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Abstract

Thermoplastic vulcanizates (TPVs) based on natural rubber, reclaimed rubber and propylene ethylene copolymer
NR/RR/PEC blends at blend proportion of 30/30/40 wt% were prepared. The effect of modifying methods on mechanical,
rheological and morphological properties of TPVs was studied. It was found that TPV with phenolic resin showed better
tensile strength, elongation at break and tendency to recover from prolonged extension than the TPV without modifier.
Moreover, rheological properties and phase morphology were also improved with the addition of phenolic. The melt
blending method gave the TPV with better overall properties than those of the reactive blended TPV. Further increase

phenolic content the better phase compatibility was achieved.
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1. Introduction

Increasing high consumption of rubber products
leads to large amount of rubber wastes disposed to
environment. More than million tons of rubber wastes,
mainly used tires, are still be the environmental problems
[1] as their molecules are crosslinked and they need very
long time for completely natural degradation.

Reclamation is one technique using either thermal
mechanical or chemicals to recycle the waste of
crosslinked rubbers [2]. After reclamation, reclaimed
rubber can be partially vulcanized again and it is partly
used as raw rubber in new rubber product for cost
reduction. However, reclaimed rubber in general has poor
mechanical properties in comparison to virgin rubbers.
Also, it has inferior physical and/or chemical
compatibility with other rubbers or polymers leading to
phase separation of developed rubber compound [3].
Therefore, phase compatibility is a significant issue for
use of reclaimed rubber in order to achieve vulcanizates
with acceptable properties [4]. Many research works have
been done on study the way to improve compatibility
between reclaimed rubber and other polymers. For

example, surface modifications of RR have been done to

improve the compatibility of RR with a polymer matrix
[5-7]. Maleic anhydride (MA), bitumen, and allylamine
were preferably applied as modifying agent to promote
blend compatibility by increasing of phase adhesion
[5-9]. irradiation

treatment were also used to activate reactive sites in the

Various techniques and plasma
blends containing reclaimed rubber [10-11]. The reactive
sites chemically reacted among phase and increased phase
compatibility.

Propylene ethylene copolymer (PEC) offers an
outstanding combination of clarity, heat-sealability,
elasticity, softness, processability, and compatibility in
blends in film, sheet, and molded products. It has been
used as thermoplastic phase for production of TPVs with
regard to good impact strength and processability [12-13].

In the present work, TPVs based on NR/RR/PEC
blends were prepared at a blend ratio of NR/RR/PEC =
30/30/40 wit% by dynamic wvulcanization. Effect of
modifying methods and phenolic resin contents on the

properties of the blends were investigated.
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2. Experimental
2.1 Materials

Ribbed smoke sheet no.3 typed natural rubber
(NR) was produced by Local Farmer Cooperation,
Pattani, Thailand. Reclaimed rubber (RR) was purchased
from Union Commercial Development Co., Ltd.
Samutprakan, Thailand. Propylene ethylene copolymer,
versify®3300, (PEC) was supplied by Dow Chemical
Company, USA. Hydroxymethylol phenolic resin (HRJ-
10518) manufactured by Schenectady International Inc,
USA was used as modifying agent. Stannous chloride
dehydrate (SnCl;.2H,0) used as a catalyst for phenolic
resin was manufactured by Carlo Erba Reagent (France).
The compound ingredients were zinc oxide (Global
Chemical, Thailand), stearic acid (Imperial Chemical,
Thailand), white oil (Maoming Fulida Chemical, China),

wingstay L (Eliokem, USA), N-tert-butyl-2-benzothiazyl

Mixing conditions were set at a fill factor of 0.80, mixing
temperature of 155°C and at a rotor speed 60 rpm. In the
present work, phenolic modifier was incorporated into the
prepared blends in two different mixing methods. They
were melt mixing and reactive blending as schematic
diagram illustrated in Fig. 1. The blend without addition
of modifier (called control) was also done for a
comparison purpose. After completion of mixing, the
mixture was removed from the chamber, immediately
sheeted out on two roll mills and kept at room
temperature for one day before further process. Test
specimens were later prepared by compression molding at
165°C  and
characterization. In addition, the procedure which give the
best properties of NR/RR/PEC TPV was later chosen and

use in the part of study the effect of modifier content.

preconditioned  before  test  and

* RR, containing 55.5% rubber content

** Blend ratio of NR/RR/PEC at 30/30/40 wt%

2.3.1 Mechanical Properties

sulfenamide or TBBS (Flexys, USA), and sulfur (Siam [ Without modifice o Control | | Reactive blendivg |
Chemical, Thailand). All ingredients were used as Eﬁa— FIIRAT T r— | RR wes masticaiod or | Hﬂ
5 masticated for 2 rin at 60°C ¥
received. B Phenolic resin and $aCl, was
a mixer ¥
g | RR-Phe was rcmoved from
2.2 Preparation of NR/RR/PEC blends [~ ] the mixer
Natural rubber (NR) NR was masticated for 1 mz
NR/RR/PEC blends were prepared at a fixed ] I was masticaled for '“TI
blend ratio of 30/30/40 wt% in an internal mixer using 2 PrySs—r PTY Yy ———yw
. A N g and mixed for | min and mixed for 1 min
compound formulation as given in Table 1. ) White oil 1 min 7
S Other rubber additives Wingstayl 30 5 Other rubber additives were
o were added and mixed O+st 3305 added and mixed
= for 3 min TBBS30s for 3 min
1 Sulfur30s
Table 1. Compound formulation of NR/RR/PEC TPVs. v .
| Pre-compound (1) was Pre-compound (I1) was
N N removed from the mixer removed from the mixer
Ingredients Quantity (phr)
The PEC was first mixed for The PEC was furst moxed for 2
NR 100 . 2 min at 155°C min at 155°C
" ¥ 3
RR 90 4 Precompound (1) from Pre-compound(T) from Pre-compound (1) from step 2
|| step 2 was added into step 2 was added and was added in the chamber
PEC 67 g the chamber mixed for 2 min
8 <
& - :
HRJ-10518 0,3,5,7, 10 £ Phenoic resln and SnC1,
a chamber
SnCl; 2H,0 1 a ¥
H H — The blend product was thea dumped after completion
Aromatlc Oll 1 0 the dynamic vulcamzation process for 1 min
Stearic acid 1
ZnO 5 Fig. 1 Schematic diagram for mixing procedure for the
Wingstay L 1 preparation of NR/RR/PEC TPVs.
TBBS 0.8
Sulphur 4 2.3 Testing procedures

Tensile properties were measured on dumbbell shape
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specimens using a Hounsfield Tensometer H 10 KS (the
Hounsfield Test Equipment Co., Ltd, U.K.) in accordance
with the procedure described in ASTM D412 at a constant
cross-head speed of 500 mm/min. Tension set was tested
at room temperature afier stretching the samples for 10
min at 100% strain. Three specimens were tested for each
sample and average value was reported.
2.3.2 Dynamic properties

Dynamic properties of the TPVs were established
using a rotorless oscillating shear rheometer (RheoTech
MDPT, Cuyahoya Falls, USA) at 165°C. The oscillation
frequency was set in the range of 1-10 Hz at a constant
strain of 3%. This was to ensure that the test was located
in the linear viscoelastic region.

2.3.3 Morphological properties

Scanning electron microscope (model VP 1450,
Leo, UK) was employed to examine morphology of
extracted surface of NR/RR/PEC TPVs. The samples
were cryogenically fractured in liquid nitrogen. The PEC
phase was preferentially extracted by immersing the
fractured surface into toluene for 30 minutes. The samples
were dried in an oven at 40°C for 24 h to eliminate the

solvent, and gold coated before characterization.

3. Results and Discussion
3.1 Effect of modifying methods on properties of
NR/RR/PEC TPVs

Fig. 2 curves of the
NR/RR/PEC TPVs. 1t is seen that all TPVs show similar

shows  stress-strain
values of the initial slope at the beginning of the curves.
All stress-strain curves of the TPVs behaved the character
of soft and tough elastic material. Slight increase of
modulus and tensile stress can be seen in the TPVs with
addition of modifier. The NR/RR/PEC TPV with melt
mixing method show highest tensile strength with more or
less the same value of elongation at break when compared
with the reactive blended TPV and the TPV without
modifier.  Furthermore, improvement of phase
compatibility in the presence of modifier can be clearly
seen from decreased tension set of the TPVs with
modifier as shown in Fig. 3. This can be explained by a

function of phenolic resin. That is, during melt blending,

graft copolymer of rubbers with phenolic resin occurred
due to reactive methyol groups in the phenolic molecules
can easily react with double bonds in the rubber chains
[14] as reaction scheme shown in Schemes 1. This graft
copolymer later reacted with rubber and PEC phases to
form chemical reaction among phase [14]. Hence,
increase of higher stress for tensile deformation and
failure and also improvement of tension set are seen in

Fig. 2 and 3.
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Fig. 2 Stress-strain curve of NR/RR/PEC TPVs prepared
by different modifying methods.
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Fig. 3 Tension set of NR/RR/PEC TPVs prepared by
different modifying methods.

In addition, comparing between two modifying
methods used, the melt mixing NR/RR/PEC TPV which
phenolic resin was located in the RR phase seemed to
give better tensile strength and elongation at break than
the reactive blending TPV. This is attributed to in the melt
mixing process graft copolymer of RR with phenolic (RR-
Phe) was firstly prepared. This graft copolymer can
further compatible with the NR phase. Therefore, the
adhesion of rubber

interfacial component in the

investigated blend system is promoted leading to more
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compatible rubber phase prior to mix with the PEC [15-
17]. Moreover, addition of phenolic resin at the beginning
of mixing process, there was an enough mixing time for
phenolic to possess chemical reaction when compared to
the reactive blending method. In the reactive blending,
phenolic resin was added in the step 3 with short time for
reaction in

dispersion and
Therefore, this might be a reason that the NR/RR/PP TPV

the blend component.

with reactive blending had inferior mechanical properties

in relative to those of the melt mixing TPV.

Phenobe intiracuon sk

~S N NS .
Pherolc  Sulfur linkage

Scheme 1. Possible reaction between phenolic resin and

natural rubber.

Dynamic mechanical properties of NR/RR/PEC
TPVs with vanation of modifying methods were also
studied and results are shown in Fig. 4. Results show
material characteristic of pseudoplastic or shear thinning
behavior. In addition, storage modulus and complex shear
viscosity (Fig. 4(a) and (b)) slightly increased with
incorporation of phenolic resin. Also, tan & clearly
decreased to lower value (Fig. 4(c)).These observations
are due to the phenolic modifier caused improvement of
interfacial interaction among phases. The occurrence of
chemical reaction by means of phenolic resin resulted in
higher shear torque for molecular movement to desired
strain [18]. As a consequence, storage modulus and
complex shear viscosity of NR/RR/PEC TPVs with
modifier were higher than those of the control TPV at a
given tested frequency. In the case of tan 8, a drop of tan
8 means material has good elastic response with low
damping in its molecules. The chemical reaction
promoted by phenolic resin helped polymer molecules of

the modified NR/RR/PEC TPVs can better relax applied

stress with low heat generated in molecules or loss

modulus leading to low value of tan .
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Fig. 4 Dynamic properties in a term of (a) storage
modulus, (b) complex viscosity and (c) tan & as function

of frequency of NR/RR/PEC TPVs
modifying methods.

with various

Focusing on two different modifying methods,
the TPVs prepared by melt mixing and reactive blending
had identical test results of storage modulus and complex
shear viscosity. However, the melt mixing technique gave
the TPV with lowest tan §. This is because of different
incorporation step of phenolic resin as discussed earlier.
The melt mixing method allowed the phenolic to firstly
locate in the RR phase before further reacted with NR and
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PEC. In combination, this method provided enough time
for phenolic to disperse and function. Therefore, the melt
mixing showed stronger effect on phase compatibility of
the TPVs.

Morphological study of the NR/RR/PEC TPVs
was investigated using secondary electron SEM mode.
Fig. 5 shows SEM micrographs of the toluene extracted
surface of the NR/RR/PEC TPVs with various modifying
methods. It is seen that the blends with different

modifying  method  exhibited different  surface
morphologies. The surface morphology of the TPV
without modifier (the control) and the TPV prepared by
reactive blending method were more roughness than the
surface morphology of the TPV prepared by melt mixing.
The more roughness fracture surface means that the
interfacial adhesion of the blend component is poor [9].
Incorporation of phenolic resin by means of melt mixing
provides more smooth surface of the TPV than the others
as an affected of chemical reaction caused by phenolic

resin [19].

(¢) Reactive blending method

(b) Melt mixing method

Fig. 5 SEM micrographs of NR/RR/PEC TPVs prepared

by various modifying methods.

3.2 Effect of quantity of phenolic resin on properties of
NR/RR/PEC TPVs prepared by melt mixing method
From previous study, the melt mixing process was
chosen and used in the study of influence of quantity of
phenolic resin. Figs. 6 and 7 show mechanical properties
of the NR/RR/PEC TPVs. 1t is seen that tensile strength

increased with increasing quantity of phenolic resin from

0 to 10 phr while as elongation at break and tension set
slightly decreased. This was due to the raising of phenolic
resin can perform more chemical interaction between RR
and NR resulting to more compatible rubber phase which
later dispersed in the PEC matrix with good interfacial
adhesion. Additionally, small drop of tension set at 5 phr
of phenolic resin might be attributed to an excess amount
of phenolic resin caused phase separation and slightly

hardened the TPV.

12 500

10
g w0
= 'g
‘g, B
g w
= [
w0 Ra]
L 6 &
= )
z 300 §
= =)

4 4

2 T T T v v 200

[¥] 2 4 6 8 10 12

Fig. 6 Effect of phenolic resin content on the tensile
strength and elongation at break of NR/RR/PEC TPVs.
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Fig. 7 Effect of phenolic resin content on tension set of
NR/RR/PEC TPVs.

Fig.8 shows dynamic mechanical properties of the
NR/RR/PEC TPVs with varying quantity of phenolic
resin. Higher compatibility in the TPV can be seen from
gradual increasing of storage modulus and complex shear
viscosity together with decreasing of tan 8. At very high
test temperature i.e. 165°C, the TPV almost melted as
thermoplastic having vulcanized rubber particles as filler.
The molten TPV was flowed in a direction of force (shear
torque). Higher interfacial adhesion among phases yielded
higher shear force for molten TPV to flow. Therefore,
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increasing of storage modulus and complex shear
viscosity were observed with increasing the phenolic
content. Furthermore, good phase compatibility caused
better stress relaxation at the interface and hence

lower damping in polymer molecules as clearly noticed

from the lower tan 6.
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Fig. 8 (a) Storage modulus and (b) complex viscosity and
tan § at a frequency of 2 Hz of NR/RR/PEC TPVs with

phenolic resin content.

Fig. 9 of the
NR/RR/PEC TPVs with varying phenolic content. Finer

shows SEM micrographs

phase morphology of the fractured surface TPVS was
obviously seen with increasing content of phenolic resin.
This morphology is corresponding to the results of
mechanical and dynamic properties of the NR/RR/PEC
TPVs. Increasing of interfacial adhesion among phases as
previously discussed yielded to an improvement of phase
compatibility. Therefore, finer phase distribution or
smooth fractured surface of the TPVs with increasing the
phenolic content was found. This developed morphology
impacted on improvement of mechanical, dynamic, and

rheological properties of the TPVs in previously results.

‘(al) 10 phr

(a) 7 phr

Fig. 9 SEM micrographs of NR/RR/PEC TPVs with

phenolic content.

4. Conclusion

The properties of NR/RR/PEC TPVs are affected
by modifying method. The presence of phonolic modifier
could promote improvement of mechanical, dynamic, and
rheological properties of the modified NR/RR/PEC TPVs.
The melt mixing method was the best method used for
addition of phenolic resin due to this method provided
enough time for chemical reaction of phenolic with other
polymers phases and also it controlled the location of the
phenolic in the RR phase. Quantity of phenolic content
impacted on properties of the TPVs as well. It was seen
that property improvement of TPVs can be clearly seen

with increasing phenolic content in the blend system.
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