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Abstract: N,N-dimethyldodecylamine (tertiary amine)-modified MMT (DDA-MMT) was prepared as an organi-
cally modified layered silicate (OLS), after which styrene-butadiene rubber (SBR) nanocomposites reinforced with
the OLS were manufactured via the latex method. The layer distance of the OLS and the morphology of the nano-
composites were characterized by X-ray diffraction (XRD) and transmission electron microscopy (TEM). By
increasing the amount of N,N-dimethyldodecylamine (DDA) up to 2.5 g, the maximum values of torque, tensile
strength and wear resistance of the SBR nanocomposites were increased due to the increased dispersion of the sili-
cate layers in the rubber matrix and the increased crosslinking of the SBR nanocomposites by DDA itself. When
SBR nanocomposites were manufactured by using the ternary filler system (carbon black/silica/OLS) to improve
their dynamic properties as a tire tread compound, the tan & (at 0 °C and 60 °C) property of the compounds was
improved by using metal stearates instead of stearic acid. The mechanical properties and wear resistance were
increased by direct substitution of calcium stearate for stearic acid because the filler-rubber interaction was
increased by the strong ionic effect between the calcium cation and silicates with anionic surface. However, as the
amount of calcium stearate was further increased above 0.5 phr, the mechanical properties and wear resistance were
degraded due to the lubrication effect of the excessive amount of calcium stearate. Consequently, the SBR/organoclay
nanocomposites that used carbon black, silica, and organoclay as their ternary filler system showed excellent
dynamic properties, mechanical properties and wear resistance as a tire tread compound for passenger cars when
0.5 phr of calcium stearate was substituted for the conventionally used stearic acid.

Keywords: styrene butadiene rubber, organically modified layered silicates, latex method, morphology, cure character-
istics, tan o, wear resistance, calcium stearate.

Introduction

Active development of nanotechnology began in the 1990s
in all fields of science and engineering. Since organoclay
was introduced to polyamide by the Toyota group,'” many
researchers have studied a variety of polymer nanocompos-
ites using organoclay. Clay such as montmorillonite (MMT)
is composed of silicate layers. When MMT is mixed with
polymer showing hydrophobic nature, it forms agglomer-
ates because MMT has a hydrophilic nature. To alleviate this
problem, sodium ions existing between the MMT layers are
ion-exchanged by appropriate long chain alkyl ammonium
ions, as a result, the gallery distance between the layers can
be increased and the modified MMT shows less hydrophilic
nature. When these OLS (organically modified layered sili-
cates) are used, the compatibility between the OLS and
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polymer matrix will be improved, as a result, the dispersion
of OLS can be improved.

Preparations for rubber matrix MMT nanocomposites can
be classified as follows: the solution methods,”” the com-
pounding methods,*'® and the latex methods."” > Dispersion
and exfoliation of the layered silicates in the SBR nanocom-
posite prepared by the latex method is much better than
those prepared by the compounding method. This is due to
the presence of long chain alkyl ammonium ions on the sur-
face of silicates and their hindrance of reaggregation of the
swelled silicates during coagulation of rubber particles.”
This is a big benefit of the latex method because rubber
molecules which show very high molecular weight do not
need to penetrate into the galleries of silicates.” Another
benefit of the latex method is that the rubber latex can be
readily used and the dispersion effect can be maximized
because swelled MMT can be evenly dispersed in the latex
solution.



SBR/Organoclay Nanocomposites for the Application on Tire Tread Compounds

In rubber compounds, stearic acid is used as an activator
for sulfur curing, and also as a lubricant during the com-
pounding process. Metal stearates which have cations on its
chemical structure can replace stearic acid. These cations
also can interact with the surface of silicates which show
anionic characters, so the dynamic properties of silicate
filled SBR compounds can be affected.

It is generally accepted that the values of tan & of carbon
black filled SBR vulcanizates at 60 °C and those of tan ¢ at
0 °C are suitable for laboratory indices to evaluate rolling
resistance and wet traction of tire tread compounds for pas-
senger cars, respectively.”’ >

In this study, SBR/clay nanocomposites are prepared by a
latex method. After evaluating the physical properties of
SBR/clay nanocomposites according to the content of N,N-
dimethyldodecylamine (DDA) compared to that of the clay,
the appropriate DDA content was established, and the study
on the effect of metal stearate has been carried out to
improve the wet traction and rolling resistance of tire tread,
and a comparative evaluation was made on the curing char-
acteristic, dynamic viscoelasticity, wear resistance and
mechanical properties of the SBR/organoclay nanocompos-
ites applied with metal stearates.

Experimental

DDA-MMT Suspension Solutions. Five grams of Na-
MMT (Na'-montmorillonite) was agitated for 1 h in 500 mL
of distilled water at 65 °C after that N,N-dimethyldodecy-
lamine(DDA: 0.0, 0.5, 1.0, 1.5, and 2.5 g, respectively) was
mixed with the prepared 500 mL of swollen Na-MMT sus-
pension. Then, the mixture was agitated strongly for 1.5 h.
425 g of SBR-1502 latex (bound styrene content: 23.5% in
styrene-butadiene rubber; 25 wt% of solid contents in the
latex; Kumho Petrochemical Co., Korea) was poured into
this suspension solution and then the mixture was agitated
with 400 rpm at 30 °C for 2 h.

Co-Coagulation of SBR Latex/DDA-MMT. A solution
of 400 mL of distilled water and 20 mL of conc. HCI solu-
tion (35 wt%) poured into the above mixture for co-coagu-
lation. The co-coagulated SBR latex/organically modified
layered silicates (OLS) is washed until the pH becomes
about 7, after that dried in an oven at 80 °C for 15 h.

Manufacturing of SBR Nanocomposites. With a two-
roll mill (roll speed ratio; 1:1.4), the co-coagulated nano-
compound was premixed for 3 min at 50 °C. Silica and car-
bon black were mixed by introducing a step compounding
method as follows.”® After that compounded in a Banbury
type mixer for 2 min at 110 °C, silica (Zeosil-175), PEG-
4000 and a coupling agent (bis-(3-triethoxysilylpropyl)-tet-
rasulfide (TESPT, trade name; Si-69)) were added to the
mixed compound and compounded by using the same mixer
for 5 min at 110 °C. Then carbon black (N 220) was added
in this compound and mixed during 5 min. This compound
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was added with ZnO as an activator, stearic acid or metal
stearates as a lubricant, and 2,2,4-trimethyl-1,2-dihydro-
quinoline (TMDQ) as an antioxidant after that mixed for 5
min. Then the dumped compound was added with sulfur as
a curing agent and N-tert-butyl-2-benzothiazoyl sulfona-
mide (TBBS) as an accelerator in the two-roll mill at 50 °C.
The mixed compounds were pressed using a hydraulic press
at 160 °C for appropriate vulcanization time (#y) for the
manufacturing of SBR nanocomposites.

Characterization. To measure the change of gallery dis-
tance of OLS, X-ray diffraction (XRD) test was performed
at room temperature using a Rigaku D/MAX 2200 (Japan)
X-ray diffractometer. X-ray diffraction data were obtained
from 2.5° to 10° (26) at a rate of 1°/min. To examine the dis-
persion and exfoliation states of the clay in the matrix, the
sample was microtomed up to thickness 70 nm at a liquid
nitrogen atmosphere and then TEM (transmission electron
microscope; Philips; Model CM 200) images were obtained
with 120 kV of acceleration voltage.

Cure characteristics were measured using a cure-meter
(MYUNG-JI Tech, Model; ODR 2000, KOREA) under the
following conditions: oscillation angle; +/-1°, temperature;
160 °C, and running time; 30 min.

Stress-strain curves were obtained by using a UTM (uni-
versal testing machine; Instron 4485, USA) with an exten-
sion rate of 500 mm/min.

The dynamic mechanical properties were measured using
a rheometric scientific DMA analyzer (model DMA Q800,
TA Company, USA) under the following conditions: frequency;
10 Hz, amplitude; 30 um, heating rate; 2 °C/min., tension
mode, and temperature range; 60~80 °C.

Abrasion experiments were performed in an air atmo-
sphere at room temperature using a blade abrader.’'** The
rotation speed of the rubber disk was controlled to 10 rpm to
prevent heat generation due to the frictional sliding. The
applied normal load was 2 kg (19.6 N).

Results and Discussion

As shown in Figure 1, detailed observations for the manu-
facture of modified clay that follows the SBR nanocompos-
ites manufacturing process and latex coagulation process
have been made by using X-ray diffraction pattern to find
26=7.1° with 1.24 nm of d-space for Na-MMT, and the
result after swelling in distilled water came up with 26=5.7°
with 1.55 nm by showing the widening of d-space. As it can
be found in Figure 1(b), the stirring of Na-MMT at distilled
water for 1 h showed a presence of a peak at the range of 26,
which suggests incomplete exfoliation. As shown in the
Figure 1(c), the swelling of Na-MMT for 1.5 h resulted 26=
4.2° by increasing the d-space to 2.10 nm, and the strength
of the peak was weaker than the result that was measured
after stirring for 1 h by showing the gradual exfoliation of
Na-MMT.
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Figure 1. X-ray diffraction (XRD) patterns at various stages of the
preparation process: (a) Na-MMT; (b) Na-MMT + water (swelling,
after 1 h); (¢) Na-MMT + modifier + water (after 1.5 h); (d) OLS
+ SBR latex (after 2 h); (e) after co-coagulation with HCI; (f)
after co-coagulation (dried); (g) after compounding; (h) after vul-
canization.

By seeing the disappearance of X-ray diffraction peak at
the Figure 1(d), a complete exfoliation of Na-MMT was
made in distilled water and the stirring time 2 h is consid-
ered to be enough. At the Figure 1(e), broad peaks were
found from 3° to lower angle, which are considered to be the
result of reaggregation of exfoliated silicates in various d-
spaces by the simultaneous progression of latex coagula-
tion. In addition, through the Na" ion exchange by dimethyl-
dodecylammonium ion, a 3-fold increase of d-space of
silicates was found compared to that of Na-MMT. As the
Figure 1(f) and (g) show, the d-space of silicates after dry-
ing resulted to show more distinctive peaks at 1.0° (8.82
nm) and 1.2° (7.35 nm), respectively, which are considered
to be the result of removing water through a drying process.
At the Figure 1(h), two separated peaks were observed at
2.1° (4.20 nm) and 5.0° (1.77 nm). These peaks were not
detected in the range of 28 before vulcanization because of
the long layer-to-layer distance of silicates. It is considered
to be the result of narrowing of d-space by DDA modifier
molecules that were presented in between the silicate layers
as the molecules obtained thermodynamically stable confor-
mation after the high pressure and heat for the time of curing.

Figure 2 shows TEM image that could be used to observe
the dispersion of clay in the SBR/clay nanocomposites that
were manufactured by using Na-MMT and DDA-MMT. The
SBR/Na-MMT nanocomposite photographed in Figure 2(a)
showed unsatisfactory dispersion caused by the aggregation
of silicates. The result is thought to be the phenomenon
caused by the reaggregation between polar silicates at the
time of coagulation even if clay was exfoliated during
swelling.” Contrary to the result it was possible to observe
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Figure 2. TEM images of (a) SBR/Na-MMT and (b) SBR/DDA-
MMT nanocomposites.

4~8 layers of silicate in the SBR/DDA-MMT nanocompos-
ite. It is considered to be the result of using dimethyldodecyl
ammonium that induced the cation exchange reaction with
the Na" ions presented in silicate layers and less polar sur-
face of silicates as the result of the reaction, which led to the
lowering of silicate-silicate interaction and improved the
dispersion of silicates. Such pattern was well correspond to
the result of increased d-spacing of silicates by DDA, which
was observed at the XRD diffraction peak of the Figure 1(g).
When the amounts of filler content were restricted to 60
phr, the optimum ratio of dual phase fillers were 25/35 phr
of silica/carbon black as the tire tread compounds.’*** It was
found that these system gives overall good properties in tear
strength, crack resistance, cutting resistance and dynamic
viscoelastic properties. Based on this, at first, by removing
carbon black and replacing 5 phr of silica with the same
amounts of MMT, silica/MMT filled SBR compounds were
evaluated. It is important to analyze the effect of the amounts
of DDA modifier on the properties of SBR/IDDA-MMT
nanocomposites. Test formulations by the content of N,N-
dimethyldodecylamine (DDA) and the cure characteristics
were listed in Table I, and the curves of cure characteristic
were represented in Figure 3. Scorch time is the spent time
just before initiating the curing, which revealed reduction of
the time as the content of DDA to SBR was increased from
0 p to 2.5 phr along with the reduction of optimum curing
time 7. In addition, the difference of torque values (AT;
maximum torque (7,,,)-minimum torque (7,,,)) of SBR/
clay nanocomposite has been reported to show the degree of
crosslink by the chemical reaction between rubber mole-
cules and sulfur,” and the increase of DDA content allowed
us to confirm the significant increase of A7 value in the order
of A1<A2<A3<A4<AS compound. The result is attribut-
able to the ammonium salt presented in between the DDA-
modified nanosilicate layers, which acted as an accelerator
to speed up the ring opening of sulfur (Sg) that is the cross
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Table 1. Experimental Formulations for Different Amount of
N,N-Dimethyldodecylamine (DDA) (Amount; phr)

Al A2 A3 A4 AS

SBR 1502 100
Na-MMT 5
Dimethyldodecyl Amine (DDA) 0 0.5 1 1.5 2.5
Silica (Zeosil-175) 20
PEG 4000 2
TESPT (Si-69) 2
Activator (ZnO) 3
Lubricants (St/A) 2
Antioxidant (TMDQ) 1
Accelerator (TBBS) 1.6
Sulfur 1

15:40 6:09 5:33 5:15 4:33
26:19 22:01 21:50 21:26 19:50

to (min:sec)

too (min:sec)

T in (N-m) 047 058 072 0.75 0.84
T, (N-m) 192 225 262 275 3.04
AT (N-m) 145 167 190 200 220
35
30 U
25 - B ety

Torque (N-m)

0 5 10 15 20 25 30
Time (min)

Figure 3. SBR rheometer curves with different amount of N,N-
dimethyldodecylamine (DDA).

linking agent of SBR, and consequently shortened the cur-
ing time, and increased the vulcanization rate and the degree
of crosslink.”® In case of SBR and NR compounds, amino
group has been reported to accelerate the crosslinking reac-
tion,”” and the corporate reaction of amino groups in ben-
zothiazyl accelerant and modifiers has been reported to
accelerate the rubber curing in case of the NR/organoclay
nanocomposite which use octadecylamine as a modifier.*®
Figures 4 and 5 represent the results of evaluating mechani-
cal properties by measuring the tensile strength, modulus
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Figure 4. Stress-strain curves with different amount of N,N-di-
methyldodecylamine (DDA).
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Figure 5. Tear strength with different amount of N,N-dimethyl-
dodecylamine (DDA).

(100%, 300%) and tear strength of SBR/clay compound that
applied up to 50% (2.5 phr) of DDA based on 5 phr of clay.
The measured tensile strength and tear strength of SBR/Na-
MMT compound (Al compound) resulted to show 63.48
kgf/em® and 19.56 kgf/cm, respectively. These values were
lower than the values of SBR/organoclay nanocomposite
manufactured by organo-clay. The result is responsible for
the occurrence of silicate aggregation phenomenon within
the nonpolar rubber matrix. The clay that was not organi-
cally modified is considered to be the cause of lowered
physical properties by the reduced dispersion of silicates
along with the reduction of the interaction between nonpo-
lar rubber chains and polar silicates. Due to such aggrega-
tion phenomenon, it provides internal cracks when the high
strain was applied, which resulted to have lower tensile
strength and tear strength. Compared to that, the A2~AS5
compounds that were organically modified by DDA showed
the increase of tensile strength from 93.86 to 110.59 kgf/cm®
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as the DDA content was increased up to 50% (2.5 phr) to 5
phr clay, and the 300% modulus value of each compound
was increased by following order of A5 (86.82 kgf/cm®)
>A4 (69.36 kgf/em®) > A3 (64.67 kgf/em®) > A2 (63.03 kgf/
cm’) > Al (42.72 kgf/em®), which corresponded to the
result of maximum torque value that was measured at the
cure characteristic curve. In case of 300% modulus, A5
compound revealed more than 2 fold improvement com-
pared to A1 compound. So, these results is thought to be the
result of improved dispersion of silicates by the application
of DDA, which consequently resulted to have hydrody-
namic reinforcement effect, and the effect of amines that
increased the degree of crosslink might be the cause to have
such result.

The hydrodynamic reinforcement is the function of filler
volume fraction and aspect ratio which is affected by sur-
face area of filler, surface energy, and aggregate structure.”
The aspect ratio is the ratio of the longest length to the
shortest length of the filler, and the case of extensively exfo-
liated clay has very high values of aspect ratio and the
arrangement of widely exfoliated clay to tensile direction
could be the cause of inducing high tensile strength. For the
DDA-MMT that shows the dispersion of 4~8 silicate layers,
it could be told as the case of showing excellent reinforce-
ment effect of clay by having anisotropic shape.

For natural rubber and SBR, it is possible to observe the
formation of sticky abrasion particles on the surface of abra-
sion specimens during abrasion test. This phenomenon is
called as smearing. The result of forming low molecular weight
materials by the chemical degradation of rubber caused by
friction, heat, and oxygen could produce the phenomenon of
smearing on the abrasion surface.*”* This phenomenon is
the important evidence for chemical abrasion of rubber, and
the occurrence of smearing phenomenon significantly reduce
the wear rate, which can often cause an error in the interpre-
tation of the results of rubber abrasion test. The present test
was carried out by applying the same amount of aluminum
oxide powder in 10 min interval for 3 times on the surface
of specimen to prevent the occurrence of smearing phenom-
enon. By using a blade abrasion tester, 2 kg of normal force
was applied, and the speed of motor was fixed at 10 rpm to
measure the amounts of abraded rubber debris and the result
was represented in Figure 6. As the result indicates, the
increase of DDA content up to 50% (2.5 phr) to 5 phr clay
reduced the wear rate (W3) and the wear rate of A5 com-
pound showed 43.9% reduction to that of Al compound,
which is thought to be the result of excellent dispersion of
silicates in rubber matrix by DDA modifier and the increased
degree of crosslink through the acceleration of cross link-
ages of rubber by the increased content of ammonium salts.

As the important physical properties of tire tread com-
pound, the traction at wet road surface and the rolling resis-
tance that indicates the energy loss of viscoelastic material
of tread rubber by applying repeated deformation to the roll-
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Figure 6. Wear rate at different amount of N,N-dimethyldodecy-
lamine (DDA).

ing tire during driving have been evaluated by using the
50% (2.5 phr) DDA to 5 phr clay applied SBR/organoclay
compound that showed excellent mechanical properties and
wear resistance while applying different types of metal
stearate to evaluate the dynamic viscoelasticity of the com-
pound. As in the low strain DMA test, the behavior change
of storage modulus (£"), loss modulus (£"), and tan 6 under
the repeated dynamic strain with the amplitude of 30 um
has been reported to be attributable to the energy change by
the breaking or reunion of filler-filler network.*® According
to the Payne effect, the filler network effect tends to increase as
the aggregates become agglomerates and the networks
between such small particles are generally easy to be broken
down by the application of dynamic strain. In case of silica
compound, high filler-filler interaction and low filler-poly-
mer interaction shows the high Payne effect and its high
tan & values have been reported.’******* However, the tan &
values for rubber compounds at the temperature higher than
the glass transition temperature (-80~—20 °C) have been
reported that the reinforcement by carbon black resulted to
show higher tan J value than the reinforcement was made
by silica.*** In other words, the filler-filler interaction of
silica is stronger than carbon black, which enables to main-
tain its filler network under the repeated dynamic strain, but
carbon black has a relatively weaker filler-filler interaction
and filler network can be easily broken down by repeated
dynamic strain to release energy and the tan ¢ value is also
increased. However, the filler-polymer interaction becomes
the major function instead of filler-filler interaction as the
strain is increased and the behavior of tan ¢ values of silica
and carbon black show contrary phenomenon to the behav-
ior that was observed at low strain. When the correlation
between the performance of tire and tan ¢ value of tread
compound was observed, tan J value at the glass transition
temperature range is related to wear resistance characteris-
tic, and the tan o value at 0 °C has the relationship to the
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Table I1. Experimental Formulations According to the Metal
Stearates (Amount; phr)

B1 B2 B3 B4
SBR 1502 100
DDA-MMT 5
Carbon Black (N-220) 35
Silica (Zeosil-175) 20
PEG 4000 2
TESPT (Si-69) 2
Activator (ZnO) 3
Lubricants St/A (2phr) K/St (2phr) Ca/St (2phr) Zn/St (2phr)
Antioxidant (TMDQ) 1
Accelerator (TBBS) 1.6
Sulfur 1
tan d (at 0 °C) 0.266 0.301 0.332 0.271
tan J (at 60 °C) 0.169 0.157 0.151 0.164

traction at wet road surface. In addition, the tan ¢ value at
50~60 °C has the relationship to the rolling resistance of tire
for passenger cars.”” > Namely, higher tan & value at 0 °C
suggests high traction at wet road surface, and the lower tan
o value at 50~60 °C indicates the excellence of rolling resis-
tance.”’ In case of tire tread compounds that are applied with
dual phase filler system, the most excellent tan ¢ value was
observed when the carbon black and silica was mixed at the
ratio of 35:25.°"** In the test results acquired by the content
of DDA, the most excellent wear resistance organoclay
manufacturing condition (50% of DDA content to the con-
tent of clay) was applied to manufacture DDA-MMT 5 phr,
which was used to conduct the test by replacing silica 5 phr
with it. Tests have been conducted by applying different
types of stearic acid and metal stearates (potassium stearate,
calcium stearate, and zinc stearate). The following formula-
tions were provided in Table II. Tan ¢ value measurement
results by the types of metal stearates was represented in
Figure 7, which showed higher tan & values at 0 °C in all
metal stearate applied compounds than the Bl compound
that was applied with stearic acid. So, the reduction of
breaking distance at the wet surface is expected, and the low
tan o values at 50~60 °C could be promising to have fuel
cost saving effect by improving the rolling resistance of tire.
Before the study of current laboratory, a previous study*
reported the excellent swelling ratio value for the compound
that was applied with metal stearate than the compound that
was applied with stearic acid. Especially, the cause of hav-
ing the most excellent tan J value at the time of applying
calcium stearate is attributable to the ion-effect between the
negatively charged surface of silicate layer and divalent ion
of Ca™ act more favorably. At the time of applying metal
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Figure 7. DMA curves of tan 6 according to the various kinds of
metal stearate applied compounds.

stearate, the mobility of metal stearate may be low at 0 °C
and the relatively high energy dissipation is occurred by
small strain under the high silicate-silicate layer interaction
by showing high tan &, but the mobility of metal stearate
may be increased at the temperature of 50~60 °C to have
low silicate-silicate layer interaction and the tan 6 value is
lowered by showing relatively low energy dissipation by the
applied strain.

Samples have been manufactured by using the ternary
filler system that applied carbon black, silica, and DDA-
MMT based on SBR 100 phr. Because of hydrophobic char-
acteristic of carbon black that is commonly used as the filler
of rubber, it shows good dispersion within rubber matrix,
but hydrophilic silica has been known to show unsatisfac-
tory dispersion characteristic within rubber matrix. How-
ever, it has been reported that the dispersion of silica can be
maximized by the use of stepwise mixing method to mix
silica and carbon black in the rubber matrix and the use of
TESPT that acts as a coupling agent could modify such sur-
face characteristic of silica to be less hydrophilic.”’ So, the
current test applied the stepwise mixing and Si-69 to mix
silica and carbon black in the rubber matrix. The amount of
filler is total 60 phr that is comprised by 35 phr of carbon
black, 20 phr of silica, and 5 phr of organoclay to SBR 100
phr. In the measurement result of dynamic viscoelasticity,
calcium stearate that showed the most excellent result was
used to conduct the test by the content of stearate. Table III
listed the formulations by the content of calcium stearate
and the curing characteristic curves were represented in Fig-
ure 8. As the result indicates, calcium stearate applied C2
(0.5 phr) and C3 (2 phr) compounds showed higher values
0f 0.50 N-m & 0.47 N-m in the minimum torque values and
0.78 N-m & 0.30 N-m in the maximum torque values, respec-
tively compared to the stearic acid applied C1 compound.
The presence of strong ion-effect between negatively
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Table III. Experimental Formulations for Different Amount
of Calcium Stearate (Amount; phr)

C1 C2 C3 C4

SBR 1502 100
DDA-MMT 5
Carbon Black (N-220) 35
Silica (Zeosil-175) 20
PEG 4000 2
TESPT (Si-69) 2
Activator (ZnO) 3
Lubricants St/A Ca/St Ca/St Ca/St

(2phr)  (0.5phr) (2phr) (5phr)
Antioxidant (TMDQ) 1
Accelerator (TBBS) 1.6
Sulfur 1
to (min:sec) 3:19 2:36 3:06 2:37
too (min:sec) 17:20 17:11 18:37 17:17
T,in (N-m) 1.68 2.18 2.15 1.49
T (N-m) 4.24 5.02 4.55 3.99
AT (N-m) 2.56 2.84 2.40 2.50

Torgue (N-m)

——————— 1 (StA2phr)
14 — — — 2 (Ca/StD5phn
—————— C3 (Ca/St 2phr)

C4 (Ca/St5phr)
0 - . : . .

0 1] 10 15 20 25 30
Time (min)

Figure 8. Rheometer curves with different amount of calcium
stearate.

charged silicates surface and Ca”" ions is considered to be
the responsible reason for the result. In case of C2 com-
pound that applied 0.5 phr of calcium stearate showed the
highest maximum torque value of 5.02 N-m. For the result,
it is considered to be attributable to calcium stearate that
reacted with metallic oxides during curing to form rubber-
soluble salt or soap, and these products reacted with acceler-
ants to maximize the effect of the accelerants. If the calcium
stearate content to 3 phr of ZnO exceeds more than 0.5 phr,
the leftover of calcium stearate after forming soap acts as a
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Figure 9. Stress-strain curves with different amount of calcium
stearate.
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Figure 10. Tear strength and hardness with different amount of
calcium stearate.

lubricant to reduce the tangling of high molecular chains
and to reduce the internal friction, which consequently soft-
ens the mixing compounds. In addition, the C3 and C4 com-
pounds that were applied with more than 0.5 phr of calcium
stearate showed the reduction of torque value difference
(A7) by indicating the reduction of degree of crosslink com-
pared to C2 compound. The result could be attributable to
the inhibition of effective curing reaction by remaining
soap, which consequently reduced the degree of crosslink.*
In Figures 9 and 10, the stress-strain curves, tear strength,
and hardness were represented by calcium stearate contents.
In case of C3 compound that applied 2 phr of calcium stear-
ate showed higher tensile strength and 300% modulus than
C1 compound that was applied with 2 phr of stearic acid.
The result also corresponds to the maximum torque result
that was found in the curing characteristic curve. The charged
Ca’"ions could be attributable to form strong ion-effect with
silicates, which increased the filler-rubber interaction. In the
test proceeded by the contents of calcium stearate, the appli-
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Figure 11. Wear rate with different amount of calcium stearate.

cation more than 0.5 phr of calcium stearate showed declin-
ing of tensile strength and 300% modulus, tear strength and
hardness. These results well correspond to the maximum
torque value result that was observed in the curing charac-
teristic curve, and the remaining calcium stearate after forming
rubber-soluble salt or soap with metallic oxides during cur-
ing process is considered to act as lubricants to reduce the
tangling of high molecule chains and to reduce the internal
friction, which consequently lowered the mechanical prop-
erties through the reduction of the reinforcement effect
between high molecule chains and silicates. In case when
carbon black was filled, the mechanical properties have
been reported to be lowered when stearic acid was added
more than 2% to act as lubricant to reduce the rubber rein-
forcement effect caused by internal friction.*

Figure 11 represented the measurement result of the
amount of abrasion for the test compounds by the content of
calcium stearate. In case of C3 compound that applied 2 phr
of calcium stearate, it revealed 30% reduction of wear rate
(W) compared to that of C1 compound that applied 2 phr of
stearic acid. In case of the rubber compound that contain
fillers, the improvement of wear resistance is mainly explained
by the interaction between filler and rubber molecules. So,
the improvement could be attributable to the Ca’* ions of
calcium stearate that formed an ionic interaction with the
negatively charged silicate surface, which improved the
filler-rubber molecule interaction. The most excellent wear
resistance was observed in C2 compound that applied 0.5
phr of calcium stearate, but the C3 and C4 compounds that
were applied with 2 and 5 phr, respectively, showed increase
of wear rate compared to C2 compound. The result is attrib-
utable to the remaining calcium stearate which acted as the
lubrication after forming the rubber soluble salt by reacting
with ZnO to reduce the rubber-rubber interaction, and it
consequently resulted to degrade the mechanical properties
and caused the occurrence of tearing phenomenon under
low load due to low tear strength, which resulted to increase

Macromol. Res., Vol. 17, No. 10, 2009

the wear rate. Based on the previously described dynamic
viscoelasticity and wear resistance measurement results, it
was possible to know that the SBR/organoclay compounds
that used carbon black, silica, and organoclay as its ternary
filler system could improve the wet traction, rolling resis-
tance and wear resistance if typically used stearic acid is
replaced by calcium stearate.

Conclusions

The present study manufactured the SBR/organoclay
compound by applying the latex method by using tertiary
ammonium of dimethyldodecyl ammonium and MMT, and
the dispersion characteristics of silicates has been evaluated
by using XRD and TEM image. The result of analyzing XRD
diffraction patterns of SBR/organoclay nanocomposites, the
ion exchange reaction with sodium ion (Na") by ammonium
salt resulted to show approximately 3 fold increase of d-
space between silicates compared to that of Na-MMT, and it
was possible to confirm that DDA formed a good insertion
between silicate layers. In addition, the result of observing
the dispersion state of silicates within rubber matrix by
using TEM image enabled us to observe the aggregation
phenomenon of silicate in case of Na-MMT compound, but
the organization of Na-MMT by using DDA resulted the
exfoliation of silicate layers into 4~8 layers to have a good
dispersion of silicates within rubber matrix. To determine
the appropriate content of DDA by the content of clay, the
curing characteristics by DDA content, and mechanical
properties and wear resistance have been evaluated. As the
result of it, the increase of the amount of DDA up to 50%
compared to the 5 phr clay showed the improvement of
torque value difference (A7), maximum torque values,
mechanical properties and wear resistance. It might be due
to the increased degree of crosslink which is due to the
accelerated the ring opening rate of sulfur (Sg) by increasing
the content of DDA that act as an accelerator. In addition,
the positive ions (Na") of Na-MMT in between silicate lay-
ers have been substituted with protonated DDA, which
improved the dispersion of silicates, and the occurrence of
hydrodynamic reinforcement effect of the clay due to its
characteristic plate-like structure might has been the cause
of such result. When the dynamic viscoelasticity was evalu-
ated for rubber compound that was filled with DDA-MMT
by applying stearic acid and metal stearates, the tan J value
measured at 0 °C by applying metal stearate was high by
showing the improvement of wet traction and having low
tan o at 50~60 °C to allow to have fuel cost saving effect by
improving the rolling resistance. The test result carried out
by the content of calcium stearate revealed that the applica-
tion of 0.5 phr to the content of SBR showed the most
excellent mechanical properties and wear resistance charac-
teristics. But the application more than 0.5 phr degraded the
mechanical properties and wear resistance, and it is attribut-
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able to the calcium stearate that acted as lubricants by
reducing the tangling of high molecule chains and reducing
the internal friction, which reduced the reinforcement effect
between high molecule chains and silicates, and conse-
quently reduced the mechanical properties and wear resis-
tance characteristics.

Conclusively, in case of SBR/organoclay compound that
used 35 phr of carbon black, 20 phr of silica, and 5 phr of
organoclay as its ternary filler system at the current study,
the 50% of DDA content to 5 phr clay was used for the
manufacture of organoclay, and 0.5 phr of calcium stearate
was applied to manufacture the compound that showed the
most excellent dynamic viscoelasticity, wear resistance and
mechanical properties, which is considered to be the excel-
lent tire tread compound for passenger cars.
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