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Viscosity, Relaxation and Stability of Natural Rubber
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Abstract: Mooney viscosity and Mooney relaxation of unaged and oven aged SMR L natural rubber samples were stud-
ied. The viscosity was characterized by ML (1+4) 100°C and the rate of stress relaxation by the exponent a in a power law
M = k (t)® With the increasing time of oven aging at 140°C the decrease of both viscosity and stress relaxation rate expo-
nent were observed. Aging of raw natural rubber can therefore be studied by Mooney viscosity and Mooney relaxation
tests and obtained results are sensitive enough to be used for characterization of raw natural rubber stability.
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INTRODUCTION

Natural rubber (NR) is the only non-synthetic elastomer
in wide use. Derived from the milk-like liquid of the Hevea
tree, natural rubber latex contains many organic and inor-
ganic impurities. Natural rubber and synthetic polyisoprene
share the same monomer chemistry (isoprene is the building
block of these polymers). Synthetic polyisoprene consists of
up to 99% rubber hydrocarbon, while natural rubber is usu-
ally around 93% rubber hydrocarbon and molecular weight
distribution of natural rubber is widely variable [1].

Some of the non-rubber substances such as lipids, caro-
tenoid pigments, sterols, triglycerides, glycolipids and phos-
pholipids can influence the final properties of rubber, such as
compounded vulcanization characteristics and classical me-
chanical properties [2]. Molecular weight distribution influ-
ences viscosity and elasticity of raw natural rubber and dif-
ferent impurities in raw NR influence the rubber hydrocar-
bon stability in processing and applications.

Mooney viscosity test is one of the most common proce-
dures performed in the rubber industry today. It is commonly
used to measure the viscosity of raw rubbers and to charac-
terize the quality of both natural and synthetic rubber. The
Mooney viscometer consists of rotating a serrated rotor
imbedded in a rubber specimen, contained within a sealed,
pressurized cavity. From its constant speed, the rotor experi-
ences a given resistance to rotation that is recorded as torque
in N-m. ASTM D 1646 describes the algorithm used to con-
vert this torque into Mooney Units (MU). The actual
Mooney viscosity to be reported is the value preceding the
specified time of reading. This has to be defined because of
the thixotropic nature of rubber (where the measured viscos-
ity changes with time) [3].

However, it is common to find two polymers with the
same complex viscosity, but with very different elastic and
viscous components. A clearer distinction in such cases
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would thus mean separating the complex response into its
constituent parts and studying each of them [4].

At Mooney stress relaxation test the Mooney viscometer
stops the rotation of its rotor very quickly after completion of
the viscosity test. After stopping of rotor the torque values
are recorded. The stress relaxation of rubber can usually be
described through power law model

M =k (t)° 1)
where:
M = torque units from the Mooney stress relaxation test,

k = a constant equal to torque 1 s after the rotor has stopped,
and

a = an exponent that measures the rate of stress relaxation.

The Eq. (1) we can convert into a log-log expression and
get

log M =a(log t) + log k 2

If we place relaxation data in a log-log plot, and if the
rubber is complying with the power law model in Eq. (1) and
Eg. (2), the stress relaxation becomes a straight line.

The slope a is then one method of quantifying uncured
rubber elasticity. A steep slope indicates less uncured elastic-
ity and less elasticity can mean better processing. Mooney
stress relaxation can therefore provide additional quality
information which Mooney viscosity test cannot provide [3].

Recent results for natural rubber showed that a tri-
exponential generalized Maxwell model in many cases al-
lowed better description of relaxation curve for the samples
studied than the traditionally used power law [4]. The rate of
stress relaxation can be determined also for example by
measuring the time for a 95% (T-95) decay of the torque at
the conclusion of the viscosity test [5]. These possibilities
can be used when the relaxation data in a log-log plot are not
a straight line.

Since natural rubber is an unsaturated elastomer, it is
readily susceptible to oxidation. This can affect both the
processing qualities of the rubber and also the final com-
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pounded rubber mechanical properties [5]. For raw rubber
stability testing various accelerated procedures using ovens
or infrared lamps have been used with visual assessment of
deterioration. A more satisfactory procedure based on the
measurement of raw rubber plasticity after oven aging at
140°C for 30 min is known as the plasticity retention index
(PRI) and is calculated from:

PRI = 7 x 100 3)

where: P, = aged plasticity and P, = unaged plasticity [6].

The principle of plastimeter procedures is basically to
measure the deformation of a cylindrically cut, uncured rub-
ber specimen after it has been subjected to a constant com-
pressive force between two parallel plates for a specified
time period at a specified test temperature. In a way “plastic-
ity” and “viscosity” define the same property, but have the
opposite meaning. While viscosity is defined as the resis-
tance to plastic deformation, the term plasticity refers to the
“ease of deformation” for an uncured rubber specimen. In-
deed, plastimeters are very simple, crude methods for meas-
uring the flow of a rubber sample [1]. In this work, we stud-
ied oven aging of raw natural rubber by Mooney viscosity
and Mooney relaxation tests.

EXPERIMENTAL

The unmassed (i.e. not milled) raw natural rubber type
SMR L was used. The samples of SMR L rubber were tested
either unaged or oven aged at 140°C for 0.5, 1 or 2 hours (as
strips with thickness of about 1cm).

RESULTS

As an example, in Fig. (1) the Mooney viscosity and
Mooney relaxation of unaged SMR L sample were measured
at 100°C and torque in Mooney Units (MU) was recorded.
After preheat time 1 min and test running time 4 min the
Mooney viscosity ML (1+4) 100°C was obtained. The
Mooney viscosity is therefore value of torque (in MU) 5 min
from the test beginning. After stopping of rotor (at this 5 min
time) the stress relaxation of rubber sample (i.e. decrease of
torque values in MU) was measured for next 3 min.
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Fig. (1). Mooney viscosity and Mooney relaxation for unaged SMR
L raw natural rubber.
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In this work we tested also the oven aged SMR L raw
natural rubber. For this purpose the samples of SMR L were
aged in oven at 140°C for 0.5, 1 or 2 hours. Data obtained
for our unaged and oven aged samples by used Mooney vis-
cometer and evaluated by its software are presented in Table
1 and in Figs. (2, 3 and 4).

Table1l. Mooney Viscosity and Relaxation Values
Value Aging ML (1+4) Const. k Exponent a
[h] [MU] [MU] [log(MU)/log(s)]
0 92.0 69.6 -0.221
0.5 90.7 69.3 -0.252
1 61.9 415 -0.401
2 33.7 18.5 -0.508
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Fig. (2). Dependence of Mooney viscosity of SMR L samples on
time of aging.
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g. (3). Dependence of constant k in Eq. (2) on time of aging.
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Fig. (4). Dependence of exponent a in Eq. (2) on time of aging.

DISCUSSION

Values of Mooney viscosity, constant k and exponent a
in Table 1 all decrease with increasing time of oven aging at
140°C, but differences between values of unaged and 30 min
aged SMR L sample are evidently too small to be suitable
for evaluation of stability of this natural rubber. Values after
1 h of aging are significantly lower than these for unaged
SMR L and seem to be sensitive enough for characterization
of the SMR L stability.

Although not linear, there is an empirical relationship
between Mooney viscosity and weight average molecular
weight M,, [5]. The decreasing values of Mooney viscosity
of SMR L samples with time of oven aging at 140°C in Fig.
(2) could therefore indicate decreasing weight average mo-
lecular weight of SMR L natural rubber with time of oven
aging at given conditions.

Raw polymers and rubber compounds have been shown
to follow the “Power Law” during Mooney stress relaxation.
Most of the tested polymers so give a strait regression line
on a log-log scale but some a curved regression line [7, 8].
Thus how good describe the constant k and exponent a in
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Fig. (5). Torque values vs. relaxation time in log-log plot and time
of oven aging at 140°C.
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Table 1 the relaxation behaviour of our unaged and oven
aged SMR L rubber samples? In Fig. (5) we placed relaxa-
tion data of our samples in a log-log plot. In all cases we
obtained nearly straight line, which means that the Mooney
stress relaxation of our unaged and aged SMR L rubber is
complying with the power law model in Eq. (1) and Eq. (2).

The decrease of constant k in Eq. (2) with time of oven
aging at 140°C in Fig. (3) seems to be similar to the decrease
of Mooney viscosity with time of oven aging in Fig. (2). As
we can see in Fig. (6), the dependence of constant k on
Mooney viscosity is in fact linear (r = 0.99916). The constant
k therefore cannot provide additional information about oven
aging of SMR L rubber to that of Mooney viscosity.
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Fig. (6). Obtained dependence of constant k on Mooney viscosity.

The rate of Mooney stress relaxation can correlate with
molecular structure characteristics such as molecular weight
distribution, chain branching and gel content. It can also be
used to give an indication of polydispersity [5]. The decreas-
ing values of exponent a with time of oven aging in Fig. (4)
are so probably indicative of narrowing molecular weight
distribution of SMR L with time of oven aging. Both the
decrease of Mooney viscosity and the decrease of exponent a
of SMR L samples could probably be explained by the main
chain scission of natural rubber molecules at oven aging.

CONCLUSIONS

Mooney viscosity and Mooney stress relaxation of raw
natural rubber SMR L samples depend on time of oven aging
at 140°C.

Mooney stress relaxation of unaged and oven aged SMR
L rubber is complying with the power law model (relaxation
data of samples in a log-log plot give nearly straight line).

The values of Mooney viscosity and values of constant k
and exponent a (characterizing Mooney relaxation) of raw
natural rubber SMR L samples decrease with increasing time
of oven aging at 140°C.

The dependence of constant k on Mooney viscosity is
linear and constant k therefore cannot provide additional
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information about oven aging of SMR L rubber to that of (3] Dick, J.S., Ed. Basic Rubber Testing: Selecting Methods for a
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