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ABSTRACT: Polypropylene (PP) composites with filler
of catalytic coke (CC) or fresh catalyst (FC) of Ni/
Si0,.MgO were prepared by melt mixing technique in a
twin screw extruder. The catalytic coke, that has the fibril
of carbon, is the waste from petrochemical industry and
can be obtain cheaply in high volume. The composites
were examined by assessing their mechanical properties,
thermal properties, and the morphology of fracture sur-
face of the PP matrix. The improvement of some mechani-
cal properties of the CC filler such as Young’s modulus
and slightly improvement of tensile strength were
observed whereas the elongation at break and toughness
decreased with the increase in CC or FC. Both degrada-
tion temperature of CC or FC composites decreased with

increased filler content but lesser in the case of CC. The
structures of fracture surfaces were supported by the
results from mechanical properties measurement. The CC
composite in PP matrix (CCPP) exhibits the fibrils and the
plastic deformation of the matrix, while the FC composite
in PP matrix (FCPP) presents similar fracture roughness
as the nascent PP. The catalytic coke can be utilized as
the filler to improve the Young’s modulus while the fresh
catalyst cannot be utilized as filler because of the adverse
effects. © 2008 Wiley Periodicals, Inc. ] Appl Polym Sci 110:
2071-2077, 2008
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INTRODUCTION

In recent years, polymer based composites reinforced
with a small percentages of fillers can significantly
improve the mechanical, thermal, and barrier proper-
ties of the pure polymer. These composites are now
being considered for a wide range of applications
including packaging, coating, electronics, automotive,
and aerospace industries.'” Tang et al. investigated
melt processing and mechanical property of multi-
walled carbon nanotube/high density polyethylene
(MWNT/HDPE) composite films.> The results
showed that the stiffness, the yield strength, and the
fracture toughness of MWNT/HDPE composite films
all increased with increasing MWNT contents. Mah-
fuz et al. studied the linear low-density-polyethylene
(LLDPE) composites by reinforcing carbon nanopar-
ticles/whiskers through an extrusion process.2 It was
found that with the addition of 2 wt % of carbon
nanoparticles/whiskers in LLDPE, the tensile
strength and modulus of the composite have
increased by 16.9 and 16.37%, respectively. The cross-
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linking in the matrix due to infusion, and the align-
ment of whiskers during the extrusion process
enhanced the modulus. Manchado et al. studied
thermal and mechanical properties of single-walled
carbon nanotubes (SWNT)-Polypropylene (PP) com-
posites prepared by shear mixing and then compared
the results with nanocomposites containing carbon
black (CB) as filler.* They found that at low concentra-
tions of SWNT generally resulted in an increase in
Young’s modulus and tensile strength, this effect
being noticeably higher than that observed for CB/PP
composites. At the highest content, both stiffness and
strength were significantly reduced. The results of the
tensile tests suggest that nanotube incorporation of
less than 1 wt % increases tensile strength because of
strong interfacial bonding with respect to the unrein-
forced polymer. Yasmin et al. investigated the differ-
ent processing techniques and their effects on the
mechanical behavior of expanded graphite reinforced
polymer nanocomposites consisting of anhydride
cured epoxy resin matrix and expanded graphite (EG)
with the concentrations of 1-2 wt %. It was found that
EG reinforced nanocomposites showed higher elastic
modulus than the neat epoxy.”

The rationale for selecting PP was because of its
widespread industrial applications in housewares,
packaging, pipes, and automotive parts e.g., battery
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Figure 1 SEM micrographs of (a) FC (b) CC.

cases and bumpers. Moreover, it was resistant to
moisture, corrosion, wear, chemical reaction, and
extremely low cost.*®” Most of fillers for making
composite are carbon nanotube, carbon fiber, carbon
filament, etc. which have high strength but expen-
sive and complicated production process. Catalytic
coke (CC) has the filaments of coke deposit that
might be useful to utilize as a filler to improve the
mechanical properties of PP. The deactivated cata-
lyst that has a large amount of catalytic coke was
the unwanted material in petrochemical industry
and can obtain cheaply with high volume. Regard-
ing the catalytic coke, as unwanted product after the
reaction, that can be used to increase the value of
the PP composite.

In this research, the main purpose is to prepare
catalytic coke/PP composites (CCPP) from the reac-
tion of methane and compare with the fresh cata-
lyst/PP composites (FCPP). The dispersion of filler
was done by melt processing in a twin screw ex-
truder. The effect of CC on the mechanical proper-
ties of composites was investigated. The results
were then compared with those obtained for compo-
sites containing FC (Ni/SiO,.MgO catalyst) and nas-
cent PP.

EXPERIMENTAL
Materials

Catalytic coke was synthesized by methane decom-
position using Ni/SiO,.MgO catalyst. In this process
Ni/Si0,.MgO was packed in the middle of tubular
quartz reactor located in the electrical furnace. The
reactor was evacuated and filled with inert atmos-
phere of Argon (Ar). Methane (CH,) and hydrogen
(Hy) were introduced into the reactor. The reactor
was heated up to 800°C at a rate of 5°C/min. At this
temperature the argon gas was switched off and the
catalyst was reduced under hydrogen flow (30 cc/
min) for 1 h. After the catalyst reduction, the system
was purged with argon for 10 min to remove hydro-
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gen gas from the system. Then the argon gas was
switched to the methane gas at flow rate of 12.5
mL/min. Start to count the time for reaction by
changing various reaction times as 60, 80, and 100
min. Then the methane gas was switched to the ar-
gon gas. The reactor temperature was held at 800°C
for 10 min before the reactor was cooled down. The
coke was formed at the surfaces of the catalyst and
might creat the carbon fiber attached to the catalyst.
The Ni/SiO,.MgO catalyst will totally be covered
with the coke and the carbon fiber and after the
reaction the deteriorative catalyst with coke will be
taken out and hence called catalytic coke (CC). The
Ni/Si0,.MgO catalyst before methane decomposi-
tion reaction is called fresh catalyst (FC).

The morphologies of CC and FC were investigated
by scanning electron microscopy (SEM) and trans-
mission electron microscopy (TEM). The vividly dif-
ferent SEM micrographs between CC and FC can be
shown in Figure 1. The surface of CC was covered
with filamentous coke, in contrast to the clean rough
surface seen in FC. The vividly different TEM micro-
graphs of FC and CC can be shown in Figure 2. The
micrographs showed that the CC consisted of rod-
shaped carbon with diameter about 100 nm, while
the FC morphology was spherical in shape and
about 44 nm in diameter. A commercial grade of iso-
tactic PP (P602F) were obtained from CCC Chemical
Commerce Co., Ltd. The melt flow index and den-
sity of PP are 1.0 g/10 min and 0.910 g/m?®, respec-
tively. The melting point is 165°C.

Composites preparations

To obtain the good homogeneity of the composite,
two steps mixing of CC or FC with PP were per-
formed and the obtained composite called as CCPP
and FCPP, respectively. First, to uniformly disperse
the CC in PP matrix, the manual mixing of 10 wt %
CC with nascent PP on digital hot plate at 200°C for
10 min was performed. The resulted blend of CCPP
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Figure 2

was compressed to form a thin film form and cut to
pieces to make the master batch of CCPP.

Last, to prepare the PP composites of the desired
CC content, the nascent PP and master batch from
the first step was weighted and mixed before com-
pounding using a Haake twin screw extruder model
Rheocord 300p screw diameter is 15 mm with L/D
of 25 : 1. The operating temperatures of the twin
screw extruder were set at 150, 160, 175, 185, 195,
and 210°C, respectively, and the screw speed was
set at 60 rpm. The CC/PP composites (CCPP) of 1.0,
2.0, and 3.0 wt % CC and the FC/PP composite
(FCPP) of 1.0, 2.0, and 3.0 wt % FC were made
accordingly by mixing with CC or FC, respectively.
All PP composites pellets were dried at 100°C for 1
h and further melt and compressed at 200°C under
the pressure of 1500 psi for 7 min and left to cool
down to room temperature to form the sheet of com-
posite which can be cut to obtain standard specimen
for mechanical properties tests.

Composites characterization

The tensile tests were performed at room tempera-
ture according to ASTM standard D882 by Universal
Testing Machine, Instron model 5567. The tensile
tests were performed at crosshead speed of 50 mm/
min. The average tensile strength of five samples
was undertaken.

The morphologies of the CC, FC, and the tensile-
fractured surfaces of the composites (CCPP and
FCPP) were examined by using a JSM-5800LV, JEOL
scanning electron microscope, and a JEOL JEM-2100
transmission electron microscope, operated at 80-200
keV.

Thermal properties were measured by thermogra-
vimetric analysis (TGA) and differential scanning
calorimetry (DSC). The TGA samples were cut and

TEM micrographs of (a) FC (b) CC.

mechanically grind into small pieces of 5-15 mg.
TGA of TA Instruments, Inc. was carried out under
flow of oxygen at the heating rate of 10-750°C/min.

The DSC of Perkin—-Elmer were performed to mea-
sure the glass transition temperature (T,) and
Crystalline melting temperatures (T,,) by heating the
3-9 mg samples from —40 to 200°C at a heating rate
of 40°C/min in flow of N,. The samples were further
cooled down from 200 to —40°C at a cooling rate of
40°C/min. Subsequently, the second heating was per-
formed by raising the temperature to 200°C at a rate
of 40°C/min and the T, and T,, were detected.

RESULTS AND DISCUSSION
Thermal properties

The effects of CC and FC on the degradation tem-
perature of all composites are shown in Figure 3.
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Figure 3 Degradation temperatures of the FCPP and
CCPP at various filler contents.
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TABLE I
The Variation of T, and T, of Pure PP and Composites
at Various Filler Contents and Filler Types
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TABLE III
Young’s Modulus of the FCPP and CCPP at Various
Filler Contents and Filler Types

Material T, (°C) T, (°C) Material Young’s modulus (MPa)
Pure PP —8.8 160.0 Pure PP 1160.10
1.0 wt % of CCPP -8.1 161.4 1.0 wt % of CCPP 1215.22
2.0 wt % of CCPP -8.1 161.3 2.0 wt % of CCPP 1362.48
3.0 wt % of CCPP —-8.0 1614 3.0 wt % of CCPP 1385.63
1.0 wt % of FCPP -10.8 155.3 1.0 wt % of FCPP 1286.98
2.0 wt % of FCPP -10.2 156.6 2.0 wt % of FCPP 1288.39
3.0 wt % of FCPP —-8.9 157.9 3.0 wt % of FCPP 1260.80

The composites degradation temperatures at 5%
weight loss were measured by TGA. It can be seen
that the degradation temperature decreased with
increasing filler contents. The thermal stability of
pure PP was better than all composites. In compari-
son of FCPP with CCPP, the CCPP had the higher
thermal stability than FCPP. This might be because
of the difference between compositions of the filler
that affected the stability. Usually CC will have
more carbon deposit while FC will not have. More-
over, the size of the filler might affect the stability.
The CC has larger sizes because of the carbon de-
posit and so this filler is harder distributed through
the matrix than FC. In other aspect, the agglomera-
tion of the FC also response for the poor migration
in the matrix, so the degradation temperature will
be lower.

Table I shows glass transition temperature and
melting temperature of pure PP and its composites
at various filler contents. The obtained results
showed that the melting temperature (T,,) and glass
transition temperature (Ty) were not abruptly
changed when CC was incorporated in the polymer
matrix. However, T,, tend to decrease when FC was
incorporated in the polymer matrix, while T, were
slightly increased. The decrease in T,, of the matrix
might result from the agglomeration of the FC which
reduced the interfacial bonding between fillers and
matrix at the interfaces.® Regarding the effect of the
filler content on the T,, and Tg, no significant differ-
ences were observed.

TABLE II
Tensile Strength of the FCPP and CCPP at Various Filler
Contents and Filler Types

Mechanical properties

The effect of CC and FC on tensile strength, Young's
modulus, elongation at break of all composites at
various filler contents are shown in Tables II-IV.
From Table II, it can be seen that the tensile strength
was not significantly changed with increasing filler
content, because the polar nature of filler and non-
polar nature of polymer causes the poor interaction
and dispersion between filler and pol;/mer which
may hardly effect the tensile strength.”™"

From Table 11, it can be seen that Young’s modu-
lus of CCPP increased with increasing filler content.
This may be due to the increased interfacial area in
the composite with filler, with promotes the stress
transfer efficiency with in small strain range.'* More-
over, it may be caused the brittle characteristics of
fillers. The CCPP had the higher Young’s modulus
than FCPP. An increase in Young’s modulus of the
composites with increasing filler content has also
been observed in other filler-PP composites.** 4716

From Table 1V, the elongation at break of PP com-
posites decreased with increasing filler content. This
result indicated that the increasing filler content
caused less ductility or more brittle because the
addition of filler leaded to the higher stiffness. A
decrease in elongation at break of the composites
with increasing filler content was also observed in
other studies of filler-PP composites.”'*!”

In consideration of the effect of filler types in
Tables II-1V, it can be seen that the CCPP exhibited
higher Young’s modulus than FCPP. This result
indicated that CCPP exhibited higher stiffness than

TABLE IV
Elongation at Break of the FCPP and CCPP at Various
Filler Contents and Filler Types

Material Tensile strength (MPa) Material Elongation at break (%)
Pure PP 28.81 Pure PP 497
1.0 wt % of CCPP 29.05 1.0 wt % of CCPP 4.39
2.0 wt % of CCPP 30.08 2.0 wt % of CCPP 3.95
3.0 wt % of CCPP 29.24 3.0 wt % of CCPP 3.65
1.0 wt % of FCPP 28.98 1.0 wt % of FCPP 433
2.0 wt % of FCPP 29.02 2.0 wt % of FCPP 4.07
3.0 wt % of FCPP 27.26 3.0 wt % of FCPP 3.33

Journal of Applied Polymer Science DOI 10.1002/app
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Figure 4 SEM micrographs of the tensile-fractured surface of (a) Neat PP (b) 1.0 wt % CCPP (c) 2.0 wt % CCPP, and (d)
3.0 wt % CCPP.

FCPP. This may be due to difference in a polarity = may induce agglomeration and poor adhesion
miss match of fillers and polymer matrix. Therefore, = between FC and polymer matrix and subsequently
FC has higher surface area than that of CC. This decrease the stiffness. Moreover, it can be seen that

(a) 8

Figure 5 SEM micrographs of the tensile fracture surface of (a) Neat PP (b) 1.0 wt % FCPP (c) 2.0 wt % FCPP, and (d)
3.0 wt % FCPP.

Journal of Applied Polymer Science DOI 10.1002/app
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Figure 6 Compared to SEM micrographs of the tensile fracture surface between CCPP and FCPP at (a) 1.0 wt % (b) 2.0

wt % and (c) 3.0 wt %.

tensile strength and elongation at break of CCPP
and FCPP were not largely different.

Morphological properties

From Figure 4, the SEM micrographs of the tensile-
fractured surfaces of CCPP at various filler contents
and pure PP exhibit the fibrils and the plastic defor-
mation of the matrix polymer. There is a greater
amount of plastic deformation of the matrix polymer
in the CCPP than in the pure PP. This appearance
reveals the good adhesion between PP matrix and CC.
Moreover, it could be expected that the composite had
higher stiffness than pure matrix. Moreover, the ten-
sile tests of CCPP represented the higher stiffness
than PP because of the properties of the CC filler.

Journal of Applied Polymer Science DOI 10.1002/app

The SEM micrographs of the tensile-fractured surfa-
ces of FCPP at various filler content and pure PP are
represented in Figure 5. The SEM micrographs show
that the dispersion of the FC on the polymer surface
was nonuniform. This nonuniform dispersion led to
local agglomeration of FC within the polymer. FCPP
and pure PP present similar fracture features is sur-
face roughness. It can be seen that, there was good ad-
hesion inside FCPP. These observations support the
results of the tensile tests where the FCPP displayed
higher stiffness than the pure PP.

From Figure 6, the SEM micrographs of the tensile
fracture surfaces of CCPP compared with FCPP at
various filler content. It can be seen that CCPP had
higher plastic deformation of polymer than FCPP.
These observations support the results of the tensile
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tests where the CCPP displayed higher stiffness than
the FCPP.

CONCLUSIONS

The degradation temperature of CCPP and FCPP
decreased with increasing filler contents. In addition,
the degradation temperature of CCPP was higher
than of FCPP. T,, and T, were not largely different
when filled with CC. On the contrary, the T,, of PP
composites decreased when filled with FC, while the
T, increased. The pure PP, CCPP and FCPP with
increasing filler contents showed no significant
change in tensile strength. Young’s modulus of
CCPP and FCPP increased with increasing filler con-
tents. The elongation at break of CCPP and FCPP
decreased with increasing filler contents. The CC can
be utilized as a filler to increase the Young’'s modu-
lus of PP while maintaining Ty, T,, and tensile
strength of the matrix while FC can not utilize as a
filler because of the adverse effects.
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