 4.0 4.0 4.0 4.0
Stearic acid 1.5 1.5 1.5 1.5
Silica 40 40 40 40
DOP 6.0 6.0 6.0 6.0
DEG 2.0 2.0 2.0 2.0
SP 1.5 1.5 1.5 1.5
MBTS - - - 1.5
TMTD - - - 0.5
ZDC 1.25 1.25 1.25 -
Zn(ext)2 1.75 - - -

Zn(ipxt)2 - 1.75 - -
Zn(bxt)2 - - 1.75 -
Sulfur 1.5 1.5 1.5 1.5
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TABLE V
Cure Times (min) of the Mixes Given in Table IV

Temp (°C) A B C D

150 1 . 31 1.12 0.98 2.1
125 4 .20 3.94 3.16 7.9
100 12.32 10 . 61 10 .36 No curing
80 33 .96 31 .07 29.65 No curing
60 62 . 54 59 . 38 56 .04 No curing

Zn(bxt)2/ZDC molded at 150 and 80°C were taken
using a SEM model Hitachi-H.6010 A scanning sys-
tem. The SEM photographs are given in Figures 1
and 2.

RESULTS AND DISCUSSIONS

The cure characteristics given in Table III show that
the maximum torque and cure rate index are maxi-
mum and the optimum cure time is minimum for the
compound containing 1.25 phr ZDC and 1.75 phr xan-
thate. This compound is having enough scorch time
as not to cause processing problems. So 1.25 phr ZDC
and 1.75 phr xanthate are taken as the optimum dos-
age for NBR compounds.

Table V shows the cure times of the mixes given in
Table IV at different temperatures. It is seen that at
150 and 125°C, the curing of NBR compound contain-
ing MBTS/TMTD is slow compared to the corre-
sponding compound containing ZDC/xanthate.
Below 125°C, MBTS/TMTD combination cannot cure
NBR. ZDC and zinc alkyl xanthates are ultrafast
accelerators and both ensure low temperature vulcan-
ization. Xanthates are much more effective accelera-
tors compared to dithiocarbomates because of the
presence of oxygen atom. The mechanism of the syn-

TABLE VI
Tensile Properties of the Silica-Filled NBR Vulcanizates

Crosslink
density
(10-s) Tensile Tear Elongation

Mix
Temperature (g mol-1

(°C) cm-3)
strength

(N MM-2)
strength

(N mm-1)
at break

(%)

A 150 3.986 23.51 68.35 760
125 4.123 24.80 72.47 744
100 4.865 25.79 81.06 713
80 4.983 26.08 88.59 661
60 5.164 27.01 90.34 610

B 150 4.222 24.16 77.34 749
125 4.501 24.94 81.97 711
100 4.985 25.57 88.01 654
80 5.099 27.65 95.97 612
60 5.424 28.93 98.78 576

C 150 4.326 24.89 79.15 732
125 4.917 25.06 83.90 698
100 5.206 26.73 88.71 619
80 5.425 28.97 96.36 590
60 5.653 29.35 100.51 552

PALATY AND JOSEPH

TABLE VII
Mechanical Properties of Silica-Filled NBR Vulcanizates

Abrasion
Heat Flex
build resistance

Temperature loss Compression up (1000
Mix (°C) (cm3 h-1) set (%) (ST) cycles)

A 150 6.35 25.32 61 80.34
125 5.01 22.41 53 87.56
100 4.51 19.24 49 107.43
80 3.85 16.89 44 120.59
60 3.01 14.82 39 131.02

B 150 5.07 22.15 55 89.93
125 4.56 19.05 50 97.42
100 3.69 16.14 44 115.10
80 3.10 14.07 41 128.43
60 2.42 13.23 35 136.35

C 150 4.81 21.24 52 101.90
125 4.17 17.36 46 107.76
100 3.55 15.19 41 120.87
80 3.01 12.80 37 134.43
60 2.28 12.13 33 153.50

ergistic effect of zinc xanthate/ZDC is reported in our
earlier study.15 The O-C2H5 bond in xanthates is

more polar than the N-C2H5 bond in dithiocarbo-
mates. When two ultraaccelerators are combined to-

gether, a synergistic effect may appear. Minatoya and
Aoe explained the higher activity by the formation of
either eutectic mixture or salt-forming compounds

having better solubility in rubber and greater chemi-
cal reactivity. 20,21

Table V shows that the optimum cure times of the
NBR compounds containing Zn(ext)2/ZDC, Zn(ipxt)2/
ZDC, and Zn(bxt)2/ZDC increases as the temperature

Figure 1 SEM photograph of the fractured tensile surfa-
ces of the NBR vulcanizates containing Zn(bxt)2/ZDC,
molded at 150°C.
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are formed at lower temperatures. Table VII gives the
abrasion loss, flex resistance, heat buildup, and com-
pression set at different temperatures. At all tempera-
tures, NBR compounds show considerable mechani-
cal properties. But when the temperature of curing is
changed from 150 to 60°C, all the mechanical proper-
ties are found to be increased. This is due to the
higher crosslinking at lower temperatures.

CONCLUSIONS

Figure 2 SEM photograph of the fractured tensile surfa-
ces of the NBR vulcanizates containing Zn(bxt)2/ZDC,
molded at 80°C.

of curing is changed from 150 to 60°C. Again, it is
clear that, at a particular temperature the cure times
of the NBR compounds containing the xanthate accel-
erators decreases in the following order: Zn(ext)2/
ZDC -> Zn(ipxt)2/ZDC --s Zn(bxt)2/ZDC. This is due
to the better solubility of the accelerator in NBR when
the size of the alkyl group in the accelerator increases.

Table VI gives the tensile properties of the mixes A,
B, and C given in Table IV. At all temperatures, the
NBR compounds show considerable tensile proper-
ties. But, when the temperature of curing is changed
from 150 to 60°C, tensile strength and tear strength
increase and elongation at break decreases. This is
because of the lesser degradation of rubber at lower
temperatures. When silica is used as filler in rubber
compounds, the hydroxy groups in silanols on the
surface of silica can interact with basic accelerators.
Xanthates are found to be basic with a pH of 10.6. Fig-
ures 1 and 2 show the SEM photographs of the tensile
fracture surface of the NBR vulcanizates molded at
150 and 80°C, respectively. More tear marks are pres-
ent in the vulcanizates molded at 80°C. From the na-
ture of the stretch marks, it is clear that the polymer is
existing in a high molecular state when it is vulcan-
ized at a lower temperature, which clearly indicates
that the degradation of rubber is prevented at low
temperatures.

The crosslink densities of the mixes A, B, and C are
also given in Table VI. Crosslink density increases as
the temperature of curing is changed from 150 to
60°C. This may be due to the higher stability of the ac-
celerator at lower temperatures. So more crosslinks

1. Zinc salts of xanthate/ZDC combination can be
used to vulcanize silica-filled NBR compounds
at temperatures varying from 60 to 150°C.

2. NBR compounds using MBTS/TMTD combina-
tion cures slowly compared to zinc salt of xan-
thate/ZDC combination at 150 and 125°C and
below 125°C, MBTS/TMTD combination cannot
cure NBR compounds.

3. As the temperature of vulcanization decreases
from 150 to 60°C, all the mechanical properties
of the NBR vulcanizate increased.

4. At a particular temperature, the cure time is
minimum for the compound containing Zn(bxt)2/
ZDC compared to the other two combinations.

References

1. Bryant, C. L. In Rubber Technology and Manufacture; Blow,
C. M., Hepburn, C., Eds.; Butterworth Scientific: London, 1982;
Chapter 4.

2. Evans, L.; Partridge, E. G. Rubber Age 1963, 5, 272.
3. Md. Arisbin, A.; Wheelans, M. A. NR Technol 1984, 15 (Part 4),

78.
4. Seil, D. A.; Wolf, F. R. In Rubber Technology; Morton, M., Ed.;

New York: Van Nostrand Reinhold, 1987; Chapter 11.
5. Brydson, J. A. Rubbery Materials and Their Compounds;

Elsevier Science: New York, 1988.
6. Bryant, C. L. In Rubber Technology and Manufacture; Blow,

C. M., Hepburn, C., Eds.; Butterworth Scientific: London, 1982;
Chapter 4.

7. Blamchard, A. F. In The Applied Science of Rubber; Naunton,
W. J. S., Ed.; Edward Arnold: London, 1961; pp 414-474.

8. Alter, H. J Appl Polym Sci 1965, 9, 1523.
9. Guth, G. J Appl Phys 1945, 16, 20.

10. Santo, Y.; Farukawa, J. Rubber Chem Technol 1962, 35, 857.
11. Kraus, G. In Science and Technology of Rubber; Eirich, F. R.,

Ed.; Academic Press: New York, 1978; p 339.
12. Voet, A. J Polym Sci Part D: Macromol Rev 1980, 15, 327.
13. Bueche, F. In Reinforcement of Elastomers; Krasus, G., Ed.;

Wiley-Interscience: New York, 1965; p 1107.
14. Oberth, A. E. Rubber Chem Technol 1967, 40, 1337.
15. Palaty, S.; Joseph, R. Plast Rubber Compos 2001, 30, 270.
16. Palaty, S.; Joseph, R. Iranian Polym J 2004, 13, 85.
17. Sasidharan, K. K.; Gopalakrishnan, K. S.; George, K. E. J Appl

Polym Sci 2005, 94, 1164.
18. Palaty, S.; Joseph, R. J Appl Polym Sci 2000, 78, 1769.
19. Flory, P. J.; Rehner, J. J Chem Phys 1943, 11, 512.
20. Minatoya, S.; Kojima, K.; Nagi, Y. Rubber Chem Technol 1933,

6, 402.
21. Aoe, Y.; Yokosima, H. Rubber Chem Technol 1934, 7, 648.


	page 1
	page 2
	page 3
	page 4

