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ABSTRACT

Cellulose II (the structural component) was incorporated into latex of butadiene-
acrylonitrile copolymer (the matrixial component) by coprecipitation of nitrilic latex-
cellulose xanthate mixture, according procedure developed in this Institute. According to
different types of elastomeric compositions with 26%, 33% and 45% of acrylonitrile
(monomers) and cellulose IT up to 25 phr were evaluated. This study tries to correlate the
rheometrical behaviour, which was estimated by cure parameters, with crosslink density
values, which were obtained by swelling method using organic solvent. It was found that
the amounts of both acrylonitrile and cellulose present in these several composites affect
the cure results, and this fact suggests the presence of a rubber-filler interaction.

INTRODUCTION

The addition of certain compounds to polymeric compositions has striking influence
on the artifact properties, and amongst these additives, the fillers especially those acting as
reinforcing agents, have an outstanding importance. The use of fillers in synthetic elastomer
compositions is essencial in order to the obtain materials with low cost, better
processability and mechanical performance. Several definitions for reinforcement can be
found in the literature (1-4), but usually, it can be thought of as the responsible for an
improvement in the service life and in some properties for elastomeric composites, as
increase in hardness, rupture energy, tear strength, tensile strength, and fatigue and
abrasion resistance (5).

The use of cellulose I and II as reinforcement in mixture of natural and synthetic
rubbers has been investigated by some researchers (6-9), and in these elastomeric systems,
cellulose II was used as the structural component while the nitrile rubber was the matrixial
one.

The cure or vulcanization can be defined as a process that promoves an increase in
the retrative force and reduces the amount of permanent deformation remaining after
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removal of the deforming force. Thus, the cure process increases elasticity while plasticity
decreases. It is generally accomplished by the formation of a cross-linked molecular
network (10).

The swelling measurement of vulcanized rubbers in contact with organic solvents is
widely used to determine experimentally the crosslink density, which generally improves
and can be related to changes in physical properties (11-13). A high degree of swelling of
an elastomeric matrix immersed in a given solvent indicates that the product can not be
placed in such environment because the contact between the solvent and the elastomeric
matrix would cause a deleterious effect in the resistance of the cured product (13).

In this work, three differents grades of nitrile elastomers containing 26%, 33% and
45% of acrylonitrile and 0-25 phr of regenerated cellulose or cellulose II were studied.
Cellulose I was incorporated into the elastomeric matrix by coprecipitation of nitrile latex-
cellulose xanthate mixture. Cure parameters such as minimum torque (Mj ), maximum
torque (M), optimum cure time (t90) and cure rate index (CRI) were determinated on an
oscillating disk rheometer. These properties can be related with the crosslink density, which
was obtained using the swelling method in the equilibrium in organic solvents such as
toluene. The correlation between swelling in equilibrium and crosslink density was achieved
by the Flory-Rehner s equation.

EXPERIMENTAL

Preparation of NBR-cellulose II composites

The incorporation of cellulose II into NBR was carried out by coprecipitation of
cellulose xanthate (Rhodia Ind. Quim. e Téxteis) and NBR latex (Nitriflex SA Ind. e
Com.), in acid solution (HySO4 ZnSO4 1:1 molar solution), with pH control and constant
mechanical stirring. After coagulation, the products were filtrated, washed and dried at 50°
C for 24 hours.

Preparation of vulcanized NBR-cellulose II compositions

Dried NBR-cellulose II composites were mixed in a roil mill, according to the
following formulation (14): Elastomer (100 phr), zinc oxide - Uniroyal do Brasil SA Ind.
Quim. (3,0 phr), stearic acid - Companhia Estearina Paranaense (1,0 phr), N-t-butyl-2-
benzothiazole sulfenamide [TBBS] - Industria Monsanto (0,07 phr) and cellulose II (0-25
phr).

Determination of vulcanization or cure parameters

The cure parameters were determined according to ASTM method (15), by means
of a Monsanto oscillating disk rheometer model 100S. The tests were carried out at 150°C
(423 K), arc +/- 3° for 60 minutes. From the rheometric curves obtained for each
compositions, minimum and maximum torques (My, and M) and scorch time (tg2) were
evaluated, the optimum cure time (t90) was calculated from both the 90% vulcanization
torque value (M90) and the cure rate index (CRI).

Determination of crosslink density
Samples of vulcanized NBR-cellulose II with 1,5X1,5X0,2 ¢cm were immersed in
toluene (Reagen-Quimibras Ind. Quim. SA) until a thermodynamic equilibrium was
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reached. After that, from data of polymer-solvent interaction parameters (x), molar volume
of the solvent (Vo), volume fraction of polymer in the swollen mass (Vr) and density of
polymer (d), the crosslink density values (») were calculated as:

v = [In (1-Vr) + Vr + x V2] / Vo[(VD)153 - V1/2]
RESULTS AND DISCUSSION

Table 1 shows crosslink density values and some rheometric parameters for the
cure of the NBR-cellulose II composites, with 26%, 33% and 45% acrylonitrile and 0-25

phr of cellulose IL.

Table 1
Crosslink density values and rheometric parameters of NBR-cell I composites

roperties—» crosslink density | min. torque | max. torque | cure optimum | cure rate
compoundsd (moVem3)x106 ML{dN.m) | MH(dN.m) | time (min.) index (min-1)
NBR26/pure 200.2 88 46.3 21.0 6.3
NBR26/10phr cell I 3414 15.7 98.6 12.5 9.5
NBR26/15phr celi 11 326.1 16.3 100.6 0.5 ILS
NBR26/20phr cell 1 363.7 249 110.7 15 19.6
NBR26/25phr celi H 4117 30.3 121.4 9.5 13.3
NBR33/pure 226.1 5.7 388 320 3.8
NBR33/10phr cell It 380.4 (18 63.8 23.0 5.3
NBR33/15phr cell 11 517.9 15.7 94.8 15.5 9.1
NBR33/20phr cell 11 522.2 16.6 105.1 12.0 12.5
NBR33/25phr cell 11 526.5 18.6 115.8 19.0 6.6
NBR45/.pure 393.5 5.9 35.0 43.0 28
NBR45/10phr cell 11 866.9 8.8 100.6 335 33
NBR45/15phr cell I 960.0 12.2 101.6 25.0 4.5
NBR45/20phr cell 11 995.6 2.2 116.4 33.0 33
NBR45/25phr cell 11 1004.7 1.8 131.8 25.0 44
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Figure 1 shows the influence of cellulose II and acrylomtrile quantities on the
crosslink density values for the composites.
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Figure 1- Crosslink density values for the NBR-cellulose I composites

According to the obtained results, it can be seen that cellulose II causes an increase
in the crosslink density values, for each compositions. It is known that, the minimum
swelling of a rubber or any other polymer in organic solvents is a consequence of high
network; from these observations it is evident the importance of the amount of cellulose in

the composite, i.e., compositions with 25 phr of cellulose II are less swollen than those
with 20, 15, 10 or O phr.

1t is interesting to observe that the amount of acrylonitrile in the NBR affects
significantly the crosslink density values, i.e, composites with equal quantities of
incorporated cellulose in the elastomeric matrix with increasing high acrylonitrile amounts,
present higher crosslink density values. This behaviour can be related to the NBR polarity.

Figures 2, 3 and 4, show rheometric curves for NBR-cellulose I compositions with
26, 33 and 45 % acrylonitrile and 0-25 phr of cellulose 1.

The rise in maximum torque value with the increasing crosslink density is
remarkable all over the NBR-cellulose II composites. The highest values of maximum
torque and crosslink density, i.e., 131 dN.m 1004,7 mol/cm3, were found for the NBR
45/25 phr of cellulose I1, which could explain the influence of NBR polarity and cellulose II
quantity, in the studied systems.
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Figure 2- Rheometric curves for NBR 26-cellulose IT compositions
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Figure 3- Rheometric curves for NBR 33-cellulose Il compositions
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Figure 4- Rheometric curves for NBR 45-celtulose IT compositions

It can be suggested that, after the coagulation of cellulose xanthate, the remaining
xanthate groups present in the system, would allow a certain acceleration in the cure
process. This would lead the optimum cure time (t90) to lower values by increasing the
cellulosic quantity.

CONCLUSION

It can be shown through thermodynamic (crosslink density by swelling method) and
physical (rheometer) studies, a rubber-filler interaction, as well as the polar character of the
investigated elastomers.

It was noteworthy the influence of acrylonitrile and cellulose Il quantities on both
the crosslink density values and rheometric parameters. With regard to crosslink density, a
gradual increase with crescent amounts of filler and acrylonitrile in the composites occured.

The residual sulphur fiom cellulose xanthate coagulation mixed with the
elastomeric latex, combined with the elastomer polarity, could be answerable for the
crosslink formation, as well as for the increase of the maximum torque and the reduction of
the cure optimum time.
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