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Abstract: Reducing Payne effect of natural rubber (NR) composite has been a major challenge in composite’s prepa-
ration. In this work, the composite based on NR and sepiolite was focused. Reduction of Payne effect was successfully
performed by introducing modified palm stearin (mo-PS) as compatibilizer. Sepiolite was fixed at 20 phr whereby the
mo-PS was ranged from 0-3 phr. The properties were studied through curing characteristics, tensile properties and
dynamic properties. The presence of certain functionalities of mo-PS was corroborated by Fourier transform infrared
(FTIR) analysis. From cure properties, scorch and curing times decreased as a function of mo-PS due to the role of mo-
PS as a secondary curing additive in vulcanization process. It was also found that mo-PS improved modulus and tensile
strength of composites. The improvement was due to improved NR-sepiolite interactions arising from hydrogen bonds
formed in presence of mo-PS. This was clearly verified by observing the Payne effect.

Keywords: natural rubber, sepiolite, modified palm stearin, payne effect, tensile properties.

Introduction

The addition of fillers to rubber has given several advantages
to the composite materials. It has become the most important
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rubber ingredients after the curing additives." Recently, there
have been various types of fillers regardless of their types,
shapes and particle size.*® However, the effects of fillers on
properties of rubbers were still not entirely understood. Con-
sidering fillers from clay family, sepiolite is one of its class
which has very special characteristics compared to other
clays.” Sepiolite with the unit cell formula of Si;,MgsOs,
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(OH,F),:(H,0),-8H,0, is a microcrystalline hydrated magne-
sium silicate”® where hydroxyl group (OH) and fluorine (F)
presented on the outer surface of it. Sepiolite is a needle-like
morphology with 2-10 um in length. It has a unique micro-
fibrous structure consisting of tunnel-like micropore channel as
displayed in Figure 1. Such tunnel-like channels are in an order
of layers that arrange towards the fibrous direction.’"

Because of the distinctive surface chemistry of sepiolite, the
dispersibility of sepiolite throughout the non-polar NR is of
interest since the use of sepiolite has brought to a higher filler-
filler interaction especially at high content used. Previously,
there has been an approach to conquer incompatibility between
NR and sepiolite. For example, the use of modified rubber as
compatibilizers." It was found that the modified rubber pro-
vided a remarkable influence on the overall performances of
the composites. However, some properties may be missed out
due to the change in matrix’s characteristics and less trial has
been made to focus on the use of naturally occurring com-
patibilizers.

Here, the use of modified palm stearin (mo-PS) was intro-
duced, mo-PS was synthesized from the fractionated product
gained by crude palm oil (CPO) manufacture.'” Generally, the
fatty acid portion of palm stearin contains highly saturated fats
and triglyceride.” Nonetheless, their methyl esters or tri-
glycerides can react with amines to form the palm stearin that
possesses special functionalities.”"* This kind of chemical

additive has been utilized in many industries such as soap,
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Figure 1. Morphology and structure of sepiolite.'

lubricant, anti-blocking agent, etc.'®'” However, it remains
unexplored in the case of using as compatibilizer in NR com-
posite.

The main point of using mo-PS as compatibilizer is to
reduce the Payne effect of the composite.'®'* This phenomenon
normally occurs when the filler is introduced to the rubber
matrix. It strongly turns the viscoelastic behavior of rubber into
a specific nonlinear behavior. The Payne effect has been the
subject of several studies but to date remains not wholly
explored to all composites.” It is directly related to the filler
characteristics for which it is unbearable to abandon either
filler-filler interactions or rubber-filler interactions. The idea of
this study is to tailor the rubber-filler interactions of NR/sepi-
olite composite in the presence of mo-PS as compatibilizer.
Prior to any explanation, the specimens analyzed in this exper-
iment have been carefully characterized in terms of the tensile
properties and correlated them with the dynamic property.

Experimental

Materials. Table 1 shows the formulation of the NR/sepi-
olite composites in the presence of mo-PS as compatibilizer.
The NR used in this experiment was Ribbed Smoked Sheet 3
grade (RSS 3) manufactured by Chalong Latex Industry Co.,
Ltd., Thailand. Sepiolite supplied by Hebei Dfl Minmet refrac-
tories Corporation, Shijiazhuang, Hebei, China was used as
received. Sepiolite composed of 53.5 wt% of SiO,, 22.8 wt%
of MgO, 1.93 wt% of ALO;, 0.58 wt% of Fe,0;, 0.51 wt% of
K0, 0.17 wt% of CaO and other traces with the loss on igni-
tion of 19.3%.*' Further information of this sepiolite can be
referred to Table 2. Curing activator, ZnO and stearic acid were
supplied by Imperial Chemical Co., Ltd., Bangkok, Thailand
and Global Chemical Co., Ltd., Samut Prakan, Thailand

Table 1. Compound Formulation of the NR/Sepiolite Composites
with and without mo-PS

(Unit : phr)
Ingredients Amount
mo-PS0 mo-PS1 mo-PS2 mo-PS3
NR 100 100 100 100
ZnO 5 5 5 5
Stearic acid 1 1 1 1
CBS 1.5 1.5 1.5 1.5
Sulfur 2.5 2.5 2.5 2.5
Sepiolite 20 20 20 20
mo-PS 0 1 2 3
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Table 2. Typical Analysis Data of Sepiolite'®

Sepiolite properties Values

Colour Light cream
Form Powder
Size 325 mesh or 44 pm
Bulk density 0.86 g/mL (Typically 600-1200 kg/m®)
Expanded volume 9-10 mL/g
Impurity 5-9%
Moisture 0.5-2%
pH 7-9
Melting point 1550 °C
0
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Figure 2. Proposed chemical reaction of mo-PS, adapted from
Surya et al."

respectively. N-cyclohexyl-2-benzothiazole sulfenamide (CBS)
purchased from Flexsys America L.P., WV, USA was used as
the curing accelerator, and the sulfur was supplied by Siam
Chemical Co., Ltd., Samut Prakan, Thailand which was used
as curing agent.

Modification of Palm Stearin. Synthesis of mo-PS was
carried out based on the optimum conditions reported by Surya
et al." Tt was synthesized in a reaction kettle equipped with a
mechanical stirrer. The chemicals involved in the synthesis
corresponds well to the chemical reaction shown in Figure 2.
The mixture of palm stearin and diethanolamine was prepared
and then added into the pre-mixture of methanol and sodium
methoxide. The reaction was performed at temperature of 70
°C for 5 h. Later, the crude product was extracted with diethyl
ether, and washed with saturated sodium chloride solution
whereby the purification of the crude product was done by
mixing it with anhydrous sodium sulfate, and concentrating by
a rotary evaporator. The change in functionalities of mo-PS
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was characterized using Fourier transform infrared spectros-
copy (FTIR).

Characterization of the mo-PS. The change in func-
tionalities of mo-PS using attenuated total reflection-Fourier
transform infrared spectroscopy (ATR-FTIR), a Bruker FTIR
spectrometer (Tensor 27, Bruker Optik GmbH, Baden-Wiirt-
temberg, Germany) with a smart durable single bounce dia-
mond in the ATR cell. The spectrum was recorded from 4000-
400 cm™ in transmission mode after 32 scans per spectrum,
with 4 cm™ resolution.

Preparation of Composites. All the ingredients used were
sequentially compounded in a Brabender (Plastograph® EC
Plus, Mixer W50EHT 3Z, Germany). Each compound was
prepared separately depending on the formulation suggested.
After dumping from an internal mixer, the compound was then
milled onto a two-roll mill to remove heat. The compounds
were then vulcanized by compression molding. The time
required for the vulcanization depends on the curing times
observed from a Moving Die Rheometer (MDR).

Determination of Curing Characteristics. The curing
characteristics test of the compounds were performed by using
a moving die rheometer (Rheoline Mini MDR Lite, Prescott
Instrument Ltd., UK) according to ASTM D5289. The tem-
perature was set at 150 °C. The curing curves were imple-
mented to interpret the curing characteristics of the composites.

Determination of Tensile Properties. Tensile properties
were measured to observe the performance of the composites.
The molded sheets were cut into dog-bone shapes for tensile
properties determination which cover tensile modulus, tensile
strength and elongation at break. The test was performed
according to ASTM D412 using a universal tensile testing
machine (Tinius Olsen, H10KS, Tinius Olsen TMC, Horsham,
PA, USA) at a cross-head speed of 500 mm/min.

Payne Effect and Damping Characteristic of the
Composites. The Payne effect and damping characteristic of
NR/sepiolite composites were monitored using a rubber pro-
cess analyzer model D-RPA 3000 (MonTech Werkstoff-
priifmaschinen GmbH, Buchen, Germany). The test started
with curing the samples at 150 °C to obtained fully vulcanized
sample before cooling down until it reached 60 °C. The testing
frequency was 10 Hz while the strain was varied from 0.5 to
90%. The data was recorded in terms of storage modulus (G")
and damping factor (tan 8). G' was later used to study the
Payne effect by calculating according to the equation below;

Payne effect = G’ — G% 1
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Where G'; is the G’ at 0.5% strain and G is the G' at 90%
strain. Higher Payne effect indicates higher filler-filler inter-
actions.

Results and Discussion

Functionalities of mo-PS. FTIR was used to confirm the
presence of functionalities both in unmodified and modified
palm stearin. Typical infrared spectra of these two products is
illustrated in Figure 3 whereby the wavenumbers and their cor-
responding assignments are listed in Table 3. These two spec-
trums exhibited similar peaks of C-H stretch observed at
wavenumbers of 2922 and 2852 cm™, and CH, rocking at 721
and 719 cm™. These bands correspond to a long hydrocarbon
chain of palm stearin which is originally from fatty acids. An
umbrella mode at 1352 cm™ was also observed due to a methyl
group (CH;) attached to a carbon atom.” The significant
changes of bands observed for unmodified and mo-PS were
strong band at 3410 cm™, 1629 and 1556 cm™, and 1064 cm’
assigning to the O-H stretching, the C=0 stretching and the
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Figure 3. FTIR spectra of unmodified and modified palm stearin.

Table 3. The Observed Peaks and Respective Assignments of
Unmodified and Modified Palm Stearin

Wavenumbers (cm™) Suggested assignments

3410 O-H stretching
2922, 2852 C-H stretching
1745 C=0 strength in ester
1629, 1556 C=0 stretch in modified structure
1352 CH; umbrella mode
1064 C-N stretching
721/719 CH, rocking
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Figure 4. Curing curves of NR/sepiolite composites with and with-
out mo-PS.

amide C-N stretching, respectively. The obtained spectrum
clearly corresponds to the functional groups present in mo-PS,
as seen in the reaction scheme shown in Figure 2.

Curing Characteristics. Figure 4 exhibits the curing curves
of the NR/sepiolite composites both with and without mo-PS
as compatibilizer. The curing parameters obtained from the
curing curves are also listed in Table 4. It was found that the
minimum torque () and the maximum torque (Mj;) increased
with the addition of mo-PS. An increment of these two values
clearly indicated a good sign that mo-PS has effectively pro-
vided the composite with better property. mo-PS helped to
improve the interaction between NR and sepiolite which later
resulted to increase the torque of the composites. This is
because M; and My could also indicate the development of
physical and chemical interaction gained in the composite.
Similar finding was seen for the torque differences (My-M, ).
As this result indicates the degree of crosslinking and/or inter-
action within the composite system,” this observation again
ensured the compatibility of the NR and sepiolite in the pres-
ence of mo-PS as compatibilizer.

Another interesting findings were from the curing process of
the composites in the presence of mo-PS as compatibilizer. As
can be seen from Table 4, the scorch (%) and curing time (7o)
of the composites decreased upon the addition of mo-PS. As
can be seen previously from Figure 2, diethanolamine was the

Table 4. Cure Characteristics of NR/Sepiolite Composite with
and without mo-PS

Compound (dI]\\I/['Lm) (d{\\ﬁn) (Agﬁj\n?) (ntlsiln) (éﬁon)
mo-PSO 0.9 9.0 8.1 138 3.9
mo-PS1 1.0 8.9 7.9 076 2.53
mo-PS2 1.0 9.3 8.3 073 252
mo-PS3 1.1 9.6 8.5 056 246
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main chemical in the reaction of mo-PS, which is also the main
component that made mo-PS an alkaline substance. This has
increased the pH of rubber compounds. Any additive that
gives rubber compound more alkalinity, would lead to shorten
the curing process of the compound. This is because the acidic
chemical substance can absorp the accelerator which then
retard the vulcanization process.'*** It was, therefore, expected
that the containment of amine in the mo-PS played major role
in acelerating the cure rate of the composites.

Tensile Properties. Table 5 summarizes data obtained from
the tensile properties namely tensile modulus at 100% (M100)
and 300% (M300) strains, tensile strength and elongation at
break. The addition of mo-PS has increased the tensile strength
of the NR/sepiolite composites by improving up to 1 phr of
mo-PS. Increased addition of mo-PS above this level reduced
the strength of composites. The presence of mo-PS plays very
important role to provide the composite with greater rubber-
filler interactions. This interaction enables to exist through

Table 5. Tensile Properties of NR/Sepiolite Composite with
and without mo-PS

N. Jehsoh et al.

hydrogen bonding between the amide, carbonyl and/or hydroxyl
groups available in the mo-PS and the hydroxyl and siloxane
groups available on the sepiolite where the alkyl chain (-R-)
available from the mo-PS attached with the rubber chain via
dipole-dipole interaction. A plausible mechanism of interaction
of NR and sepiolite in the presence of mo-PS is proposed in
Figure 5. The improvement gained by this system enhanced
the wetting and adhesion of filler to the rubber matrix, allow-
ing the better transfer of stress the composites. This obser-
vation agreed well to the previous report proposed by Jehsoh

etal®

on the use of mo-PS in the composite based on NR and
HNT. This is because the sepiolite is chemically similar to
HNT. Therefore, such plausible interaction is also observed in
this composite.

The reduction in tensile strength after 1 phr of mo-PS addi-
tion, may be associated to the plasticizing effect of mo-PS.
When more mo-PS was used, it could act as external plas-
ticizer to the rubber composites, sepiolite may subsequently
have a possibility to re-agglomerate to certain area and gen-
erate the filler’s network. Such agglomerates became a stress
concentration point and created a flaw at earlier stage of

Tensile  Elongation stretching. Thus, the energy required to break the sample is
C d  Stength  atbreak 100 M300 - de a si
ompoun (ﬁll;i) a (O/ro‘;a (MPa) (MPa) less at such condition. This phenomenon would provide a sim-
ilar effect to the elongation at break of the NR/sepiolite com-
mo-PS0 20.3+1.0 693+8 0.92+0.06  1.98+0.18 posites
- + + + + '
mo-PST 23.6£08  682+17  1.00£0.02  2.07£0.05 As for the stresses at 100% (M100) and 300% (M300)
moPS2  227+08  681xl5  1.03:0.01 2.18+0.06 strains (see Table 5), it can be seen that the M100 and M300
mo-PS3 21.7+0.9 67612 1.05£0.03  2.22+0.19 increased slightly with mo-PS content. There are two com-
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Figure 5. Proposed model of interactions and bonding between sepiolite and mo-PS.
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petitive factors affecting the modulus of the composites; one
being due the influence of rubber-filler interactions another
was being due to the re-agglomerating effect as discussed ear-
lier. It resulted in harder and stiffer composites. Such finding is
clearer when examining the M300. The result obtained here
corresponded well the My; and M;-M; values in the preceding
section.

Payne Effect and Damping Characteristic. The rubber-
filler interactions was evaluated through the dynamic prop-
erties of the rubber composites. The obtained storage modulus
and the damping characteristics of the composite results were
later interpreted for their Payne effect. Figure 5 illustrates the
G' and the Payne effect (G'-G') of the NR/sepiolite com-
posites with and without mo-PS. As the materials were tested
after cure, so filler-filler and filler-rubber interactions as well
as crosslinks contributed to the level of the G". After the break-
down of filler-filler interactions at high strain, the G’ of the
composites is mainly affected by the crosslinks and rubber-
filler interactions. It was found that G' of the composites con-
taining mo-PS were higher than that of uncompatibilized coun-
terpart. This is clear that the rubber-filler interactions was
promoted in the presence of mo-PS. However, the use of high
content of mo-PS (e.g., mo-PS3) may result to reduce G’ value
to considerable extend which is simply due to a plasticizing
effect of mo-PS as stated earlier in the previous session.

Moreover, the Payne effects of all rubber composites were
calculated from the difference between the G' at low and high
strain amplitudes (see the Table embedded in the Figure 6).
The value of G'-G'; was found to be 241.63 kPa for the NR/
sepiolite composites without mo-PS, and 166.80, 167.70 and
186.26 kPa for the composites with mo-PS at 1-3 phr respec-
tively. This is a clear indication that introducing mo-PS has
greatly influenced the Payne effect of the composites as the

700

& 600 —\*“'\
=
w 500
=
_§ 400
= 300 -+ mo-PS0
@ « mo-PS1 Compound | G, - G'; [kPa)
g 200 | | o-PS2 meFSD | 24163
=] mo-PS1 166.80
G Al i mOEDD mepsz termo
0 mo-PS3 186.26
0.5 5 50
Strain (%)

Figure 6. Storage modulus and Payne effect of NR/sepiolite com-
posites with and without mo-PS.

0.35

*+ mo-PS0

0.3
0.25

tan &

Strain (%)

Figure 7. Tan delta of NR/sepiolite composites with and without
mo-PS.

values of G'-G'; reduced significantly. Such reduction of these
values is associated to a decrease of filler’s network and indi-
cates a high rubber-filler interactions.” The Payne effect
decreased with increasing mo-PS content to a minimum at 1
phr, thereafter increases slightly. The addition of mo-PS at only
1 phr is enough to cover the interactions between NR and sepi-
olite. However, a slight increase of these values after 1 phr of
mo-PS may be responsible to a plasticizing effect of mo-PS
itself, it may result to interfere the interaction of rubber and
filler. Sepiolite may have a possibility to re-agglomerate and
increase the Payne effect of the composites. This finding cor-
relates to the tensile properties observed especially at 1 phr of
mo-PS content.

Relationship between tan & and strains of the NR/sepiolite
composites is shown in Figure 7. Higher tan & indicates lower
elastic behavior. It is obvious that mo-PS has significantly
influenced on the damping characteristics of the composites.
Lower tan 6 was found for the composites containing the mo-
PS as compatibilizer. This is a very good sign that mo-PS
could enhance elastic response to the composite due to an
improve in rubber-filler interaction. Moreover, lowest tan &
was observed when adding the mo-PS at 1 phr. This cor-
responds well to the Payne effect of the composites, confirming
that such amount is sufficient to include in the composite based
on NR and sepiolite.

Conclusions

The overall performance of NR/sepiolite composites were
visibly improved by adding mo-PS as compatibilizer. The
main contributions are from the wax in nature of mo-PS which
can improve the dispersion of sepiolite throughout the NR
matrix, and the chemical structure that can improve the com-
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patibility of NR and sepiolite. This has brought to an increase
in modulus and tensile strength. The presence of mo-PS pro-
vided lower Payne effect, confirming the improvement of
interaction between NR and sepiolite. In summary, it can be
concluded that the addition of mo-PS at 1 phr is suggested for
this composite. This recommendation can be further imple-
mented for manufacturing the rubber products based on this
composite. To some extent, this could lead to a modification of
processing methods without requiring the use of commercial
compatibilizers that are costly and complicated the process.
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