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ABSTRACT usually contains high quality of hydrocarbon chaipsr
Interests on recycling of rubber products are the reason as mention, the factories face gredleobe
augmenting due to the serious environmental hazard.in terms of economic and ecological problems.
Furthermore, recycling give economic advantages Initially, to overcome this problem, reclamation is
cheaper materials could be produced. Waste naturadone. However this way is limited by prohibitionr fo
rubber latex which is usually discharged from fae® open burning due to release of zinc compound inéo t
contains good quality hydrocarbon chain with lightl environment [2]. Recycling is the best option in
cross linking which is the main focus in this woflkhe considering since it takes into consideration afreenic
aim of this research is to develop the waste nhtura and ecological aspects. Waste material has become a
rubber latex (WNRL) and polystyrene (PS) blendsigisi  topic of interest among researchers nowadays. &usvi
polystyrene-modified natural rubber (SNR) as a studies recorded the usage of powder waste latex as
compatibilizer. These blends were prepared through filler in epoxidised natural rubber (ENR). It wasuhd
mixing technique using internal mixer at difference that the filler assist the compound in reducing the
amount loading of SNR. Mechanical properties of stickiness of ENR compounding during mixing by
blends were compared. It was found that the WNRL an observation of the curing time, scorch time and
PS blends (WNRL/PS) have improved properties atinduction time decrease when the filler contenteéased.
amount loading 5 phr of SNR. The interfacial adbesi In addition, considering the different particle eszand
was observed on the morphology of tensile fracture amount loading of filler, it was found that the diest
surface by using a digital microscope. The meclanic particles gave the optimum properties. The properti
properties were compared with STR L and PS blesds a also increase when filler loading is increased [2].
well. Another way to reuse the latex product wastes is to
blend it with high density polyethylene (HDPE). Eke
KEYWORDS: waste natural rubber latex, thermoplastic latex product wastes were treated before blendtiveas
elastomer, polystyrene-modified natural rubber, SNR found that the latex product wastes from different
compatibilizer. sources gives similar mechanical properties and
processability compared with thermoplastic elastome
1. INTRODUCTION base on natural rubber and HDPE. Thus, it can ke sa
Nowadays, the latex industry has widely evolved t that thermoplastic elastomer can be developed from
support the world demand such as glove industry, latex product waste and HDPE [3].
prophylactic industry, latex thread industry, efithe Recently, thermoplastic elastomers are the material
consumption of natural rubber latex is growth agera which attends attention from industry and reseakttle
4.2% per year [1], the main process of these pitsdgc  to their properties that include elastic and theplastic
dipping process which results in high amount céectgd properties, they are able to stretch and retuta @ose
latex. Due to high demand of quality products, atbu  original shape when the stress is removed and raelts
15% of consumption might be waste. These rejectshigh temperature as well. It means that this maltean
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be recycled which is good for environment. Some sheets were cooled down under pressure for 3 min at
research were mentioned early on the usage of wastambient temperature. The samples were cut from the
latex in thermoplastic materials while some redearc sheet before investigated the mechanical properties
uses waste type rubber [4,5,6,7] or using recyafdber

powder [8]. However, TPE main problem is the 2.3 Characterization

interfacial adhesion [6,8,9]. They are improvedusing Tensile test

a compatiblizer or third component in binary blends The sheets were cut as a strip shape with dimesision
[6,7,9,10]. The main propose for compatibiliztiorea 115.0x12.2x1.0 mm (LxWxT) referring to Fig. 1. The
adjusting of interfacial tension, stabilizing of Strip shape was used instead of a dumbbell shape fo
morphology and improving of adhesion between phasegensile test due to sample are brittle. Tensilevest done

reduce with SBR which use as compatibilizer inceeas

[13]. Another one is reactive process which contain
reactive site on polymer chain and able to reach wi

other polymer. For example, the waste rubber tiwgy

and polypropylene blends with additional of maleic  The morphological studies of tensile fracture stefa
anhydride-grafted styrene-ethylene-butylene-styréme \yere carried out using Dino-Lite AM413ZT digital

[5,6] or maleic anhydride-grafted polypropylene .[7] microscope at magnification of 200
Some researchers did treatments or modified one of

components prior to blending and it was recorded th 3. RESULTS AND DISCUSSION

the properties were improved after treatment [14,15 3.1 Tensile strength

In this research, an attempt was done on producing The tensile properties of waste natural rubber
thermoplastic elastomer base on waste natural rubbejatex/polystyrene (WNRL/PS) at composition 20/8@hwi
latex (WNRL) and polystyrene (PS). The (fferent loading level of addition of styrene graftural
polystyrene-modified natural rubber (SNR) was us8d  (SNR) are shown in Fig 2-6. Referring to Fig. 2 the
blend compatibilizer in blending to improve its tensjle strength of all blends with addition of SNER
properties. The objective of this research is obsgrthe higher than the WNRL/PS blend without SNR and
effect of SNR on mechanical properties of blendse T STRL/PS blend. An early observation could be made
blends were carried out at different amount loadifig  here where the SNR improves the adhesion between
SNR. phases of rubber and polystyrene. Comparing theuatmo
loading in WNRL/PS blends, the tensile strengtlstfir
increase with addition of SNR at 5 phr of totalypoér,
and then decrease after loading level of SNR ig&x&
phr.

—————————————— 115 mm e ——————— e

[11]. The compatibilization process can be diviited referring to ASTM D 412 test method with a crosade
two items, there are non-reactive and reactiveSPeed 50 mm/min using an Instron universal machine
compatibilizations [11,12]. The non-reactive pracés  model 3366 )

the addition of third component which is miscible i "

binary polymer. For example as reported that theude ‘ 7 H Immm
deformation of polystyrene and polybutadiene blends ‘

Fig. 1 strip shape

2.4 Morphology studies

2. EXPERIMENTAL
2.1 Preparation of WNRL sheet form
The waste natural rubber latex was casted on glags
and dried in ambient temperature for 3 days aftet t

=]
=1

were removed to hang in ambient temperature fahéur g .
drying. The WNRL sheet was milled through a twd rol =
mill. After that a mill-sheeted of WNRL was cutsmall %fj 0
pieces to use as a blend component 5 °
2 0
2.2 Mixing, molding and preparation of sample g S c§§’ &

The blends were prepared based on waste natural
rubber latex (WNRL) and polystyrene (PS) with
composition 20/80 containing the polystyrene-medifi
natural rubber (SNR) 5, 10, 15 and 20 phr of total
polymer. The blends of WNRL/PS were prepared by

Fig. 2 Tensile strength of WNRL/PS blend with four
loading level of SNR

melt mixing technique. The mixing was done in a ktaa
internal mixer (Model Polydrive R600/610) with roto
speed of 60 rpm at 140 °C. PS was melt for 2 mior pr
to the addition of WNRL and SNR mixing was contidue
mix up to 10 min. After mixing, the blend was takeut

and leaved at ambient temperature prior to comjmess

The blends were preheated for 6 min and comprdssed

The reason the tensile strength increases is bethes
SNR behaves as a compatibilizer to adhere intetfaci
between phases of binary of components [16]. SNR
contains polyisoprene and polystyrene segmentsién t
SNR structure as predicted in Fig. 3. The polyisapr
segments in SNR is well dispersed in rubber phikse |

4 min at temperature of 140 °C. After that compresspoIyStyrene segments is well disperse in polysiyren



phase. This will then improve the adhesion betweenshown in blends as well. It is the nature of polyme
phases of these polymer components. blends, the properties of blends depend on theeptieg
and compositions of each polymers [12]
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Fig. 3 Predicted SNR structure [16,17] e I S e

On the other hand after addition of SNR excessr5 ph Fig. 5 Elongtaion at break of WNRL/PS blend witlurfo
the tensile strength decreases. This could be iegoldy loading level of SNR
when a compatibilizer is added in the blends, il wi
move and form layer at interfacial between of nxaamd Comparing the EB of WNRL/PS and STRL/PS, the
dispersion phases [9,12,18] as shown in Fig. 4héf EB of WNRL/PS is lower than EB of STRL/PS. This is
amount of compatibilizer added is in excess, thsn i because the presence of the cross linking in WNiRise,
layer at interfacial phases will be too thick. Thidl lead it resist to mobility of molecule chain to slip pasach
to weak points or flaw at interfacial between plsase other [19]
because the tensile properties of polymer blends ar
responsive with interface [9]. This is the reasbiatt 3.3 Young's modulus
tensile strength of the blends with contains SNBesg 5  The relationship between Young’s modulus and lagdin

phr become poorer level of compatibilizer is shown in Fig. 6. The Ymgs
modulus decrease when the addition of compatibilize
: .O O O() increases. This is because the structure of petiBNR
OO'O V= 0O O is a flexible molecule as shown in Fig. 3. The matiain
— O O of molecule is the repeating unit of polyisoprene #e
® = == O 0 O side chain is polystyrene (25/75 PS/NR [16]). Leathe
CXQ ® © _® O restricting of mobility of chain molecule decreaskss
=0 “*= ®) the stiffness of blend decrease after addition of
[] mextix BB compatibilizer [_] Dispersion compatibilizer [4,9]
phase phase phase
Fig. 4 Schematic representation describing the\ieha _ 1400
of matrix and dispersed phases in a polymer bleittdl w < 1200
addition of compatibilizer [12] %’ 800 1
B 400
3.2 Elongation at break = 20 ]
Fig. 5 shows elongation (EB) at break of WNRL/PS > © & aS ap D
blends with different loading level of SNR. It che seen S
that EB of the blends contain SNR for all four loap

levels are higher than EB of the blend without SMR. Fig. 6 Young's modulus of WNRL/PS blend with four
can be said that EB of blends are improved by amdit loading level of SN

of SNR. This is because SNR act as a compatibitizer

adhere the interface between phases of rubber an8.4 Morphology

polystyrene. The WNRL and PS are more compatible Fig. 7 shows the digital micrographs of the tensile
and more adhesion surface between rubber and P8acture surface of 20/80 WNRL/PS blends with diffet
phases after addition of SNR. This is observedhm t loading level of SNR. Comparing the WNRL/PS blends
morphologies micrographs as shown in Fig. 7. It wasbetween with and without SNR, it could be obsernved
observed that particle size of the blends with SNR in every WNRL/PS blends with addition of SNR, the
smaller than the blend without SNR. However after dispersion of WNRL phase in PS matrix phase isebett
addition of SNR excess 5 phr, the trends of EBeleses  than WNRL without SNR. Moreover the reduced pagticl
when amount loading of SNR increase. This is bexaus sizes of WNRL were present in WNRL/PS with SNR
SNR reduce the stiffness of the blends which reduith blends, it means that the chance of separationédmgtw
low resistance of elongation [9]. Due to the EBpay phases is reduced [14]. This can be said that Mie S
of SNR is very high (1012%) and tensile strengtthersy assist to improve the morphology of WNRL/PS blends.
low (1.2 MPa) as reported in early research [16]RSs The evident of big in Fig. 7(b) indicate that thésgoor
one component in blends then its properties will beadhesion between WNRL and PS phases. It conduct the



stress transfer between phases is poor. As shoai
tensile strength of blendgas improved after addition
SNR [14]. This is bcause the addition of an optit
compatibilizer reduces the interfacial tension b
phases [9].

Fig. 7 Digital micrographs of tensile fracture surfacof
20/80 WNRL/PS withdifferent loading oiSNR (200X)
(a) 0 phr (b) 5 phr (c) 10 phr (d) 15 phy 28 phr

4. CONCLUSIONS

The SNR is effective in improving the tensile strém
elongation at break and morphologut decreass the
Young’'s moduls of waste natural rubber/polystyre
blends. The optimum amount of SNR loadis at 5 phr.
The interfacial adhesion between the WNRL phase
the PS phase is improved. The dispersion of WI
phase in the PS phase is better that can be proy
digital micrographs.
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