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SUMMARY

The effects of several vulcanizing accelerators
on the determination of kinetic parameters of
natural rubber vulcanizate was studied by DSC.
Kinetic parameters were determined by means of
the calculation procedures of Borchardt-Daniels
and Oscillating Disk Rheometer (ODR) cure
curve analysis, using both DSC exothermal ther-
mogram and ODR cure curve. In order to
examine the credibility in the DSC method the
same compound which was used for DSC method
was used for the comparison with the results of
ODR data.

Upon this method, kinetic rate constant (k),
and Arrehenius parameter (Ea, ko, n) have been
determined for rubber compounds via a new
method using DSC thermogram and ODR cure
cutve, In the comparison of DSC and ODR re-
sults, kinetic parameters has shown good agree-
ments between two results,

Cons'equently, from the present studies, it is
shown that the DSC thermoanalytical method
can provide an alternate new method of kinetic

study of rubber vulcanization.
INTRODUCTION

In recent years many thermoanalytical studies
have been achieved through Differential Scanning
Calorimetry in observing vulcanization process,
particulary for accelerated sulfur cure of NR
compounds.1*) And research workers became
to recognize the needs for the establishment of

the basic theory on the vulcanization reaction
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rate in terms of thermoanalytical methods. But

for the reaction ratestudyapproprieate analytical
methods were not properly set up because of
insolubility of rubber vulcanizate which for the
determination of the concentration of reactants,
etc.” This study is then considered to obtain a
calculation method of kinetic data according to
Borchardt-Daniels method®? with DSC thermo-
gram,

For identification of the study, comparison
of the experimental data between DSC and ODR

has been rﬁade.

EXPERIMENTALS
Materials

The recipe used in this study is given in Table
1. Natural rubber used was of RSS #1 grade.
Commercial accelerators were used without any
further purifying treatment and are abbreviated
as follows:

tetramethylthiuram disulfide as TT
(NOCCELER TT, OUCHI SHINKO)

N-oxydiethylene-2-benzothiazoyl sulfenamide
as MSA (NOCCELER MSA, OUCHI SHINKO)

dibenzothiazyl disulfide as DM (NOCCELER
DM, OUCHI SHINKO)

Table 1. Recipe for NR compound [PHR]

Compound 1 2 3 4 5

NR (RSS #1){ 100 100 100 100 100

Stearic acid 1 1 1 1 1
Zinc oxide 5 5 5 5 5
Sulfur 2.5 2.5 2.5 25 25
Accelerator 1 1 1 1 1

(TT) (MSA) ©OM) ®™) ©®)
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2-mercaptobenzothiazole as M (NOCCELER
M, OUCHI SHINKO)

1,3-diphenyl guanidine as D (NOCCELER D,
OUCHI SHINKO)

Equipment

A mettler TA-3000 system and Monsanto 100
were used for DSC and ODR respectively (Fig. 1)
The temperatures used for ODR were 150, 160
and 170°C, and the operating conditions of

mettler TA-3000 system are as follows:

Opefating

RESULTS AND DISCUSSION

Reaction rate from ODR cure curve

Fig. 3 illustrates the rate constants of NR
vulcanization system with five different accel-
erators. The data were obtained by isothermal
ODR cure curve analysis (Fig. 2). Curing tem-
perature was 160°C. Through Fig. 3, k values
are given and has shown in Table 2, Arrhenius
plots of Table 2 has shown in Fig. 4. The ODR

cure curve analysis has also given a estimated

kinetic parameter applying Arrhenius equation

as shown in Table 3. The equation applied is;

2.303 Myp—M
log HF L

Condition
Starting temperature 150°C
End temperature 250°C
Purge Gas Nitrogen (50m¢%/min)
Heating rate 10K/min

®
Furnace Nhiet;;)eg:n —I
- L]
OW meter
©
N2 Gas bomp
Transfer

key

Power cable for furnace
© Signal cable for DSC 30

= 108 T e 1
t Myp — My M
M - M
thatis, log — BE L = _k 1. (2
MHF - MH 2.303
Mains Mains
®
® .
TC 10 Printer /
Plotter
@

® Power cable for DSC 30 cell
@ Connecting cable to printer / plotter

(€ Connecting cable to microbalance (® Mains 2able for printer / plotter

Mains cable for TC 10
@ Hand or foot transfer key

® Mains cable for microbalance
@ Gas tube for DSC 30 cell

Fig. 1. Schematic diagram of thermal analyser unit
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It has shown that a specimen compounded

fast onset accelerator like thiuram indicated

relatively lower values of Ea and conversely

moderate or slow acting accelerators like sulfena-

mides or diphenyl guanidine higher values of Ea.
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Fig. 2 Rheometer cure curve showing the quan-
tities which are measured in order to e-
valuate the rate constants for the reac-
tion giving rise to the curve.
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Fig. 3 Plots for rate constants of NR vulcani-
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zation with different accelerators theda-
ta obtained by isothermal ODR cure cur-
ve analysis. Curing temperature 160°C.
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Fig. 4 Arrhenius plot showing effect of accele-

rator’s type in NR compounds.
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Table 2. Experimental values for rate constant k by

Rheometer cure curve analysis in NR com-

pounds.
Rheometer -1 -1
Polymer cure tem- Accelerator k (sec ) logk (sec )
perature (K)
TT 40x10% -1.40
MSA  1.0x102 -2.00
423 DM 78x10° 210
M 64x10° 219
D 14x103% -2.86
TT 85x102 -1.07
MSA  30x10% 152
NR 433 DM 14x102  -1.86
1.3x102  -1.89
D 69x10°3 -2.16
TT 199x10' -0.70
MSA  1a12x10'l! 095
443 DM 4.67x10%  -1.33
M 316x10 . —1.50
D 2.63x102  -1.58
Table 3. Estimated kinetic parameter by ODR cure
curve analysis using Arrhenius equation.
Accelerator Overall activation Frequency factor,
energy, E,; (KJ/mol) log k0
TT 59.0 8.6
MSA 65.8 11.4
DM 71.6 12.0
M 84.5 17.0
D 126.0 21.0

Reaction rate from DSC thermograms

The measuring method of activating energy

for polymer thermal dicomposition by means of

DSC dynamic scanning which is disclosed by
Borchardt and Daniels® was applied to obtain
kinetic parameter of rubber vulcanization.
Reaction rate, k is determined by the rela-
tion between curing temperature and the amount
of evolution heat as shown in Fig. 5, and then
the values of Ea and ko were obtained through

Arrhenius plots,

Equation applied was;

x-1

k= AT AH/dG . (B)
m, (A-a)*

Since reaction order is one,

therefore equation (3) is

Fig. 6 illustrates Arrhenius plots showing
effect of five (5) different accelerators in NR
compound. The obtained was by differential
enthalpic analysis. Table 4 is the kinetic data
derived from Fig. 6. Fig. 6 has also shown that
the hypothesis which vulcanization reaction of
sulfur/accelerator system will be first order
reaction might be correct. Coran®) and Paik,
Choi”? support well this fact through their
experiments,

As a results of the kinetic study on NR
vulcanization of sulfur/accelerator system in
terms of reaction rate by means of ODR and
DSC, since the value of two kinetic data are
identical, DSC method will be able to use in

industries as a quality control method.
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Table 4. Estimated kinetic parameter by differential -10
enthalpic analysis using Borchardt-Daniels
equation.
inetic parameter | Overall Activation | Frequency -L5
. Energy Ea Factor
Acoelerator (KJ/moD) logk o
T 51.7 20
-2.0
MSA 59.3 2.6
DM 68.9 35
M 823 5.0
D 1340 9.5 o5
s
EE
[:1!:.‘, =) -3.0
f=t 19 20 21 22 23 24
52
= . .
Fig 6. Arrhenius plots showing effect of acce-
Base line lerator’s type in NR compounds, the data
obtained by differential enthalpic analysis.
Temperature(°C)

Fig 5. DSC thermogram showing the quantities

which are measured in order to evaluate values of Ea.
the rate constants for the reaction gi- 3. It was found that the values of kinetic data
ving rise to the curve. obtained both from DSC and ODR methods

were identical. Therefore, as Brazier??

CONCLUSIONS mentioned, the DSC thermogram provides
an alternate method for quick analysis for

The results of this work can be summerized
quality control of rubber compounds for the

as follows :
1. Vulcanization reactions of NR compounds industry.
with sulfurfaccelerators system have been
processed in first order reaction. NOTATIONS
2. It has shown that a specimen compounded
fast onset accelerator like thiuram indicatéd A : Total enthalpy change
relatively lower values of Ea and conversely a : Partial enthalpy change
moderate or slow acting accelerators like Ea : Overall activation energy of vulcani-
sulfenamides or diphenyl guanidine higher zation
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