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ABSTRACT : The waste tire powder is modified with allylamine in the presence of ultraviolet radiation
and the influence of surface modification on the thermal and rheological properties of polypropylene/
waste tire powder composites was investigated. X-ray diffraction studies of PP/waste tire powder
composite without compatibilizer, such as maleic anhydride-g-polypropylene (MA-PP), shows the
increase in peak intensity of 3 crystalline peaks, whereas it completely disappears in the presence
of the MA-PP. Differential scanning calorimetry results further supported the above fact. The melt
viscosities and storage modulus of the composites with modified waste tire powder show higher value
than that of composites with unmodified powder and it is attributed to the interaction between amine

group on modified powder surface and maleic anhydride of MA-PP.
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1. Introduction

Thermoplastic elastomers unite the application
properties for rubbers with the beneficial processing
possibility of thermoplastics. The economic recy-
cling of waste tire is a great challenge nowadays,
because the land filling or incineration of the waste
tires produces environmental problem. The finely
ground waste tire powders (GRT) are being used
in road construction (ground rubber tire modified
bitumina), outdoor pavements, sport track and etc.
Many researchers attempted to use the GRT with
various thermoplastics and to produce economic
polymeric materials that can be used for various
applications.' In general, the resulting filled systems,
however, exhibit poor mechanical properties due to
the poor interfacial adhesion between GRT and the
thermoplastics, which restricts its applications. To
overcome this problem, the researchers have paid
much attention to the thermoplastic elastomers, the
so-called thermoplastic dynamic vulcanizates in
which rubber phase is finely dispersed in the ther-
moplastic matrix.”> For GRT containing thermo-
plastic elastomers, additional small amount of pure
elastomer is added to offset the decrease in the
mechanical properties due to the loading of waste
tire powder in the thermoplastics. In other way, the
waste tire powder is subjected to devulcanization
prior to use and the property improvement is de-
pendent on the degree of devulcanization.

Recently, a surface-modification techniques have
been adopted for recycling of waste tire powder by
many researchers.’ The influence of various irra-
diation techniques on the effective reuse of the waste
rubber have been extensively studied by many
researchers.’ Ultraviolet (UV) energy has been
extensively applied to modify the surface properties
using monomers and photosensitizer such as
benzophenone (BP). Lee and Ryu’ and Yu and Ryu®
used acrylamide and glycidyl methacrylate as a
monomer to modify the surface characteristics of
vulcanized styrene butadiene rubber (SBR) using
UV. They found that photografting reaction with
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functional monomer is an efficient way to modify
the surface characteristics of vulcanized SBR, which
is one of the major components of tire.

In this study, the surface functionalized rubber
powder has been used to prepare the polypropylene/
tire powder composite. The primary objective of this
work is to understand the influence of surface
functionalized tire powder and the concentration of
the compatiblizer on the thermal and rheological
processing characteristics of the PP/tire powder
composite.

II. Experimental

1. Materials

Waste tire powder was obtained from Dong A
Tire Co. Ltd. and allylamine and benzophenone used
for the surface modification of tire powder was
obtained from Kanto Chemical Co. Inc., Japan, and
Aldrich Chemical Co.. Acetone was obtained from
Duksan Chemical Co.. Polypropylene was obtained
from Samsung General Chemicals and maleic
anhydride grafted polypropylene (MA-PP, Polybond
3009TM) was obtained from Uniroyal Chemical.

2. UV photografting of waste tire powder

Allylamine solution of concentration (1.25 mol)
was prepared by dissolving the allylamine in 1000
mL of acetone and 0.125 mol of benzophenone was
added to the allylamine solution. Rubber powders
were soaked in the allylamine solution for 3 hours
followed by 3 hours drying at ambient temperature.
The allylamine modified rubber powders were then
subjected to the UV irradiation using 400 W me-
dium-pressure mercury lamp. UV irradiation time
was 30 min. The detailed characterization of grafted
rubber powder can be seen elsewhere.”

3. Preparation of polypropylene/waste tire
powder composites

PP with/without MA-PP was melted for 2 min
at 200 C followed by the addition of 40 wt% of
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waste tire powder using Brabender plasticorder at
the speed of 50 rpm and the mixing was continued
for 5 minutes. It was then dumped out and molded
at 200 C for 2 minutes using Carver press to get
0.15 mm thick sheet. PP/waste tire powder is
designated as PM,Ay., where P represents tire
powder, M represents MA-PP and suffix a re-
presents the weight percent based on tire powder,
A represents the allylamine solution and suffixes b
and c represent allylamine concentration and UV
radiation time, respectively.

4. Characterizations

X-ray diffraction studies of waste rubber powder/
polypropylene have been done in the 26 range of
10 to 50° using Mac Science X-ray diffractometer
equipped with a monochromator operating at 40 KV
and a copper cathode as the X-ray source (A= 1.54
A). Mean crystallite size L in the direction per-
pendicular to the (hkl) plane was determined using
following Scherrer equationm:

Lk = (KA / Bcosd) )

where K is the crystallite shape constant (=0.89),
A is the wavelength of CuK, radiation (1.541 A),
B is full width middle height (FWHM) of the peak
for the (hkl) reflection. Eq. (1) was used to express
the PP crystallite size, Lo, perpendicular to the
(040) plane.

From WAXD pattern, a-phase orientation indexes
of PP were determined by the following equations'":

Ao ="y / (har + haa) 2
Aoso = hgz / (hay + hez + hys) (3)

where h is the peak height after background
subtraction, @i, @ and ¢;3 correspond to the (110),
(040), (130) reflection respectively and a4 corre-
sponds to (111) and (131) reflections. The Ao
index is based on the extinction of the (hkO) reflec-

tions relatively to the (0kO) reflections and gives an
indication of a preferential orientation perpendicular
to the b-axis of the crystallites.12 Instead of Ajpg
from Eq. (3) a more general index, Ao, given by
Eq. (4) is reported in this work since the validity
of the A}y index based on a constant ratio hys/ha;
is not observed in our samples..13

Aviko = (ha1 + hao + hes) / (har + hz + hyz + hys) 4)

The relative content of the 3-form, Kg, can be
calculated according to Turner-Jones equation,]4

Ko=1s/ (In + I + 1 + L)) )

where Iy is the diffraction intensity of the 5 (300)
plane at diffraction angle 16° and Ly, Lo and Iy
are the diffraction intensities of the o (110), a (040)
and a (130) planes at diffraction angles 14.5°, 17.4°
and 19.1°, respectively.

The melting behaviors of PP/waste tire blends
were characterized using Perkin-Elmer DSC-7 diffe-
rential scanning calorimeter. About 8 mg of sample
was heated to 250° C at a heating rate of 10 'C/min,
and cooled down to 30 C. The samples were then
subjected to second heating cycle with the heating
rate of 10 C from 30 to 250 C. The enthalpy of
fusion (AHfO) can be used as a second quantitative
assessment of crystallinity assuming the enthalpy of
fusion AH of both 100 % crystalline ¢. and 8- phase
is approximately the same."* The crystallinity index,
Xc (mass fraction) can be written as

4H ;
4H S

X = x 100 6)

where AH; is the calibrated specific fusion heat of
either the a or the 8 form using the method proposed
by Li et al.'* AHY is the standard fusion heat of
o and 8 crystals of polypropylene, being 178 J/g
and 170 J/g, respective]y.15 The specific fusion heats
for o and B phase were determined base on the
following calibration method. The total heat of
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fusion, AH, was integrated from 90 to 180 T on
the DSC thermogram. A vertical line was drawn
through the minimum between ¢ and 3 fusion peaks
and the total fusion heat was divided into S
component, AHg* and o component, AH, . Since the
less-perfect o crystals melt before the maximum
point during heating and contributed to the AH;,
the true value of B-fusion heat, AHg, has been
approximated by a production of multiplying AHg
with a calibration factor A:

AH = A x AH, Q)
A=[1-(hy/h)]* (®)
AH, =AH - AH, 9)

In Eq. (8), h: and h; are the heights from the baseline
to the 3-fusion peak and minimum point, respec-
tively.

A Rheometric RMS 800 rheometer was used to
determine the dynamic rheological properties. The
viscoelastic properties of melt were measured in 25
mm parallel disk configuration with a fixed gap of
2 mm at 180° C in the frequency range of 1 to 50
Hz.

M. Results and Discussion

Figure 1 shows the wide angle X-ray diffraction
peaks of pure polypropylene and its composites with
waste tire powder with/without 25 parts of MA-PP.
XRD of polypropylene is characterized by the
presence of diffraction peaks at 14.6° (110), 17.4°
(040), 19.1° (130), 21.7° (111) and 22.4° (131),
which are attributed to the monoclinic a-crystal form
of the crystalline phase. The small peak at 16.6°
is due to the (300) reflection of 8 crystalline phase
existing in the polypropylene. Furthermore a small
hump at 20.5° is attributed to the p-crystal of
crystalline plane.'® Loading of waste tire powder
slightly shifts the various crystalline peaks to the
lower angle. The peak intensity of the 3 crystalline
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Figure 1. X-ray diffraction results of polypropylene based
thermoplastic vulcanizates.

Table 1. Orientation indexes, mean crystallite sizes and
relative content of 8 crystals calculated using XRD

Mean crystallite

Samples Ahko Ao4o SiZC L040 (nm) Kﬁ
PP 0.75 0.50 20.77 0.06
PMoAao 0.78 0.44 23.21 0.11
PMoAi 2530 0.78 0.45 23.80 0.11

PM2sAqi0 0.66 0.41 20.88 -
PMasAi 2530 0.67 0.37 19.20 -

peak increases with loading of unmodified (Ago) and
allylamine grafted waste tire powder (Ai2s530) in the
absence of compatibilizer (MA-PP). This is sup-
ported by the increase of K; calculated using
equation (5) from 0.06 (PP) to 0.11 (PMyAgn and
PMuA | 2510). (see Table 1) However, it is interesting
to observe the absence of 8 crystalline peak for
PMzs5A00 and PMasA1 2530. Similarly, the absence of
peak at 20.5° implies that there is no p-crystals in
the case of PMzsAgp and PMasAjas30, whereas a
small hump is observable in pure PP, PMyA¢o and
PMpA 2550 Earlier reports on PP crystallinity reveal
that the formation of 3 crystal is associated with
non-isothermal crystallization of polypropylene melt
under compression. The polymer melts under com-
pression experience the shear induced crystalliza-
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tion. Vargal17 and Wu'® explained the formation of
B crystals under shearing conditions as follows:
shearing the melts generates row nuclei of o modi-
fication (o row nuclei). At the surface of these a-row
nuclei, the a-to-f transition, termed as 08 secondary
nucleation, occurs, which results in point-like (3
nuclei covering the surface of the a-row nuclei. In
the present study, the generation of 8 crystals is
being influenced by the preoriented molecules in the
flow direction in the molten stage so as to form
fibrillar bundles, which could crystallize easily under
a certain degree of cooling'’ and also due to the
waste tire powder dispersion in the matrix. To
understand the crystallite orientation in the PP/waste
rubber blends, Apo and Ao have been calculated
using the equations (3) and (4). In all the cases, the
orientation index Apko lics in the range of 0.66 to
0.78, in agreement with values obtained by others
for PP.” Similarly, the orientation index due to
(040) plane (Aoo) doesn't vary significantly as
observed by Perrin-Sarazin et al. in polymer blends.”
In case of PMpAgp and PMyA | 25/30, the presence of
waste tire powder leads to faster cooling due to the
transfer of heat energy through the thermally con-
ductive carbon black filled waste tire powders that
leads to the generation of imperfect ¢ crystals, which
is often interpreted as 3 crystals in the PP matrix.
However, loading of small weight percentage of
compatibilizer leads to form a thin film around the
rubber powders that restricts its thermal energy
dissipation through the waste tire powder. This is
responsible for the formation of slow cooling rate
and thereby results in well defined a crystals without
imperfections (absence of 3 crystals).

This is further supported by the differential
scanning calorimetric results. Figure 2 shows a few
DSC data of melt crystallized PP/waste tire powder
composites. The endothermic thermal transitions
centered at around 145 and 165 C provide evi-
dences of melting of PP crystals with different
perfections. These crystals are developed due to the
non-isothermal cooling of PP sheets. According to
the literature, the two melting peaks centered around

PM_A

25 1.25/30

PM_A

25 0/0

PP

Heat flow (W/g) (arbitrary unit)

T T T
-40 0 4‘0 80 120 160
Temperature (°C)

Figure 2. Differential scanning calorimetry results of
thermoplastic vulcanizates.

Table 2. Differential scanning calorimetric results of
PP/waste rubber powder

Crystalli Melting | Heat of | Relative

Samples s ak ne temperature| fusion | content of

peaxs (0 (J/g) |each phases
PP a 164.2 -454 0.61
B 146.8 -29.5 0.39
PMoAcn o 163.9 -22.1 0.46
B 148.9 -25.4 0.54
PMoA 2530 a 164.6 -23.1 0.42
B 149.5 -32.2 0.58
PMasAon a 163.1 -34.3 1.0
PMasAj 2530 a 163.1 -39.5 1.0

159 and 163.5 T corresponds to the o crystalline
form of PP and two small peaks centered around
143.3° and 150.8° C corresponds to the 3 crystalline
form of PP.%” However, in our case, the respective
a and {8 crystalline peaks merged together to give
two individual peaks centered at 145 and at 165 C.
Loading of waste tire powder and allylamine grafted
waste tire powder in the absence of compatibilizer
shifts the melting endothermic peak values of
crystals to higher temperature of the PP (Table 2).
However, it is interesting to observe the melting
peak endotherms due to the f crystalline forms
completely vanishes in the case of waste tire powder
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and allylamine grafted waste tire powder loaded PP
in the presence of compatibilizer. The relative con-
tent of § crystalline peaks increases from 0.39 (PP)
to 0.54 (PMoAgo) on loading waste tire powder.
Similarly it increases to about 0.58 on loading
allylamine grafted waste tire powder supporting the
X-ray diffraction results.

The viscoelastic properties of pure PP and its
blends with waste tire powder are included in Figure
3. Figure 3 shows the variation of storage modulus
(G") for pure PP and PP/waste tire powder compo-
sites with various MA-PP concentrations. It is clear
that the storage modulus (G') increases with in-
creasing frequency, which is undoubtedly due to the
decrease in time available for molecular relaxation.
Loading of waste tire powder (Ago) decreases the
storage modulus over the range of the frequency
compared to pure PP and it further decreases with
increasing compatibilizer concentration from 10
(PMioAon) to 25 % (PMasAgy). However, the storage
modulus doesn't vary significantly with increasing
compatibilizer concentration in the case of PP/
allylamine modified tire powder powder over the
range of frequency. Also, it is interesting to note
storage modulus is high for the PP/functionalized
rubber powder blends (PMioA12sm0, PMasAjasso)
compared to its unmodified counterpart (PMasAgo)
at low frequency. This is due to the interaction
between MA-PP and functionalized rubber powder.
This pronounced elastic properties and very long
relaxation process of the immiscible polymer blends
were also reported in the PS-PMMA blend.”"* The
slopes of log G' vs. log w in the terminal zone (low
frequency region) is found to be in the range of 0.74
to 0.81 for PP/waste tire powder blends confirming
phase separation due to immiscibility between PP
and waste tire powder.”

Figure 4 shows the plot of complex viscosity vs.
frequency for all the systems. The complex viscosity
decreases with increase in frequency indicating the
pseudoplastic or shear thinning behavior. However,
loading of unmodified tire powder decreases the
complex viscosity over the range of frequency and
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Figure 3. Variation of storage modulus with frequency for
PP/waste tire powder blends
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Figure 4. Variation of complex viscosity with frequency
for PP/waste tire powder blends.

it decreases with increasing compatibilizer concent-
ration (PMioAon and PMzsAgp) and it can be attri-
buted to the low viscosity of MA-PP itself. How-
ever, viscosity does not change much by increasing
compatibilizer concentration for surface function-
alized rubber powder (PM0A1 2530 and PMasAj 2530)
composites. The interaction between the surface of
functionalized tire powder and MA-PP disturbs the
flow of composite and it increases the viscosity of
composites. Within our experimental range the
degree of interaction increases with compatibilizer
concentration and it compensates the reduction of
viscosity due to MA-PP. This supports the above
discussion on the surface interaction between func-
tionalized tire powder and MA-PP.
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N . Conclusions

In the present investigation, the influence of
allylamine modified rubber powder on the thermal
and rheological properties of PP/waste tire powder
blends were studied and following conclusions were
drawn. Loading of waste tire powder in polypro-
pylene increases the amount of $ crystals in the
absence of compatibilizer. However, generation of
B crystals is totally absent in the presence of com-
patibilizer in PP/waste tire blends. This is supported
by the X-ray diffraction and differential scanning
calorimetric results. PP/allylamine functionalized
rubber powder blends exhibits higher storage mo-
dulus over the measured frequency range compared
to its unmodified counterpart. This is being exp-
lained due to the chemical interaction between the
allylamine and maleic anhydride of MA-PP. Complex
viscosity decreases with increase in frequency for
all the blends indicating the pseudoplastic or shear
thinning behavior.
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