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Abstract. The effect of accelerator type on the
vulcanization process and mechanical properties of nitrile
rubber (NBR) compounds was investigated. Three
commercial accelerators were selected, N-N-t-butyl-2-
benzothiazole sulfenamide (TBBS), tetramethylthiuram
disulfide (TMTD) and his(dimethyldithiocarbamato)zinc
(1) (ZzDMC) and compared with the compound
bi s(4methyl phenyl sulfonyl dithi ocarbimato)zincate (I1)
(ZNIBU). Surprisingly, it was found that the optimum
vulcanization time for ZNIBU showed better results than
for TBBS.
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1. Introduction

Metal dithiocarbamates have been synthesized and
characterized in the recent years [1-5]. Special interest in
the study of metal dithiocarbamates arose fromthe striking
structural features presented by this class of compounds
and also due to their diversified applications, in particular
in rubber vulcanization. Among metal dithiocarbamates
used in the rubber industry, zinc dithiocarbamates are the
most widely employed as they are considered ultra-
accelerators due to the fast curing rates they impart to
rubber compounds [6, 7].

Zinc dithiocarbamates are suitable accelerators for
most rubbers, especially the diene-type ones. However,
these compounds are highly polar and tend to bloom when
mixed to non-polar rubbers like natural rubber (NR) [7].
In earlier studies bis(4methylphenylsulfonyl-

dithiocarbimato)zincate (I1) (ZNIBU), a zinc salt
dithiocarbimate, was evaluated as accelerator for NR
compounds and it was found that in the presence of this
compound vulcanization proceeds at slower rates when
compared with any of the commercial accelerators
investigated [7, 8].

This work reports the vulcanization of NBR using
ZNIBU and compares its activity with the commercial
accelerators: bis(dimethyldithiocarbamato)zinc(l1)
(ZDMC), N-N-t-butyl-2-benzothiazole sulfenamide (TBBS)
and tetramethylthiuram disulfide (TMTD). Nitrile rubber
(NBR), dueto its high polarity, has excellent oil resistance
and degrades at very high temperatures. It is widely used
in products like oil seals, water pump seals, blow out
preventors, fuel lines, hoses, and fuel pump diaphragms,
because of its high ail, solvent, and fuel resistance and
low gas permeability [9]. Thus it is expected that ZNIBU
will present activity as accelerator for NBR higher than it
did for natural rubber. The interest in the research on
dithi ocarbimatometal -complexes lies on the similarities
these compounds show when compared with the
dithiocarbamate complexes, mainly as far as the presence
of the Zn(S,C=NR), moiety in the former structures is
concerned. The zinc(I1)-bis(dithiocarbimato) complexes
are, necessarily anionic species. So, the improvement and/
or modulation of the vulcanization activity isan interesting
possibility, which can be accomplished either by modifying
the solubility of the complexes salts with the use of different
cations or different R groups on the dithiocarbimate
structures, or by using active counter ions [10].
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2. Experimental

2.1. Methods and Materials

The solvents were purchased from Merck and used
without further purification. The chemicals sulfonamide,
zinc acetate dihydrate, and tetrabutylammonium bromide
were purchased from Aldrich. Carbon disulfide and
potassium hydroxide were provided by Vetec. The
compound 4-CH,C H,SO,N=CS K »2H.O was preparedin
dimethylformamide from 4-toluenessulfonamide, CS, and
KOH, as described elsewhere [10].

Nitrile rubber N615B (33 % bond acrylonitrile),
Mooney viscosity [ML (1 + 4) 373 K] of 56 and 25 %
total solids, was supplied by NITRIFLEX SA. Industriae
Comercio, Rio de Janeiro, Brazil.

2.2. Synthesis of ZNIBU

The synthesis was performed according to the
scheme in zinc(ll) acetate dehydrate and
tetrabutylammonium bromide were added to a solution of
potassium 4-methylphenylsulfonyldithiocarbimate
dehydrate in methanol and water. The mixture was stirred
at roomtemperature for 1 h and the yellowish solid product
wasfiltered, washed with ditilled water, ethanol and diethyl
ether and dried under reduced pressure, yielding
(Bu,N),[Zn(4-CH,C.H,SO,N=CS)).]. The details of the
reaction are described elsewhere [10].

2.3. Vulcanization

Nitrile rubber was compounded following the
formulation, accordingto ASTM D 3187: nitrilerubber, NBR
(100 weight parts), accelerator (0.8 or 1.2:40° mol/100 g
of rubber), stearic acid (1.0 phr), zinc oxide (3.0 phr),
sulfur (1.5 phr). According to Hamed and Rattanasom[11],
for solid rubbers, the sul phur/accel erator ratio will determine
the type of sulfide crosslinks produced, either mono-, di-
or polysulfide ones. Thus, as the ZNIBU molar mass is
much higher than that of the other accelerators, in order
to compare the activities, the accelerators were added (in
moal) as shown in Table 1.

All the additives used in the formulation were of
grades commonly used in the industry. The mixture was
carried out in a roll mill with 1:1.25 friction rate, at room

Table 1
Amounts of accelerator added
in NBR compounding

Molecular | Mass(g)in Mass(g) in

Accdleraior | ass | 0.840%mol | 1.240% mol
ZNIBU 1013 0.81 1.22
TMTD 240 0.19 0.29
ZDMC 306 0.24 0.36
TBBS 238 0.19 0.29
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temperature. Rheometric parameters were determined in
an oscillating disk rheometer, from Tecnologia Industrial,
at 423K and 1° arc, according to ASTM D 2084. The
mixes were vulcanized and molded into sheets in a
hydraulic press operating at 423 K and 3.0 MPa. Fromthe
sheets, specimens for stress strength (DIN 53504) and
tear resistance (ASTM D 624) testswere cut. The hardness
of the vulcanized compositions was determined using a
Shore A durometer.

3. Results and Discussion

The efficiency of ZNIBU as accelerator for nitrile
rubber vulcanization wasinvestigated by rheometry. Table
2 shows the data from rheometric curves obtained for
ZNIBU and the commercial accelerators, TBBS, TMTD,
and ZDMC. The selection of the three last compounds
was done taking into account that they pertain to different
classes of accelerators and therefore they will impart
different characteristics of cure rate, safety scorch, number
and type of the crosslinks formed [11].

Fromdatain Table 2 it can beseenthat by increasing
the amount of accelerator optimum vulcanization time (t,)
undergoes areduction in all cases. The lowest values were
given by ZDMC and the highest by TBBS. The compounds
accelerated with ZNIBU presented t, values which were
close to the values for TMTD. The scorchtime, ts, is the
time available for processing before crosslinks are
appreciably formed. At higher concentration of accelerator,
this parameter decreased for TMTD and ZDMC, increased
for TBBS and remained unchanged for ZNIBU. Minimum
torque, which is related to the viscosity of the compound
before vul canization does not change significantly and the
three accelerators presented val ues of the same magnitude.
The difference between maximum and minimum torques
is related to the degree of cure and was found to be the
highest for ZNIBU and TMTD, suggesting that these two
compounds were the most efficient accelerators for the
NBR compounds in this study. This behavior can also be
observed in the rheometric curves recorded during
vulcanization of the compounds in the presence of 0.0008
and 0.0012 moles of accelerator, as shown in Figures 1
and 2, respectively. However, as seen in Fig. 2, for higher
amounts of accelerator, the TMTD curve, once the
maximum value of torque is reached, starts to decrease,
which means that degradation is occurring. This behavior
is not observed when any of the other accelerators is used.

Table 3 shows the results of mechanical tests. It is
possible to note that the compositions with ZNIBU show
higher values of 300% modulus and stress resistance than
any of the other compositions with the commercial
accelerators. However, as for elongation, the composition
with ZNIBU gave the lowest values. Results for tear
strength of ZNIBU compositions were comparable to the
other ones. In all cases the results of hardness were of the
same magnitude.
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Table 2

Rheometric parametersfor NBR mixes compounded with TBBS, TMTD, ZDMC, or

ZNIBU asthe acceler ator

Accdlerator A_;ccelerator amount, Ml, Mh, Mh-MI, ts_l, tg9, CI_?lI,
10 mol/100g of rubber | dN>m | dN>m dN>m min | min S

TBBS 0.8 31 154 12.3 126 | 49.2 2.7
12 31 16.5 134 138 | 419 36

TMTD 0.8 31 20.3 17.2 6.0 | 132 | 138
12 2.8 225 19.7 54 | 102 | 20.8

ZDMC 0.8 33 19.6 16.3 3.0 72 | 238
12 34 17.3 139 24 48 | 41.6

ZNIBU 0.8 3.7 236 199 30 | 150 | 88
12 3.6 21.8 18.2 30 | 138 | 93

Note: MI —minimumtorque; Mh —maximum torque; ts, —scorch time; t, —optimum vul canization
time; CRI —curerateindex; TBBS—N-t-butyl-2-benzothiazol e sulfenamide; TMTD —tetramethyithiuram

disulfide; zZDMC — bis(dimethyldithiocarbamato)zinc(ll); ZNIBU — bis(4-
methyl phenyl sulfonyl dithi ocarbimato)zincate(11)
Table 3
M echanical properties of NBR compositions
Property Accderator amount, Accelerator
P 10° mol/100g of rubber TBBS TMTD ZDMC ZNIBU
0.8 09+0.1 14+0.1 1.2+01 | 22+0.1
300% Modulus, MPa 12 11+00 | 15+01 | 15+01 | 1.8+02
. 0.8 22+04 | 32204 | 23101 | 3.6+x04
Tensle strength, MPa 12 22+03 | 30+03 | 2302 | 3202
. 0.8 850+92 | 593+39 | 610+27 | 465+44
0,
Elongation at break, % 12 694+ 69 | 551+22 | 462+41 | 518+ 10
Tear strenath. KN/m 0.8 151+02 | 165+07|144+04| 140+19
gtn, 1.2 135+03|145+03 | 196+0.2 | 155+16
Hardness. Shore A 0.8 41+04 42+0.4 42+0,5 41+04
’ 1.2 42+10 41+0.5 40+1.0 38+04

Fig. 1. Rheometric curves for NBR compounded with 0.0008
mol of different accelerators: ZNIBU (1); TMTD (2);
ZDMC (3) and TBBS (4)
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Fig. 2. Rheometric curves for NBR compounded with 0.0012

mol of different accelerators: ZNIBU (1); TMTD (2);

ZDMC (3) and TBBS (4)
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4. Conclusions

Mechanical properties of NBR compounds
formulated with ZNIBU were similar to those obtai ned with
commercial accelerators. Nevertheless the values of 300%
modulus and tensile strength given by the new accelerator
were higher than those found for NBR compounds
vulcanized in the presence of three of the most used
commercial accelerators. TBBS, TMTD, and ZDMC.

The results obtained for optimum vul canizationtime
with ZNIBU used as accelerators are close to the values
foundfor TMTD and better that those obtained with TBBS.
The values of t, in the presence of ZDMC were much
lower than those for the compositions with other
accelerators. These results were already expected since
ZDMC is considered an ultra accelerator.

From the results obtained it can be concluded that
ZNIBU is an example of a nove class of accelerator for
rubber vul canization. Other anal ogous compounds are being
prepared to extend the studi eson their vul canization activities.
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OIIHKA AKTUBHOCTI
BIC(4-METUWJI®EHUICYJIb® OHUIIUTIOKAPEI-
MATO)IIMHKATY (II) B ITPOIIECI BYJIKAHI3ALIII
1¥OI'0 BIIUB HA MEXAHIYHI BJJACTUBOCTI

KOMIIOHEHTIB HK

Anomauin. Busueno eniue npupoou npuckopiosaua
8yaKaHizayii na nepebic npoyecy i MexaHiuHi 1ACMUBOCMI
nimpunosux kayuykie (HK). IIposeoeno nopienanna N, N-mpem-
6ymun-2-6enzomiazoncynbgenamioy, oucyiv@ioy mempame-
muamuypamy ma 6ic(Oumemundoumioxkapbamamo)yunxamy (II) 3
oic(4-memungpenincynvonindimioxapbimamo)yunxamom (I1).
Bcmanoeneno, w0 onmumManibHUll 4ac 8YAKanizayii 00csaeacmocs
Ha 00CTIOHCYBAHOMY NPUCKOPIOBAU.

Knwuosi cnosa: oumiokapbimamu, KOMNIEKC YUHKY,
BYNIKAHI3AYIA, MEXAHIYHI 61ACMUBOCTMIE, HIMPUNOBUL KAVYYK.



