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KESAN PEMVULKANAN IN SITU BAGI GETAH ASLI TERUBAHSUAI
DENGAN STIRENA SEBAGAI APLIKASI-APLIKASI PELEKAT DA N
POLISTIRENA DIPERKUAT GETAH
ABSTRAK

Kajian ini mengenai pencapaian penyediaan formutesnvulkanan bagi getah asli
terubahsuai dengan stirena (SNR) dengan teknik pigavanin situ . Sintesis bagi SNR
telah disediakan dengan pempolimeran emulsi. Getslh teryahprotein (DPNR)
digraftkan dengan monomer stirena dengan penambahlamium persulfat sebagai
pemula. SNR vulkanizat telah disediakan dengan &agmmvulkanan dan agen-agen
pemvulkanan yang berbeza. Peringkat pertama kajiamelibatkan penyediaan SNR
dengan pempolimeran emulsi dalam nisbah monomeenatidan DPNR sebanyak
25%:75%. Untuk aplikasi pelekat, kesan tiga sistg@&-pemvulkanan, pemvulkanan
lazim (CV), pemvulkanan separa cekagnfi-EV) dan penvulkanan cekap (EV) terhadap
sifat-sifat tensil SNR pra-vulkanizat diperhatikagistem pemvulkanarsemi-EV
menunjukkan ciri-ciri yang sesuai sebagai pelek®RS pra-vulkanizat. Sistem
pemvulkanarsemi-EV menunjukkan keputusan yang sama pada pemamjadakyat putus
(EB) berbanding dengan sistem pemvulkanan CV dendaakuatan tensil
yang rendah. Kesan pengubahsuaian pH dalam sigiemvulkanan semi-EV
menunjukkan sifat pelekatan yang baik dalam SNRappH 12 dan sesuai untuk
digunakan dalam aplikasi pelekat. Bagi aplikasi dmahdiperkuat getah, proses
pemvulkanan dengan sulfur sebagai agen sambumgsddah meningkatkan kekuatan

hentaman adunan PS/SNR vulkanizat.
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Keputusan menunjukkan adunan dengan kandungan gétahmempunyai kekuatan
hentaman hampir sama dengan HIPS manakala adunagardekandungan getah
sebanyak 30% adalah lebih liat daripada HIPS. Apdtomposisi getah dalam adunan
ditingkatkan dari 10% hingga 30%, tenaga dalamantdkat pemutusan pelenturan juga
konsisten dengan kekuatan hentaman yang diperdlehiologi pada PS/SNR20% dan
PS/SNR30% menunjukkan fasa getah adalah dalanratatherterusan dan sekata
berbanding dengan adunan PS/DPNR. Kalorimetri pea#e penskanan (DSC)
menunjukkan terdapat pencangkukkan berlaku pada98NRValau bagaimanapun,
adunan PS/SNR20% and PS/SNR30% adalah tidak serasasa terpisah wujud dalam
adunan. Analisis dinamik mekanikal (DMA) menunjukkaadunan PS/SNR30%
mempunyai interaksi yang baik antara SNR dengamikm@S, dengan meningkatkan
maksimum taé dalam kawasan getah. Pada fasa kaca PS di bamadian(90°C-150
°C), adunan PS/SNR30% mempunyai modulus simpanamiinterendah berbanding
dengan PS/SNR10% dan PS/SNR20%. Kehadiran kandugggah yang tinggi dalam
adunan telah mengurangkan kekakuan rantaian PSat#telrekahan bagi adunan
PS/SNR20% mempunyai nilai Kc yang rendah berbandiifgS tetapi menunjukkan
keliatan yang tinggi kerana mempunyai takat puteserkturan yang lebih tinggi.
Rintangan penuaan bagi adunan PS/SNR dengan 20%08arkandungan getah telah
menunjukkan kekuatan hentaman yang lebih baik ddapHIPS selepas prosess
penuaan. SNR yang disediakan dengan pemvulkamamu menunjukkan peningkatan
yang baik dalam sifat-sifat pelekat sensitif tekamkan kekuatan hentaman. Aplikasi-

aplikasi SNR sebagai pelekat dan pengubahsuaidarhan telah tercapai.
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EFFECT OF IN SITU VULCANIZATION OF STYRENE MODIFIED NATURAL
RUBBER IN ADHESIVE AND RUBBER TOUGHENED POLYSTYRENE
APPLICATIONS
ABSTRACT

In this research, establishment of vulcanizatiomnidation of styrene modified natural
rubber ( SNR ) vulcanizates by usimgsitu vulcanization technique was investigate. The
synthesis of SNR was prepared through emulsionnpadization. Deproteinized natural
rubber latex (DPNR) was grafted with styrene monowi¢h the addition of ammonium
persulfate as initiator. SNR vulcanizate was pregawith different vulcanization
methods and vulcanization agents. The first stddlbeowork involved in established the
emulsion polymerization of SNR with ratio of styeemonomer and DPNR ratio 25%:
75%. For adhesive application, the effect of thrpee-vulcanization systems,
conventional vulcanization (CV), semi-efficient gahization (semi-EV), and efficient
vulcanization (EV) on tensile properties of SNR -pudcanizates were observed. The
semi-EV vulcanization system showed suitable priggeras SNR pre-vulcanizates
adhesives. It showed similar trend in elongatiobraak (EB) compared to CV system
with low tensile strength (TS). The effect of pH aifacation on semi-EV pre-vulcanized
system showed the SNR with good anchorage abititpHa 12 suitable for adhesive
application. For rubber toughened material apgbeatn situ vulcanization process with
sulfur as crosslinking agent had improved the impsitength of the PS/ SNR
vulcanizates. The results showed at 20% of rublositent has comparable impact
strength with HIPS while 30% of rubber content sedwmore ductile than HIPS.
Addition of more rubber contents from 10% increage®0% showed an increased in

internal energy and deflection at break which cstesit with the impact strength
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obtained. The stained photographs of PS/SNR20% R8(ENR30% showed co-
continuous rubber phase and more homogenous th&DPR® blend. Differential
scanning calorimetry (DSC) analysis showed the wooy of grafting in SNR9H,
however the blends of PS/SNR20% and PS/SNR30% shavweempatible and phase
separated exist in the blends. Dynamic mechanicalysis (DMA) showed the
PS/SNR30% had more interaction between SNR andd&fxrhence the maximum tan
increases in the rubber region. At glassy PS teatpe region (90°C-150 °C),
PS/SNR30% had lowest dynamic storage modulus cadpés PS/SNR10% and
PS/SNR20%. This large amount of rubber molecule reddiced the rigidity of the PS
chain. Fracture toughness of PS/SNR20% had lowevatue than HIPS but showed
better ductility with higher deflection at breakgiAg retention property of PS/SNR
blends contained 20% to 30% of rubber content sbdve¢ter impact strength after aging
compared to HIPSIn situ vulcanization of SNR had shown great improvement i
pressure sensitive adhesion properties and impapedy. The applications of SNR as

adhesive and impact modifier had achieved.
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CHAPTER 1
INTRODUCTION

1.1 Latex based adhesive

The bonding agents used in paper product are kresaadhesive which mostly is latex

based. Other than paper products, leather goodseatites, latex based adhesives also

had been used in rigid substrates such as woartsflmetal, glass, plastic and ceramic.

The advantages of latex based adhesive are aw/follo

* Reduced cost of production.

» Able to formulate adhesive with a wide range oltaolid contents and viscosities,
such as adhesive with high total solid contentedatively low viscosity for easy
handling.

* Absence of flammable and toxic solvents

» Utilizing polymer of high molecular mass

» Superior resistance to deterioration during aging.

» Ease of wetting on solid substrate and to penetrajgorous substrate.

Generally the copolymer lattices are more effectised as based for latex adhesive than
the unmodified polymer lattices. Adhesive with gi@polymer or a block should adhere
well to different adherend. The adhesive need ffdlftne condition where the degree of
separation of the two (or more) types of the repgat in a copolymer should have
sufficiently large domain with two types of polsritSecondly, the block of the
copolymer should able to migrate from each othesmable strong adhesive bonds can be
formed at the respective adherend surfaces. Thelyopr need to have adequate size

with no extensive crosslinking that can separat¢hat respective adherend surfaces.



Basically the adhesive bond formed from the latagdnl adhesive have to withstand the
influence exposure such as sunlight, hydrocarbdnoaibne and heat in which these

bonds are strongly depends on the polymer comporfamthermore, latex based

adhesive bond able to withstand high humidity amatewthrough nature and the amounts
of hydrophilic substances in the latex. Some pohgmesed for the production of latex-

based adhesive are inherently capable of beinglanked. The crosslinking are formed

if appropriate reagents are included in the adleefvmulation and physical conditions

for crossliking are established, or the reagentsro@rate into the adhesive films from

the adherend substrate. The advantages of crasgliake to improve the resistance of
adhesive towards aging, reduced sensitivity of bstnength and flexibility on changes

temperature, improve the resistance to deteriordiiowater and organic solvents. There
are also adhesion modifiers in latex based adhesind as aqueous solution and
dispersions of resin, tackifiers, plasticizer, sloging agents, fillers, thickeners and

other additives (Blackley, 1997)

Among the other substances are added in the latsedoadhesive are:

Surface active substances

* Antioxidants

* Anti-forming agents, anti-freezes and freeze-tistabilizers

* Fungicides, corrosion inhibitors, flame-retarders

» Colorants, de-odorants and re-odorants.
Gazeley and Mente (1985) describe the preliminavestigation of tackifying additives
in reducing the molecular mass of the natural rublmethe case of pressure sensitive

adhesive, the adhesive has to be sufficiently sothe dry state, and able to deform



under low pressure so good surface contact cancbeved. However, the sufficient
cohesive strength is also required for adhesivédiaon. Unfortunately both tack and
cohesive are inversely correlated. So higher lefeksin is needed for development of
good tack compared to equivalent solution-basesspre sensitive adhesive.

In some latex-containing adhesive, the latex corapbis present in only small
amount. The function of adhesive is to improve evalop existing properties possessed
by the adhesive, rather than to convey distinctefearacteristics of its own
(Blanckley,1997).

Characteristic and process of vulcanized NR badbdsve:
* May used chemical catalysts/accelerators at amib@emperatures or heat curing
to vulcanize the adhesive, as to improve strengthtemperature resistance.
» Additives such as tackifiers, fillers and plastaiand antioxidants are often used
to improve the ageing of adhesive
» Can be set by solvent/ water evaporation/ vulcdioza
* Process involved NR emulsion contains stabilizersiting agents and other

component. Adhesive may cured by heat or at roampéeature, provided a

suitable accelerator is used.

According to Petrie (2006), unvulcanized adhesemds to lose its strength at
temperature 6€ and the vulcanized adhesive has maximum seminpéarature at F&.
Caution must be taken as exposure of adhesive dbhehitemperatures can cause

permanent softening.



1.1.1 Pressure sensitive adhesive

Pressure-sensitive adhesives (PSA) are fluid applithese types of adhesives are
viscoelastic material and do not undergo a chentieattion. PSA remains in the gel

state which is tackiness capable of being remoediger than a permanent bond after
wetting the substrates. In order to have good sartmntact, PSA has to be sufficiently
soft in the dry state to deform under low pressamd has sufficient cohesive strength
contact to react as adhesive. However, in mostscidmetack and cohesive strength are
inversely correlated (Blackley, 1997).

In the 19" century, the discovery of natural rubber as th& §olvent based PSA
and its usage are widely recognized in tapes dmeldandustries. Recent development
such as control of adhesive properties througlcstrad particles design of water —borne
PSA are studied by Andregt. al.(2009). For further improvement over the joint stth,
the mixed adhesive joint technique can offer a gomdbination of strength and ductility
(Silva & Lopes, 2009).

Nanocomposite PSAs also one of the new growth adhesaterials which are
popular among the studies of researcher. Thereudighed study that deals with
synthesis of acrylic polymer/montmorillonite (MMTglay nanocomposite PSAs by
suspension polymerization (Kajtna & Sebenik, 206@y. medical grade application, the
design of new water soluble PSA for patch prepamatire reported by Minghetét
al.(2003). Mixture of polyisobutylene (PIB) and sadicarboxymethylcellulose (CMC)
are physiologically inert and both yield a specmisture absorbing PSA, thus suitable
for medical application as patch preparation. Theological properties of PIB and CMC

are studied by Piglowski and Kozlowski (1985).



Polymer mostly use as PSAs are block copolymersladtomer with styrene,
natural rubber, polyacrylate, random polymer bwgadistyrene rubber or butyl rubber
(Andrew & Khan,1990; Satas,1989). For example, @gylated butadiene-styrene rubber
and butadiene-styrene rubber are used as bas&foaRd styrene-2-ethyl hexyl acrylate
copolymer containing 14 mass% of styrene is usedP@8 modifier (Florian and

Novak,2004).

1.1.2 The effect of nature of adherend surface

Latex based adhesives usually contain substancesdety different polarities, which
some of the substances are hydrophobic and othersydrophilic. This is common in
latex based adhesive due to minor amount of varsolstances, such as surface active
substances and hydrocolloids which essentially dpfditic in nature. It is known that
latex based adhesives are hydrophobic colloidgledgsons which contain at least two
phases which are agueous phase and polymer psutidhere is a dispersed phase in
latex based adhesives which can be occurred dubetdiller particles. In principle,
predominantly polar surface of adherend encouragepblar component of adhesive to
accumulate at the interface between the adhereshtharadhesive. Similarly, the surface
which is predominantly non polar encourage the palar component of the adhesive at

the interface between the adherend and the adhi@oreyn et.al,1992).



1.1.3 The effect of the high humidity and liquid wger upon strength of adhesive
bonds
Water is highly polar small molecule. The preseinthe water will further weaken the
adhesive bond strength between the adhesive filch the adherend surface. If the
adhesive film is in contact with water, surfaceiatsubstances presence in adhesive
may dissolve in the contiguous aqueous phase. Theisurface free energy of the water
and the thermodynamic work of adhesion of the astbdsond are reduced (Comyn et.al,
1993). So when produce a new adhesive, the adhedieh is least affected by the
humidity is favored when strong adhesive bondesrdd.
1.2 Rubber toughened plastic
1.2.1 Compatibility effect Test
In order to determine whether a polymer-polymertar has separated into two phases,
light scattering, microscope and measurement afsgleansition temperatures are often
used as a standard test method for compatibility. rRost binary pairs, in which the
polymers are completely incompatible, these metbaal distinguish by difference in
refractive index and glass transition temperatufg).( However, it is difficult to
distinguish a single homogeneous phase from adisygersion of one polymer in another.
The existing analytical methods differ in their lapito make this distinction and give
contradictory results. As a result, calorimetry niragicate a single glass transition for a
sample while dynamic mechanical testing detects $@parate transitions. Sometime,
electron microscopy can resolve this problem predidhere is sufficient electron
contrast between the two components. If there #ferences in chemical reactivity

which enable one constituent to be stained or dtgneferentially, then it is a useful aid



to analysis the compatibility. Kinetic effect fuethcomplicated the problem. In principle,
the concept of compatibility is refer to thermodyna and related to the equilibrium
state of the mixture. Caution must be taken asngigind demixing of polymeric systems
are diffusion-controlled process which can takegkmtime to reach equilibrium. For
second kinetic effect, the partially miscible systbetween its bimodal and spinodal
compositions can exist indefinitely as a metastabl@ogeneous phase in the absence of
a nucleation mechanism. Thus, some caution is sages$o prevent wrong interpreting
experimental evidence as failure to mix is not seaey an indication of thermodynamic
incompatibility, nor is the existence of an homogmums phase proof of complete

thermodynamic compatibility (Bucknall,1977).

1.2.2 Graft-copolymerization reaction

A specialized type of block copolymer in which tecof one monomer units are
covalently bonded to a main-chain polymer compgsaxclusively units derived from

other monomer is known as graft copolymer. It isl $a be grafted on to the main chain
polymer when the monomer units constituting thadted blocks. The aims of producing
graft-copolymerization reaction in natural rubbetek are for production of self-

reinforced and thermoplastic natural rubber.

A few of published reports (Bloomfiled, 1956; Mettr & Wood, 1957; Allen et
al.,1959; Sekhar,1958; Ceresa,1973; Pendle,19d@®dsthat the amount of grafting of a
second polymer such as PS and polymethyl methaer(lPAMMA) onto NR backbone is
low (less than 50%). This is due to the presengaratiein layer which prohibit the graft

copolymerization of vinyl monomers onto natural bah In this case, deproteinized



natural rubber latex (DPNR) is more suitable asraftgd polymer compared to high
ammonia natural rubber latex (HANR). This is duethe removal of protein layer in

natural rubber and replacement of surfactant inckd which increase the degree of
grafting and furthermore increase the physical erogs of copolymer (Ceresa, 1962;
Allen, 1963; Ceresa, 1973; Pendle, 1973).

Emulsion polymerization can be used to producefteptacopolymer. For
emulsifier-free emulsion polymerization, the minimuumber of component essential
for the creation of an aqueous emulsion polymeorateaction system is three, rather
than four: monomer(s), water and initiator. The spré of colloid stabilizer is
unnecessary. The initiator used in the emulsiorymetization reaction will generate
radical —anions end groups which provide collombgity at the surface of the polymer
particles (Blackley, 1997). According to Nguyen @) during emulsion
polymerization, if the DPNR used as main chain pady for grafting and with already
contains amount of surfactant which lower thanicaitmicelle concentration (CMC)
value during its manufacturing, hence, the useddafition surfactant in the system can
be neglected. Such system will avoid the formatbmicelles and has high degree of
grafting which known as emulsifier-free emulsiornypaerization.

The reaction time in emulsion polymerization depgendn the reaction
temperature used in the system. Some studies offication of HANR latex with vinyl
monomer had reported using temperature range fl@md® for different initiator and
surfactant system. According to Nguyen (2000), rication of DPNR latex with

styrene monomer with balance of properties cancheeged in the modified DPNR films



by using 66C of reaction temperature together with initiatoncentration of 2% by
weight of styrene in the system,.

Based on study by Nguyen (2000), the total solidteat (TSC) of 40% is
recommended for the emulsion polymerization reactd grafted styrene on natural
rubber for ratio of natural rubber to monomer stgreat 75%:25%. Above the 40% of
TSC, the rubbers tend to collide more frequentlg tuthe distance between the rubber
particles reduce and thus the system will easiggotated.

Another established graft copolymer example wafsregiforced rubber obtained
from graft-copolymerization with methy-methacrylaBloomfield 1952). It is well
known as ‘Heveaplus MG’ in industry. Typical formatibn for graft-coplymerization of
methyl methacrylate and of styrene in ammonia-pvese natural rubber latex using a
hydroperoxide-polyamine initiation system are shown Table 1.1.According to
Bloomfield (1952), significant extents of graftingccur if hydroperoxide-polyamine
combination or dibenzoyl peroxide is used as itotiaHowever, if azobisisobutyronitrile
and peroxodisulphates are used as initiator, sttmo grafting occurs for the former,
and low grafting occurs for the latter. The depemaeof the extent of grafting upon the
nature of the initiator is inconsistent with theacéon mechanisms in which grafting
occurs principally hydrogen-abstraction by intei@acttbetween a propagation polymer
chain and a rubber macromolecule or copolymerinatieither of these reactions would
be expected to depend upon the nature of the feskkcal which initiated the
polymerization. Thus, it is believed that graftiogcurs primarily by interaction between

rubber molecules and the primary radicals whicimfnom the initiator.



Table 1.1: Typical formulation for graft-coplymerization ofethyl methacrylate and
of styrene in ammonia-preserved natural rubbex I@@&oomfield ,1952)

Part by mass

Methyl methacrylate Styrene
Ingredient Dry Actual Dry Actual
Natural rubber(as 30%m/m 100 333 100 333
latex,0.4% m/m ammonia
Non-ionogenic stabilizer - - 3 15
(as 20% aqueous solution)
Methyl methacrylate 33 33 - -
Styrene - - 55 55
Tert-butyl hydroperoxide 0.18 0.18 0.25 0.25
Tetraethylenepentamine 0.21 2.1 0.1 1.0
(as 10% m/m aqueous solution)
Time of polymerization/hour 3 6.5
Polymerization temperatufe 12 55
Conversion/% 90 95

A combination of tert-butyl hydoperoxide and tethgdenepentamine showed rapid
initiation and smooth polymerization of both methylethacrylate and styrene in
ammonia-preserved natural rubber latex. Bloomfi€l®52) indicated that methyl
methacrylate could be used to polymerize natuttabeu latex with the used of dibenzoly
peroxide only if the ammonia was removed, the teatpee need to nearly 80, and a
substantial quantity of a non-inorganic stabilizezed to add to prevent colloidal
destabilization.

Allen et.al. (1959) reported that the polystyrene, having atgretendency to mix

with natural rubber than with polymethyl methactglawhich less tendency to phase-
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separated to form micro-aggregates. Thus the loligion of monomer styrene within the
composite latex particles is expected to be mor®um.

Recently, Pukkatet. al. (2007) study the graft-copolymerization of styremgo
natural rubber in order to form nano matrix stroetiNano-matrix structure is formed by
graft-copolymerization of styrene onto urea-deprozed natural rubber (U-DPNR) latex.
The grafted U-DPNR is characterized by Fourierdfarm infrared (FT-IR)
spectroscopy, Hydrogen-1 nuclear magnetic resonghtteNMR) spectroscopy and
transmission electron microscopy. Conversion aadtigg efficiency of styrene are more
than 90% under the best condition of the graft-tgperization. In transmission electron
micrograph of film specimen stained by OsO4, itoisnd that natural rubber particle of
about 0.5um in diameter is dispersed in polystyrene matrialodut 15 nm in thickness.
The conversion and grafting efficiency for the ¢gdfU-DPNR are compared with those
for a control sample prepared from enzymatic depnated natural rubber (E-DPNR)
with styrene. Figure 1.1 shows the preparation mafftgd styrene-copolymer. Graft-
copolymerization of U-DPNR and E-DPNR are carrietl with tert-butyl hydroperoxide
[tetrethylenepentamine as an initiator in latexystalhe highest conversion and grafting
efficiency of styrene for U-DPNR-g-PS copolymeiachieved at 1.5 mol/kg-rubber feed
of styrene to be about 90 and 90 w/w%, respectjiadyshown in Figure 1.2 and Figure

1.3.
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urea Incubation Proteolytic Incubation
Room temperature, 60min enzyme 305K, 12 hours
U-DPNR E-DPNR
Dilution
30 w/w% DRC DPNR latex
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Temperature: 303K

Reaction Time: 2 hours «— Styrene monomer

Gross Polymer

«—

Soxhlet extraction
(Acetone/2-butanone(3/1)

Insoluble fraction

Graft copolymer

Soluble fraction

PS

Figure 1.1 Preparation of U-DPNR-g-PS and E-DPNR-g-PS capelg

(Pukkatest. al., 2007).
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Graft copolymer also can be prepared by radiai@alethaet.al.(1998) prepared
graft copolymer of NR and PS (NR-g-PS) by polymiegzstyrene in rubber latex using
% Co y- radiation as initiator. Styrene monomer is adited emulsion which is then
mixed with NR latex. The dose rate is 0.1166 MRadmiThe free homopolymers
natural rubber and polystyrene are removed by etra with petroleum ether and

methyethylketone.

1.3 Problems statement

High ammonia natural rubber latex (HANR) is comnyoused in latex dipped products
but has allergy issue (Dairlymple & Audley, 1992p¥t. al.,1995; Pendle,1993).Thus,
deproteinized natural rubber latex (DPNR) becone ftitus of studies to solve the
protein issue. The production of DPNR is by sulbpecthe natural rubber latex (NR) to
enzymatic treatment and centrifugation (Ichikastzal.,1993). Most of the proteinaceous
substances are removed from NR after the depratgion process. Protein plays an
important role in stabilizing the rubber partickesd film forming properties of latex. In

order to maintain the stability of DPNR, surfactetadded into DPNR to stabilize the
lattices. In comparison of HANR and DPNR, the fornsestabilized by protein and lipid

layer (Gazelewt.al., 1988), as the latter is virtually stabilizedsayfactant.

Most graft-copolymerization process favors thedusé DPNR than HANR.
According to Nakasomt.al (2003), the grafting efficiency percentage decreaile an
increase of MMA concentration when the DPNR or HANRgrafted with methyl
methacrylate (MMA). In comparison with the two &mf lattices, DPNR provides

higher grafting efficiency which contains larger agtity of grafted poly (methyl
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methacrylate),a larger average particle size, awd ffee natural rubber molecules are
observed in the grafting system. These differermes attributed to the removal of

proteins. The protein layer can act as free-radscalvengers and terminate the free-
radical species during graft copolymerization. THRBNR becomes the focus of the
recent studies.

The discovery that brittle plastics can be touglebg using minor portion of
rubber has led to the commercialization of highaectghermoplastics. One of the leading
commodity thermoplastic materials is high-impactyptyrene (HIPS). However, the
commercial HIPS were prepared by mass suspensigmeozation of poly-butadiene
with styrene which is a copolymer of styrene anthtiene usually has a rubber content
of 8-14 wt% (Bucknall, 1977).

PS is known to be difficult to compatibilize withatural rubber (NR). Thus, it
could be expected that the mechanical propertie®SMNR blend could be further
enhanced via the incorporation of a suitable coibiaer. Natural rubber /polystyrene
(NR/PS) blends with the addition of compatibilizenich is NR-g-PS had improved the
mechanical properties of NR/PS blends (Chuayjeljitl, 2005). Research on dynamic
vulcanization of NR/PS blends are well establishgdAsaletha et.al.(1999). Dynamic
vulcanization of the blends is carried out by diéfe curing agent, ie: sulfur, peroxide
(DCP) and mixed system (sulfur with peroxide). Bliénds are prepared by melt mixing
and solution casting technique.

The study reported here is an investigation ohitfehfied NR (SNR) prepared by
using emulsion polymerization. Instead of vulcadiee SNR by dynamic vulcanizaion,

in situ vulcanization in SNR latex is recommended to preghe SNR vulcanizatén
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situ vulcanization process is carried out immediatéigrehe emulsion polymerization of
SNR latex in room temperature. SNR vulcanizatefistb dry in room temperature and
then leached with deionized water to remove all waer soluble impurities in SNR
vulcanizate. The formulation recommended forsitu vulcanization is sulfur based
vulcanization. This SNR vulcanizate is ready taubed as impact modifier.

Part of the study involved the application of SNIRcanizate as pressure sensitive
adhesive (PSA). The ratio of accelerator to sulfised from three type of pre-
vulcanization system which are conventional vulzaion system (CV), semi-efficient
system (semi-EV) and efficient vulcanization syst@aV). Pre —vulcanization were
carried out immediately after the emulsion polymation at 60C. The focus in this
work was to develop a PSA with good performancariohorage properties, good mean
maximum load results and longer average time to fai

Another application of SNR vulcanizate in the inmysis rubber toughened
material. The vulcanization system used is semidMtitanization system. Polystyrene
(PS) make up a large proportion of total tonnagelasétic currently being used mainly
for consumer products or non load bearing appbeoatin order to improve the toughness
property of PS glassy polymer and divert the apgibm of PS to high impact
applications, small amount of rubber as impact firexdis recommended to add in to PS
matrix. SNR vulcanizate which contains highly gedftPS portion is believed to have

better interaction with PS in PS/SNR vulcanizatnbland act as impact modifier.
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1.4  Objectives of studies

The focus of the study reported here is concernddtive application of SNR as pressure

sensitive adhesive and rubber toughened PS. Bophicafons are using chemical

modified DPNR with styrene monomer. The main olest of this study are:

1. To investigate then situ vulcanization system for SNR vulcanizates by using
sulfur based vulcanization. The effect of the valzation systems will be studied
for both applications.

2. To study the effect of SNR pre-vulcanizate as pressensitive adhesive in PS-
PS, PS-NR and NR-NR substrates. The formulatioBMR pre-vulcanizate with
optimum improvement in anchorage properties, goedmmaximum load results
and longer average time to fail are to be deterchine

3. To investigate the effect of SNR vulcanizate asantpnodifier in PS blends. The
optimum rubber composition of PS/SNR blends arbeaetermined in order to
achieve higher reinforcement and toughening effad®S matrix.

4. To compare the PS/SNR vulcanizate with commerciltSHand to study the

compatibility of PS/SNR vulcanizate blends.
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CHAPTER 2
LITERATURE REVIEW

2.1  Emulsion polymerization

There are four components in conventional reactigstem for the aqueous emulsion
polymerization: monomer, water, initiator and calkl stabilizer. Sodium-n-dodecyl
sulphate is colloidal stabilizer (emulsifier or fatant) of non-polar monomers of low
solubility such as styrene. Initiator is water siéuand functions as free radical generator.
The common water soluble initiator used is perosoghhates (persulphates) of
monovalent cations, such as potassium, ammoniunsaddim. When the surfactant is
added into the aqueous solution, it will saturée water phase and then aggregated to
form micelles, thus, critical micelle concentrati@@MC) occur. According to Gerrens &
Hirsch (1975), CMC has to be above 2.6HyO, to ensure that micelles are formed for
polymerization (Flory, 1956; Gordon, 1970; Black&9,/5; Eliseeva&t.al .,1981; Rosen,
1982; Odian, 1991; Painter & Coleman, 1994; Kuta&upta,1998).

In processing the styrene butadiene as exampldy siyrene and butadiene
monomer added will diffuse through the water phasel into the micelles until
equilibrium is obtained. Most polymerization occudthin the monomer-swollen
micelles. The polymerization begins after the additof initiator. Initially, the free
radicals are formed with the presence of initiatéree radical reacts with the monomer
double bonds, and the chain growth began. The pybizsic chain migrates to the
swollen micelles with further increase of moleculaeight is observed. Majority of
polymerization occurs in the swollen micelles (Rem@006). Figure 2.1 shows concept

of the free radical emulsion polymerization
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POLYMERIZATION INITIATED CHAINS MIGRATE TQ MICELLES WHERE
CHAIN GROWTH BEGINS MAJORITY OF POLYMERIZATION QCCURS

Figure 2.1: Concept of free radical emulsion polymerizatioaiBer, 2006)

The application of styrene-butadiene (SB) latexaating industry such as paperboard

coating, textile coating, as binder and coatingffooring felts, and as carpet backing.

Typical properties of SB latex are shown in Tahle 2
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Table 2.1: Properties of styrene-butadiene latex (Rander 2006

Property Value
Solids 50% wt.
pH 7-9
Brookfield viscosity < 500cp at 2%C
Average particle diameter 20,000
Surface tension 45 dynes/cm
Specific gravity (at 2%C) 1.01
Styrene/butadiene ratio 50:50
Film properties:

Tensile strength (at break) 550psi
Elongation 520%

2.1.1 Smith-Ewart theory

An ideal emulsion polymerization occurs when raldi@ntering individual latex particles
successively initiate and terminate the growingrthaAt any given time, the number of
growing chains will be one-half the number of paes. It is to be noted, the high radical
concentration does not affect the radical lifetiniéhe number of polymer particles
depends on both the initiator concentration and sinéactant concentration (Roderic
et.al.,1994),

N o [I] ?°[S]* (2.1)

Where,[ | ] = Concentration of initiator,[ S ] = @centration of surfactant
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In the case of the diene, where the classical odethf photoinitiation poses
difficulties, a rather elegant method for obtainihg absolute value of the propagation
rate constantkfrom emulsion polymerization system (Rodegii@l.,1994), as

R = ko [M] N/2 (2.2)
Where, N = Number of the particles per unit voluiRg= Propagation rate constant, [M]

= Concentration of monomer in the monomer-polynaatigles,

2.1.2 Chain-growth polymerization
Chain growth polymerization occurs when there isaddition of monomer to reactive
sites on the growing chain molecules.
P*+M—> P}, +M (2.3)

Where, P} = Polymer chain with reactive site (*) and degoé@olymerization of n, M=
Monomer unit, P}.,= polymer chain with a reactive site (*) and degreé
polymerization n+1

The reactive species which initiate such chain treas must be capable of
opening one of the bonds in the monomer and maw badical, an electrophile, a
nucleophile, or an organometallic species. Hentegblymerization may proceed by a
variety of possible mechanisms depending on thetrel@c nature of the chain-carrying
species, viz., free radical, cationic, anionic, aodrdination, as illustrated in Figure 2.2

(Roderic et.al.,2005).
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~ /7
Free radical R:+ C=C — R—C—Cr— ¢+« —
/s ~

AN / |
Cationic HY*A™+ /C=C\\ s H—C—C*A~ — -+ —»

N\ / |
Anionic AM*+ C=C — A—C—C M'— -+ —
/7 ™~ 1 |

\ / |
Coordination R-Met + /C':C\ — R—C—C—Met — -+ —

Figure 2.2 : The reactions of double bonds with various tygasitiating species.
(Roderic et.al, 2005)
The general kinetics for chain propagation by fradical mechanism involve three
primary steps, i.e., initiation, propagation, arentination as shown in Figure 2.3
(Roderic et.al, 2005). Where |I= initiator, M=monami= initial free radical, and M=
propagating free radical.

This sequence of steps then leads to the followimgple kinetic treatment:

Rate of initiation R= 2k [l] (2.4)
Rate of propagation =Ry [M; - ]1[M] (2.5)
Rate of termination =Rk [M; - P (2.6)

Assuming a steady-state condition where the raferafation of radicals is equal to their

rate of disappearance, i.e;, ¥R,

M - 1= K" k2 (27
And

Ro= ko killz kt-1/2 IMI[] 1/2 (2.8)

22



Equation 2.8 thus illustrates the dependency ofothexall rate of polymerization on the
concentration of initiator and monomer. Another artpnt aspect of the free radical
polymerization is the dependency of the numberayerdegree of polymerization on
initiator concentration, increases the rate of pwyization but decreases the degree of
polymerization, X, which corresponds to the number-average numbenits per chain.

%= ko ki -1/2 ke -1/2 [MI[I] -1/2 (2.9)

fnitiation

k.
| —» 2R.

R. +M — p._M.

k
Propagation M/ +M — M;
Termination M + M,- : dead chains
¥ {klk‘+k!d}
Combination

ROTCH;—{!:H]- RGTCHI—CH]L
+
X I
RDTCH -—CHHCH CH, TDR
Disproportionation

RO FCHz—(i,‘H]—CHZ-—(I:H + RD-[CH -—-r:H]— H,—CH" —1
-HCH,—CHTCHI CH,X + R{:)TCH2 CH]—CH=CHX

Figure 2.3: Kinetics for chain polymerization by free radicaéchanism
(Roderic et.al, 2005)
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2.2 Latex Compounding Ingredients

Lattices require addition of compounding ingredseiatr a finished product. The range of

compounding ingredients used for latex are dividetb the following categories

(Howard,1999; Blackley,1997):

(a) Vulcanization agents:These agents are necessary for vulcanizationeashiamical
crosslinking reaction can improve the physical prtips of the latex compound.

(b) Accelerators: The function of these chemical with the combimatof vulcanizing
agents will reduce the vulcanizing time (cure tim&) increase the rate of
vulcanization. In most cases, the physical propemif the products are also improved.

(c) Activators: These ingredients form chemical complexes aftectrevith accelerators.
These chemical complexes further increase vulctaizaates and improve the final
product properties.

(d) Stabilizer including surfactants: These chemicals are used to reduce the surfaee fre
energy of agueous media against air, and the adetffree energy of aqueous media
against immiscible organic liquids. This is dughie majority of lattices of industrial
has aqueous dispersion media.

(d) Antioxidants: To increase the ageing characteristic of the laterpound.

(e) Fillers: To stiffen the product obtained from latex andalsduce the cost of final
product.

() Viscosity modifiers (thickeners): To enhance the colloidal stability and modify the

flow behaviors of latex compound.

24



