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The effects of three retarders-benzoic acid, N-nitrosodiphenyl amine and N-(cyclohexylthio) 
phthalimide—on cure characteristics, kinetic parameters and physical properties of thiazole and 
sulphenamide accelerated natural rubber compounds were evaluated. The results indicated that 
the effect of the retarders depends on the type of accelerator used. The difference in the effect 
of the retarders on scorch and cure times of the compounds is explained based on kinetic 
parameters of the vulcanization reaction in the presence of the retarders. These observations 
agreed well with the already established reaction mechanisms of cure retardation.
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INTRODUCTION

Vulcanization is the process by which che­
mical crosslinks are introduced between 
polymer chains, as a result of which the 
polymer attains higher strength and other 
elastomeric properties. For achieving high 
productivity, vulcanization time of the rubber 
compound should be as brief as possible and 
the use of ultra accelerators helps to attain 
shorter curing cycles. However, ultra 
accelerators adversely affect processing safety 
and storage life of the compounds. In the 
vulcanization of thick articles, the possibi­
lity of having uneven state of cure between 
the surface of the product and its core is very 
high because of very poor thermal conducti­
vity of elastomers. Normally, in such cases, 
the surface will be overcured several fold 
while the core remains highly undercured. 
In order to make a balance between these

two states of cure and to ensure adequate 
processing safety, cure retarders are used in 
rubber compounds. Retarders prolong the 
induction period before the onset of vulcani­
zation. An efficient retarder should influ­
ence the induction period, without affecting 
the actual curing time or the extent of vulca­
nization.

Different chemicals have been reported to 
function as cure retarders in rubber com­
pounds (Trivette et al., 1977). Carboxylic 
acids, anhydrides, nitroso compounds and 
N-substituted phthalimide derivatives have 
been widely used as cure retarders. Many of 
these retarders are highly effective In delay­
ing the onset of vulcanization but have some 
undesired effects such as extending the vulca­
nization time, reducing crosslink density, 
discolouring the product or adversely affec­
ting the activity of powerful antiozonants
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such as p-phenylene diamines. The mecha­
nism of cure retardation of N-(cyclohexyl- 
thio) phthalimide (CTP) had beep studied in 
detail by different research groups (Son, 
1973; Leib et al., 1970; Datta et al., 1986). 
The action of prevulcanization inhibitors 
such as N-thiosulphonamide and dithiotri- 
chloromethane was reported by Hopper 
(1973). In this paper observations on the 
effects of three different types of cure retar­
ders, namely, benzoic acid (BA), N-nitroso- 
diphenylamine (NDA) and N-(cyclohexyl- 
thio) phthalimide (CTP), on cure characte­
ristics, kinetics of vulcanization and physical 
properties of natural rubber compounds 
containing a thiazole accelerator (Dibenz- 
thiazyl disulphide-M BTS) and that contain­
ing a sulphenamide accelerator (N-Morpho- 
linothio -  2 benzothiazole -  MOR) are 
described.

EXPERIMENTAL

Materials

Natural rubber (NR) used for the study 
was ISNR 3 (light colour) grade. Benzoic 
acid used was of laboratory reagent grade 
while NDA, CTP, MBTS, MOR and other 
ingredients used were of commercial grade. 
The formulations of the compounds are 
given in Tables 1 and 2. The dosa,ge of 
MBTS and MOR was selected in such a way 
that their compounds have almost the same 
scorch and cure times. The dosage of re­
tarders was varied from 0  to 0 . 6  phr in each 
case. The compounds were made from the 
same masterbatch consisting of rubber, zinc 
oxide, stearic acid and antioxidant, in a two- 
roll laboratory mill.

Testing

Scorch time of the compounds was deter­
mined at 120°C using a Mooney viscometer. 
Cure characteristics and kinetic parameters 
were evaluated using a Monsanto Rheometer

100. The range of temperatures selected for 
kinetic studies was 140“C to 170°C. The 
angle of oscillation of the rotor was 3* and 
the frequency 100 cycles per min. Com­
pounds were moulded in a steam heated hy­
draulic press to their respective curing time 
to get different test samples. The moulded 
samples were tested for tensile properties as 
per ASTM D 412.

A general equation for the kinetics of a 
first order chemical reaction can be written
as

In (a-x)

where, a

= -k t + in a 0)

= initial reactant concen­
tration,

X = reacted quantity at time
‘t ’, and

k = first order reaction rate
constant

For the vulcanization reaction of rubber, 
the rate of crosslink formation is usually 
monitored by measuring the torque deve­
loped during its course by using a curometer 
and the torque values thus obtained are pro­
portional to the modulus of the vulcanizate. 
Hence if a physical property such as modu­
lus is being measured rather than the change 
in reactant concentration, then the following 
substitutions can be made

(a-x)

a

where, M a 
Mo

and M

= (Ma — M) ........ (2)

= (Ma -  Mo) ........ (3)

= the maximum modulus, 

= the minimum modulus

= the modulus at time ‘t’.

Substituting torque values for moduli^, we
get

(a-x)

where, Mj, 

M.

= (M ^-M j) (4)

= the maximum torque 
developed, and 

= the torque at time ‘t ’.
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Table 1. Formulation of MBTS based compounds

Ingredients
r

Ki Ai Ag At̂  Bj B, Cl c . c .

Natural rubber 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0

Zinc oxide 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0

Stearic acid 1.0 1.0 1.0 1.0 1.0 I.O 1.0 1.0 1.0 1.0

Acetone-diphenyl amine condensate 1.0 1.0 1 .0 1.0 1.0 1.0 1.0 1.0 1.0 1.0

MBTS 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0

Benzoic acid — 0.2 0.4 0.6 — — — — — —

N-Nitroso-diphenylamine — — — — 0.2 0.4 0.6 — — —

N-(cyclohexylthio) phthalimide — — — ^  — — 0.2 0.4 0.6

Sulphur 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5

Table 2. Formulation of MOR based compounds

Ingredients K, Di D, D, E, E, E, F, F, F,

Natural rubber 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00

Zinc oxide 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00

Stearic acid 1.00 1.00 1.00 1.00 1.00 1.00. 1.00 1.00 1.00 1.00

Acetone-diphenykmine
condensate 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

MOR 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75

Benzoic acid — 0.20 0.40 0.60 — — — — — —

N-Nitroso-diphenylamine — — — — 0.20 0.40 0.60 — — —

N-(cy cl ohexyl thid)
phthalimide — — — — —  _ — 0.20 0.40 0.60

Sulphur 2.50 2.50 2.50 2.50 2.50 2.50 2.50 2.50 2.50 2.50

. ■ vP’.

, .:v..:s,e V  vw  , .
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If the reaction is of first order, a plot of In 
(Mj, -  Mf) against ‘t ’ should give a straight 
line whose slope will be the specific reaction 
rate constant ‘k’. ‘ .

To find out the activation energy of the 
vulcanization reaction, modified Arrhenius 
equation is used

Ae®/“T .......(5)

E

t,90

log t90 log A +
2.303 RT

( 6)

where, E

^̂90

= activation energy

= time in min to attain 
90 per cent of maximum 
torque

T = absolute temperature °K

A plot of log tgo vs 1/T gives a straight 
line, from the slope of which E is calculated.

RESULTS AND DISCUSSION

Scorch time

Figure 1 shows the effect of three different 
retarders on scorch time. In the compound

Fig. 1. Effect of type of retarder and dosage 
on scorch time at 120°C

containing MBTS, both benzoic acid and 
CTP showed a steady increase in scorch time 
with increase in concentration of retarders. 
However, this effect was only marginal with 
NDA in the MBTS accelerated compound. 
It can also be noted that the difference bet­
ween the performance of BA and CTP in im­
proving scorch safety of the MBTS based 
compound was only marginal. The effect 
of NDA on scorch time of the MOR based 
compound was slightly better than its effect 
in MBTS accelerated compounds especially 
at a higher dosage. But, the effect of BA in 
this case was inferior to its effect in the 
MBTS accelerated compound. In the case of 
NDA, the retardation effect is due to its dis­
sociation products. On heating above 
100°C, NDA dissociates according to the 
following scheme.

0)
The liberated nitric oxide is reported to 

affect the reaction of both sulphur and acce­
lerator with rubber (Dibbo et al., 1963). 
This results in scorch delay in compounds 
containing NDA. Organic acids are known 
to react with basic ingredients in the formu­
lation which would otherwise accelerate the 
onset of cure. However, the effect of BA on 
the MOR accelerated compound is found to 
be less than its effect on the MBTS accelera­
ted compound because of the chemical in­
compatibility between the acidic retarder and 
the amine derived sulphenamide accelerator 
as reported by Luecken and Harold (1977).

CTP improved the scorch safety o!" the 
MOR based compound to a very great extent 
and this effect was much higher than its effect 
on the MBTS based compound. This marked 
difference in the behaviour of CTP towards 
MBTS and MOR accelerated compounds



120 SARA CHANDY and B. KURIAKOSE

can be explained 
of retardation by

based on the mechanism 
CTP.

In the presence of rubber and activators, 
both MBTS and MOR generate MBT and 
this decomposition is very rapid in the case 
of MOR (Datta et a l, 1986).

I c

MBT

(2)

The MBT thus formed reacts very rapidly 
with CTP to form 2-cyclohexyl dithiobenzo- 
thiazole (CDB).

0C/‘T oc,>-'-o
C T P

In the case of MBTS it takes two routes to 
form the crosslinks. (1) In the presence 
of CTP, it can follow the same route as in the 
case of MOR.

MBTS ->  M BT ...............  (7)

M BT + CTP CDB ............... (8)

CDB + Sg ̂  BPS ............. (9)

(2) MBTS can react directly with sulphur 
to form 2 ,2 ’-polythiobis (benzothiazole) very 
rapidly, which is again a crosslink precursor 
(Campbell and Wise, 1964a, 1964b).

a > —
C O B

(3)

This autocatalytic reaction continues until 
all the MOR is converted into CDB. 
Sulphur reacts with CDB to form bis (2- 
benzothiazyl) polysulphide (BPS) which is a 
crosslink precursor.

\  /  \— s— s— / y +Ss

"v  1’'°"
0 - S . - C

s s
BPS

(4)

Thus, in the presence of CTP, MOR reacts 
with sulphur and rubber through BPS to 
form the crosslinks.

(5)

Thus in the case of MBTS, CTP is less 
effective in prolonging the induction period 
compared to its effect in the MOR accelera­
ted compound.

Cure time

Figure 2 shows the effect of retarders on the 
cure time (t9 o) of MBTS and MOR accelera­
ted NR compound at 150°C. In both these 
compounds, NDA had the least effect, and 
CTP the maximum, in extending the cure 
time of compounds. At lower dosages BA 
showed comparatively less effect in the 
MBTS accelerated compound than in the 
MOR based compound. Howevej;, this 
trend was reversed at a higher dosage of BA. 
This behaviour was expected because all aci­
dic materials slow down the vulcanization 
reaction which is mainly electrophilic in 
nature. The increase in cure times of both 
MBTS and MOR accelerated compounds
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Fig. 2. Effect of type of retarder and dosage 
on cure time at 150°C.'

CPS

(6)

Kinetic parameters

Typical plots of In (Mj  ̂ -  Mj) against ‘t ’ 
given in Fig. 3 indicated that the vulcaniza­
tion reaction of compounds Cj and Fj is
first order in nature. Typical Arrhenius plot 
of log tgo against 1/T of compound Ki is 
shown in Fig. 4, from the slope of which, the 
activation energy is calculated. The first 
order rate constant k and the activation 
energy values at 150°C of the compounds 
containing different dosages of retarders are 
given in Figs. 5 and 6 , respectively.

was remarkable when CTP was used as the 
retarder, even at a lower dosage. This effect 
was more pronounced in the MOR based 
compound at a higher dosage of CTP. There 
are two probable reasons for this behaviour 
of CTP. As described in the previous sec­
tion, the reaction between CDB and sulphur 
to form BPS is slow (scheme 4). In addi­
tion to this, CDB and sulphur react to form 
cyclohexyl polysulphide (CPS) which does 
not take part in the vulcanization reaction 
(Son, 1973).

Fig. 3. In (Mh — Mt) vs time for different extents 
of cure at 150°C of compounds Cs and Fj

Thus the effective quantity of sulphur 
available for crosslinking reaction is reduced 
when CTP is used. This observation is 
further supported by the change in kinetic 
parameters and is also reflected in some of 
the physical properties.

In the MOR accelerated compound the 
effect of retarders on rate constant k was less 
pronounced to their effect on the MBTS acce­
lerated compound (Fig. 5). At dosages be­
yond 0.4 phr. the effect of BA was higher 
compared to that of the other two retarders. 
However, wide difference in the effect of 
retarders on the rate constant was noted 
for the MBTS accelerated compound,^ In 
this case also, BA reduced the rate constant 
drastically when its concentration exceeded 
0.4 phr. This is due to the acidic nature 
of BA which exerted a permanent retarda­
tion effect on vulcanization. It has been 
reported that organic acids can interact with

iMXUr-:
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RETARDER CONCENTRATION, p h r

Fig. 5. Effect of type of retarder and dosage on 
first order rate constant at 150°C

Fig. 6. Effect of type of retarder and dosage on 
activation energy at 150®C

accelerator degradation/dissociation produ­
cts to form compounds which exert compa­
ratively less effect on the rate of vulcaniza­
tion than the degradation products themsel­
ves (Dogadkin et al., 1962). However,

scorch and cure times of compounds Aj, A2  

and Aj were lower than those of compounds 
Cj, C2  and C3  due to the lower activation 
energy required for the reaction (Fig. 6 ). 
For both MBTS and MOR based compou­
nds which contained NDA as retarder, 
the rate constant ‘k’ was much higher than 
that of the respective compounds which 
contained CTP and BA. At the same time, 
activation energy of the MBTS based com­
pound containing NDA, was in between 
that of the compounds containing CTP and
BA. However, in the case of the MOR 
based compounds, the one containing NDA 
had the lowest a E  value, beyond 0 . 2  phr 
level. The combined effect of > higher 
rate constant and comparable/lower a E 
values was reflected in reduced scorch and 
cure times of B|, B2 , B3  and those of E |, 
E2  and E3 .

In the case of NDA, when the temperature.

Mmi
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was raised to 140-160“C, there was hardly 
any retardation efifect. This is because 
of the apparent difference in the ratio bet­
ween the concentration of the radicals from 
NDA and that from the sulphur containing 
compounds. As the temperature is raised, 
dissociation of the polysulphide compounds 
into active molecules containing smaller 
number of sulphur atoms takes place and the 
crosslinking reaction proceeds at a faster 
rate (Dogadkin et al., 1962). In MOR 
accelerated compounds also, the rate 
constants were in the order N D A > C T P >  
BA and the activation energy requirement 
was in the order C T P > B A > N D A . Thus, 
the extended scorch and cure times of the 
compounds which contained CTP as retarder 
is due to higher activation energy required 
for the reaction and due to lower k values.

Physical properties

Physical properties of the vulcanizates 
from MBTS and MOR accelerated compo­
unds are given in Tables 3 and 4, respectively. 
It is observed that physical properties of 
the MBTS accelerated compounds were not

significantly affected by the presence of any 
of the three retarders. There was marginal 
improvement in tensile strength, 300% 
modulus and rebound resilience in compo­
unds containing NDA and CTP. Compres­
sion set of the compounds Aj, A2 , A3  and 
that of Cl and C3  showed marginal improve­
ment. However, the extent of crosslinking, 
as indicated by Vr values, was unaffected 
by the presence of retarders. In the MOR 
accelerated compounds also, physical pro­
perties were not seriously affected by the 
presence of any of the three retarders. 
However, the effect of NDA and CTP was 
contrary to their effect on the MBTS acceler- 
atedcompounds, especially at a higher dosage. 
In this case, 300% modulus, elongation at 
break and tensile strength were reduced by 
the presence of NDA and CTP. Compres­
sion set showed marginal improvement 
in the case of compounds Dj, D2 , D 3 , F2  

and F3 . It can also be noted that the extent 
of crosslinking was slightly lower for the 
compounds containing NDA and CTP 
compared to that of the control compound 
as indicated by Vr values. These observa-

Table 3. Physical properties of MBTS based compounds

Properties
Control BA NDA CTP

K, Al As y B, Cl c» c ,

Modulus 300% (MPa) 1.61 1.66 1 . 6 8 1.71 1.74 1.78 1.84 1.76 1.78 1.75

Elongation at break (%) 1184 1226 1 2 2 1 1222 1207 1216 1228 1248 1255 1211

Tensile strength (MPa) 20.4 20.5 2 0 . 9 21.1 21.4 21.9 22.4 21.9 22.1 22.7

Hardness (Shore A) 34 34 3 4 34 34 34 34 35 35 35

Rebound resilience (%) 79.2 77.1 78.8 76.8 82.9 83.6 82.2 82.1 81.2 8S;3

Compression set (%)
22 h. 70“C 22.0 19.8 20.3 18.1 23.0 25.0 24.0 22.0 18.4 19.2

Volume fraction of rubber
in swollen sample (V,) 0.203 0.201 0.200 0.199 0.203 0.209 0.210 0.201 0.200 0.197
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Table 4. Physical properties of MOR based compounds

Properties
Control _ BA NDA CTP

K, D, D, D, E, E, E, Ft F, F,

Modulus 300% (MPa) 1.87 1.97 1.99 1.99 1.84 1.84 1.78 1.84 1.82 1.76

Elongation at break (%) 1223 1201 1193 1200 1190 1153 1141 1186 1118 1095

Tensile strength (MPa) 23.7 23.9 24.3 24.6 22.6 22.1 22.4 22.7 22.6 22.4

Hardness (Shore A) 36 37 38 37 36 37 37 36 36 36

Rebound resilience (%) 85.0 87.0 86.5 85.0 88.3 89.2 88.1 87.7 84.5 85.3

Compression set (%) 
22 h, 70-C 25.5 23.9 22.1 19,5 26.1 25.7 26.1 26.0 23.1 19.4

Volume fraction of rubber 
in swollen sample (V,) 0.205 0.205 0.205 0.205 0.199 0.203 0.199 0.199 0.199 0.196

tions further' support the various mechanisms 
described in the previous sections.

acid is lower than that of compounds 
containing CTP or NDA.

CONCLUSIONS 4.

The following conclusions emanate from 
this study;

Some of the physical properties of MOR 
accelerated NR compounds are adver­
sely affected by higher dosage of NDA 
and CTP.

1 . Among the three retarders evaluated, 
N-nitrosodiphenyl amine is the least 
effective in enhancing scorch safety 
of both MBTS and MOR accelerated 
natural rubber compounds. Benzoic 
acid is a more effective retarder than 
N -  (cyclohexylthio) phthalimide in 
MBTS based NR compounds whereas, 
the latter is more effective in MOR based 
compounds.
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