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Abstract: 

Natural rubber (NR) and synthetic rubbers are widely used in almost all mechanical industries especially automobile industry.  Being 

a vital component, the vulcanization of rubber is also of prime importance. The properties of the vulcanized  rubber whether NR, 

Styrene-Butadiene Rubber (SBR) depends on the way in which it  is vulcanized and delivered. The role of 

cyclohexylbenzthiazylsulfenamide (CBS) in  natural rubber latex is well known and is one of the important accelerators currently 

used in rubber industry. More often the disadvantages of single accelerator can be annihilated and the properties of the vuca nizates 

can be improved by using mixed accelerator system. The mixed system can effectively prevent prevulcanizat ion and permit the 

vulcanizat ion to be carried out at lower temperature in  a shorter time. In the present study a new organic compound viz N-benzoyl-

N’, N’-pyrrolidinylthiourea (BPTU)  was synthesized, characterized and used along with CBS in semi efficient vulcanization (SEV) 

of NR, SBR and a blend of  NR and SBR (50/50). Th is system exhibited appreciab le reduction in  cure time compared to the 

reference mixes and improved mechanical properties  with good retention values on ageing. Successful attempt was made to 

correlate the variation of physical properties with crosslink density. The optimum dosages of BPTU needed for all the three 

categories of elastomers were also determined Styrene-Butadiene Rubber (SBR) 
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I. INTRODUCTION 

 The pioneering and major event in elastomeric 

technology was the discovery of vulcanization by Goodyear 

and Hancock.
1
 Earlier work of vulcanizat ion with sulphur alone 

was quite profligate and curing took several hours. Time 

required for vulcanization could be reduced by changing the 

amount or type of accelerators used
2
. In the sulphur 

vulcanizat ion of rubber, presence of organic compounds played 

an important role in accelerating the chemical process of 

vulcanizat ion. Investigations on curing time led to the 

introduction of binary accelerator systems.
3
 Combinations of 

accelerators produce a synergistic effect in the system so that 

the final properties are somewhat better than those produced by 

either accelerator separately.
2
 The new accelerator systems 

have become an interesting topic of research since it reduces 

cure time and improves properties  of the vulcanizate.  

 Thiourea (TU) and its derivatives are well known as 

effective secondary accelerators with tetramethyl thiuram 

disulphide (TMTD) or cyclohexylbenzthiazylsulfenamide 

(CBS), in rubber vulcan izat ion systems.  Philpot found that 

there was high reactivity for TU in the vulcanization of NR 

latex when used along with TMTD or CBS.
4
 Mathew et al.,

5
 in 

their studies on  different dithiobiuret (DTB) supported  the 

suggestion made by Philpot. There were different studies on 

binary accelerator systems by different approaches.
3, 6, 7

 

Susamma et.al.,
8
 studied the effect of  amidinothiourea (ATU) 

along with CBS, MBTS and TMTD and showed that binary 

accelerator systems can give faster cure rates in rubber 

vulcanizat ion.  The role of CBS in  natural rubber latex has been 

studied by Mary et al.,
9
 and is one of the important accelerators 

currently used in rubber industry.  

 The present study evaluates the effect of a new binary 

accelerator system of N-benzoyl-N’, N’-pyrrolidinylth iourea 

(BPTU) and CBS in semi efficient vulcanization (SEV) of 

natural rubber (NR), Styrene-Butadiene Rubber (SBR) and a 

blend of NR and SBR (50/50). There was striking improvement 

in the optimum cure time and its properties compared to 

reference mixes.  

II. EXPERIMENTAL 

 N-benzoyl-N’,N’-pyrrolidinylthiourea (BPTU) was  

synthesized  by stirring a solution of benzoyl chloride in  

benzene with aqueous solution of KCNS in presence of TBAB 

followed by the  addition of pyrrolid ine in benzene to the 

organic layer. 
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                                                     Scheme 1 

The product (yield : 76%; Scheme 1.) obtained was 

recrystallized from ethanol water system to get cream coloured 
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microcrystalline powder o f N-benzoyl-N’, N’–

pyrrolid inylthiourea (mp: 131
o
C).  Th in layer chromatography 

was performed for characterization of the newly synthesized 

BPTU using silica gel-G. Spectral data of IR, 1H-NMR and 
13

C-NMR spectra   are as follows:  

 

IR (Spectrum 400, KBr, cm
-1

): Bands due to ν N-H: 3145, ν 

C=O: 1645, ν C=S: 1531, aliphatic ν C-H: 2958, ary l ν C-C: 

1253, δ aryl C-H: 712 and 690; 
1
H NMR (400 MHz, DMSO-d6, 

δ):  10.8: NH, 7.5 –  7.9: Ar CH, 1.9: CH2 – CH2 (dod), 3.5 and 

3.7: CH2 – CH2;  
13

C NMR (100 MHz, DMSO-d6, δ ):  

24.20(CH2), 25.57(CH2), 51.35(CH2), 53.61(CH2), 128.32 (2, 

Ar-C), 128.34 (2, Ar-C), 132.31(Ar-C), 132.84(Ar-C), 

163.81(C=O), 177.21(C=S). 

 

 The formulation of the mixes is  given in Table 1. 

Vulcanization  was carried out using standard recipes and 

procedure. The compounds were prepared on a two roll mixing  

mill as per ASTM D3184-89. NR/SBR blend was made 

initially and then the other additives were added in the usual 

order. The cure characteristics of the mixes were determined at 

150°C using a Rubber Processing Analyzer (alpha 

technologies). 

 

 Table. 1: Formulat ion of different mixes  

 

Ingradients (phr) B0 B1 B2 B3 B4 B5 S0 S1 S2 S3 S4 Q0 Q1 Q2 Q3 

NR 100 100 100 100 100 100 - -  -  -  - 50 50 50 50 

SBR - - - - - - 100 100 100 100 100 50 50 50 50 

Zno 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 

Stearic acid  2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 

CBS 1.0 1.0 1.0 1.0 1.0 1.0 2.0 1.0 1.0 1.0 1.0 2.0 1.0 1.0 1.0 

BPTU - 0.1 0.2 0.5 1.0 - - 0.5 1.0 1.5 - - 0.5 1.0 - 

TMTD - - - - - 0.2 - - - - 0.2 - - - 0.2 

Sulphur 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 

 

The mixes were cured in an electrically heated hydraulic press 

at 150
o
C for the optimum cure time. Tensile properties and tear 

resistance were measured according to ASTM D 412 and 

ASTM D 624 respectively using a Shimadzu  Universal Testing 

Machine, model – AG-1 series at a cross head speed of 

500mm/min .  The ageing of the samples was  done in a hot air 

oven at 70
o
C for 24 hours according to ASTM D 572-99.  

 

The hardness (Shore A) of the compound was 

determined using Mitutoyo hardmatic hardness tester according 

to ASTM D 2240-03. Compression set at constant strain was 

measured according to ASTM D 395(1982 method B).  

Rebound resilience of the samples was  measured using a 

vertical rebound resilience tester as per ASTM D 2632-88 and 

is expressed as percentage. Swelling studies were carried out 

by immersing a piece taken from the centre of a compression 

moulded rubber sample weigh ing about 0.3 gm in pure toluene 

at room temperature. The chemical crosslink density (1/2Mc) 

was calculated using the Flory-Rehner equation.
10

  This theory 

has been used to interpret network in vulcanized products using 

organic solvents. 
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where, Mc  = number-average molecular weight of the rubber 

chains between crosslinks, p  = density of polymer, Vs = 

molar volume of solvent (for toluene Vs= 106.2cm
3
/mol), Vr = 

molar volume of rubber calculated according to Ellis and 

weld ing 
11

 ,  χ =  interaction parameter .
12, 13 

 

 

III. RESULTS AND DISCUSSION 

 The role played by the accelerators in the 

vulcanizat ion is inevitable in rubber industry, because it can 

enhance the rate of vulcanization. Use of accelerators can 

reduce the activation energy of vulcanization  reaction to  80-

120 KJ mole
-1

 from 210 KJ mole
-1

 where sulphur alone is 

used.
14

 The amount of accelerator present in a system can also 

improve the state of vulcanization and rheometric properties .
15 

 

Cure characteristics 

 In the present work the effect  of a novel compound 

BPTU along with CBS as binary  accelerator system in the 

vulcanizat ion of NR, SBR, and a blend of NR and SBR was 

investigated and compared with a system containing CBS and 

TMTD. Cure characteristics of all the mixes are given in Table 

2. The minimum torque can be taken as a measure of the 

viscosity of the masticated rubber. The only variable in the 

mixes was the amount of BPTU.  
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Table. 2: Cure Characteristics of Mixes Cured at 150 
0
 C 

 

Mix No. Torque (dNm) 

Min                Max 

Scorch time  

t10
 
(min) 

Cure t ime 

t 90 (min) 

CRI 

(min 
-1

) 

B0 0.307 4.860 2.72 7.41 21.32 

B1 0.249 4.079 2.83 8.77 16.83 

B2 0.167 4.892 2.68 5.81 31.95 

B3 0.224 5.316 2.07 4.45 42.02 

B4 0.163 5.156 1.85 4.39 39.37 

B5 0.241 5.727 1.84 4.05 45.25 

S0 0.192 3.063 9.29 27.52 5.49 

S1 0.209 3.036 5.89 19.55 7.32 

S2 0.206 3.213 4.67 16.16 8.70 

S3 0.186 3.386 4.33 17.43 7.63 

S4 0.202 3.112 7.91 16.81 11.23 

Q0 0.055 3.001 7.03 13.09 16.50 

Q1 0.062 2.605 2.44 6.94 22.22 

Q2 0.069 2.661 2.04 6.01 25.19 

Q3 0.045 2.811 5.11 10.24 19.49 

 

 As the amount of BPTU increases the optimum cure time (t90) 

decreases in all the cases. The decrease in cure time is 

extremely beneficial for the rubber industry as it can increase 

the production rate. However the scorch time (t10) was found 

to be decreasing and can affect scorch safety of the compound. 

The maximum torque, which is a measure of the stiffness of 

the compound, was found to be increasing with the 

concentration of BPTU.  

 Maximum torque was given by B3 in NR mix, S2 in 

SBR mix and Q2 in NR/ SBR (50/50). The cure rate index 

(CRI) value is the measure of rate of the vulcanizat ion process 

and found to increase significantly with the amount of BPTU. 

Cure rate index (CRI), the kinetic parameter of vulcan izat ion, 

was estimated accord ing to the method reported by Marykutty 

et.al.,.
16

  The CRI value   of B3 was 200% that of B0 (CBS 

alone) and only 7% less than that of B5 which carries CBS 

and TMTD when NR mixes were considered. But B3 and B5 

had comparable t90   values (Figure 1a).  

 

(a) 

                                       

 

(b) 

 

(c) 

Fig. 1: Variation of t90 for different mixes of CBS with BPTU: 

(a) NR mixes; (b) SBR mixes; (c) NR/SBR b lend mixes.
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In the case of SBR the cure rate index of S2 was 60% more 

than S0 and 30 % less than S4, while the advantage was that 

optimum cure time for S2 and S4 was almost the same 

(Figure1b). When the blend of NR and SBR was considered 

the value of Q2 was 50% greater than Q0 and 29% higher than 

Q3 where as the t90 value of Q2 was reduced to half that  of 

Q0 and almost half that of Q3 (Figure1c).  

  Kinetics of vulcan ization were also worked out as per 

Fujimoto et.al.,.
17

 The general equation for the kinetics of a 

first-order chemical react ion can be written as  ln (c-x) = kt + 

lnc. Where c is the init ial concentration of reactant, x is the 

reacted quantity of reactant at time t, and k is the first-order 

rate constant. For the vulcanizat ion reaction of rubber, the rate 

of crosslink format ion is monitored by measuring the torque 

developed during vulcanization. Thus torque values obtained 

are proportional to modulus of the rubber. As modulus and 

torque are analogous, torque value can be substituted for 

modulus, (c-x) = (Mm - Mt). Mm is the maximum torque and 

Mt is the torque at time t.  Figure 2 showed the graph of 

vulcanizat ion reaction fo r B3, S2 and Q2. Similar graphs were 

obtained in all the other mixes. The straight line graphs 

showed that the reactions followed first order kinetics.  

 

    

 
 

Fig. 2: Plots of ln (Mm - Mt) versus time for d ifferent mixes at 

150
0
 C. 

Mechanical Properties 

 The mechanical Properties of the d ifferent 

vulcanisates are given in Table 3. With the addition of BPTU 

to NR, the tensile strength increased   in itially and then 

decreased with increase in  BPTU concentration. Maximum 

was shown by B3 as in Figure 3a. Tensile value of B3 was 

comparable to that of B0 and B5. The modulus values at 

300% elongation were also found to increase with the amount 

of BPTU up to B3. This indicated that, a concentration of 0.5 

phr of BPTU with 1.0 phr of CBS was optimum for the 

system. This could be correlated with the observed crosslink 

density.

 Table. 3: Physical Propert ies of Vulcanizates 

Mix 

No. 

Tear 

Strength 

(N/mm) 

Hardness 

 ShoreA) 

Elongation at 

break(%) 

300% 

Modulus 

(MPa) 

Tensile 

Rentention 

    (%) 

Compression 

   Set (%) 

Resilience  

     (%) 

Total Crosslink 

Density, X10
5 

 
(
 
g/mol/mL) 

B0 36.11 36 1063.86 1.4759   96.96 33.67 55 5.3465 

B1 21.92 29 1120.65 0.8991   96.21 28.21 60 2.9316 

B2 29.86 31 1063.35 1.3644   93.07 23.73 60 3.8795 

B3 31.87 39 1056.39 1.4376 107.47 25.71 67 4.3299 

B4 28.72 34   950.36 1.4327 107.21 22.22 58 4.2727 

B5 34.76 39 1050.84 1.7605 111.44 23.84 63 5.9965 

S0   8.64 40   324.94 1.8908 112.72 19.84 50 6.5679 

S1 12.17 43   304.59  2.2719 103.74 19.70 53 6.8606 

S2 11.92 44   385.24 2.3352 109.76 20.00 56 7.4437 

S3   9.27 46   435.79 2.0613   98.60 17.95 50 8.3727 

S4 12.55 45   362.86  1.7573   96.64 20.87 47 8.5393 

Q0 23.77 36   705.13 1.6853   78.76 24.59 61 5.1778 

Q1 24.74 40   992.88  1.7006   64.41 19.06 63 5.537 

Q2 24.32 42   923.13 1.7981   90.67 16.54 65 5.9831 

Q3 24.54 40   995.69 1.5647   94.72 20.00 68 5.5681 
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The tear strength also increased with the addit ion of BPTU 

and highest value was exh ibited by B3. The elongation at 

break values depleted with addit ion of BPTU from B1 to B4 

because flexib ility decreases as crosslink density increases . 

The hardness value of B3 was the highest and was same as 

that of B5. For compression set, lower set value is highly 

advantageous. It is related to both the elastic recovery of the 

materials and type of crosslinks.
18

   Compression set values of 

B2, B3 & B4 were nearly the same and comparab le to B5. It 

was much lower than B0. Resilience values improved with the 

dosage of BPTU and B3 & B5 showed almost the same value.   

The ageing of the samples was done at 70 
0 

C for 24 h. For B0, 

B1, and B2 tensile values decreased after ageing (Figure 3a). 

But for higher dosage of BPTU there was improvement of 

tensile strength. The retention of tensile strength was better in 

B3 & B4 and was comparab le to B5. This could be due to 

polysulphidic linkages which are thermally  unstable when 

compared to  mono and disulphidic linkages will undergo 

desulphuration or decomposition depending on the 

concentration of the sulphurating agent.
18

  Considering all the 

mechanical propert ies and cure characteristics, B3 was found 

to be the best mix and could be due to the synergism shown by 

CBS/BPTU b inary system. 

 The effect of the binary system of BPTU / CBS in 

SBR was investigated as it is the most commonly used general 

purpose synthetic rubber. The unsaturation in SBR is less than 

that in NR and the double bonds are less  chemically  active 

than the double bonds of the isoprene units in NR. Hence SBR 

rubbers cure slower than NR.  Therefore, e ither more amounts 

of accelerator or a more active accelerator system is required 

for curing. Hence in the present study two phr of CBS was 

used inS0 and Q0. The compounding of SBR was done in a 

fashion, more or less similar to that of NR.  

 Tensile strength of SBR vulcanizates improved from 

S1 to S3 as the concentration of BPTU increased. This could 

be due to the increase in crosslink density. But S2 showed 

highest tensile retention on ageing and was more than that of 

S4 (Figure 3b). Tear strength, modulus values at 300% 

elongation, hardness and compression set values of S2 were at 

par with that of S4, while lowest optimum cure time makes S2 

the undisputed choice of binary accelerator for SBR. 

 

(a)  

 

                                    (b)   

 

  (c) 

Fig. 3: Effect of thermal ageing on tensile strength of the 

vulcanizaes: (a) NR; (b ) SBR; (c) NR/SBR blend. 

 

 This study on SBR arrived at the conclusion that, 

even though the tensile and tear strength values  of SBR 

vulcanizates of BPTU were much less than NR, their tensile 

retention on ageing, hardness, compression set and modulus 

values at 300% elongation were better.  This work also reveals 

that the optimum concentration   of CBS and BPTU for the 

binary system can be taken as 1:1. 

 As the blends of rubbers are commercially  useful, the 

effect of BPTU on the blend of NR/SBR (50/50) was carried 

out.  In the present investigation only two mixes were studied 

viz 0.5 phr and 1.0 phr of BPTU with 1.0 phr of CBS, as these 

were found to be the optimum concentration in NR and SBR 

vulcanizat ion respectively.  Tensile  strength, tensile retention 

on ageing, modulus at 300% elongation of Q2 were 

considerably better than Q0 and Q3. Tensile strength of Q2 is 

four times that of Q0 and nearly doubles that of Q3 (Figure 

3c). Tensile strength and hardness obtained for Q2 was the 

highest and could be due to its highest crosslink density. Tear 

strength of Q1 and Q2 was comparable with that of reference 

mixes Q0 and Q3. Compression set values of Q1 and Q2 were 

more beneficial than Q0 and Q3, moreover Q2 showed the 

lowest. Resilience value of Q2 was almost equal to that of Q3. 

The binary accelerator system of BPTU/CBS (1:1) for the 

vulcanizat ion of NR/SBR (50/50) blend was arrived at as the 

best system considering all the mechanical properties and cure 

characteristics giving a cutting edge boon to the rubber 

industry. 
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IV. CONCLUSION 

 The use of BPTU/CBS binary accelerator system in 

NR, SBR and their blend using SEV recipe  had been carried 

out based on the processing characteristics, mechanical 

properties and crosslink densities. The ab ility of BPTU to 

activate the curing process was clear from the cure 

characteristics of the vulcanizates .  The optimum 

concentration of BPTU was found to be 0.5 phr for NR, 1.0 

phr for SBR and also for NR/SBR blend (50/50) along with 

1.0 phr of CBS. The observed mechanical properties were 

correlated to crosslink density. The thermal stability of  

vulcanizates upon ageing was considerably good. 

Compression set values and resilience of b lend vulcanizates 

which are of prime importance to some industries are 

appreciable. The optimum cure time of the b lend (Q2) was  

close to that of NR which is also beneficial to the rubber 

industry. The present study brings out a new binary 

accelerator which is not only good for NR and  SBR but also 

for  NR/SBR b lend   considering the improved mechanical 

properties and cure time giving a boost to the economy of 

rubber dependent states. The mechanism of the BPTU 

accelerated vulcanizat ion is in p ipe line. 
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