CHAPTER II
THEORY AND LITHERATURE REVIEW

2.1 Natural Rubber

polyisoprene. The ey [Hevea brasiliensis \is a polymer colloid largely
comprising cis-1,4-p r e s ¢ of cis-1,4-polyisoprene is shown as

follows :
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The latex of the Hevea brasiliensis tree has been described as a cytoplasmic
system containing rubber and non rubber particles dispersed in an aqueous serum phase.
Freshly tapped natural rubber latex has a pH of 6.5-7.0, a density of 0.98 g/cms,
and a surface free energy of 4.0-4.5 uJ/cm2(0.96-1.1 ucal/cmz).[Z] The production of

composition in natural rubber latex varied between wide limits is given in Table 2.1.



Table 2.1 Typical proportions of composition in natural rubber latex.[5]

Composition %
Water 55
Rubber hydrocarbon 35

Protein ' | 4.5
Acetone ;@ // ‘ 3.9
Amino aci 0.2
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coagulates unless preservatives are added. The preservation of field latex used in the

production of latex concentrate may begin with the addition of ammonia solution to the

cup prior to tapping.[2]



Ammonia is the principal preservation of natural rubber latex. Short-term
preservation (0.2% of ammonia) is sufficient to ensure that the latex remains in a liquid
condition for a few hours or a few days before being processed into the various forms
of dry rubber. Short-term preservative is commonly known as anticoagulants. Long-

term preservation (0.7% of ammonia) includes measures that will keep the latex intact

/}mge in country of final use.[2,5,6]
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and free decay during transpo

in natural rubber latex t0 60 » to,reduce transportation costs and enhance
suitability for various latex mgs:. Concentrated latexes are economically useful as
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they contain less water to be shipped from the plartations, they are also more efficient
in the manufac f finished ly from latex. Additionally, latex
concentrates tend to more uniform in quality than do field latices. This is due in part to

partial remﬂl wﬁrﬂﬁ%ﬁﬁ%ﬁqﬁﬁtmn processes.

Four ‘thethods are used fg,r concentrating natural rubber latex; centrifugation,
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most ‘videly used. The typical properties of concentrated natural rubber are given in

Table 2.2.



Table 2.2 Typical properties of high ammonia type of centrifuged natural rubber

latex.
Properties Tested resu'ts
Total solid content, % 61.54
Dry rubber content, % 60.03
Non rubber solids, % 131
Ammonia conten igl - 0.70
Ammonia content ‘ 1.82
pH value 10.92
KOH number 0.5610
Volatile fatty acidmumbg WVEA), ) \' 0.0194
Mechanical stability i . TSCisec, |\ 1,100
Specific gravity at 25" C ““{‘#ﬁﬂ‘ 0.9411
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referreq to any ] gree of che mical modification form a very small mole percent for the
purposes of introducing bond antioxidant function, crosslinking, bonding, etc., without
introducing any changes to basic physical properties, through the reaction of a significant

number of repeat units, say 20-50 mole%, which does result in changes in the physical



properties of rubber. Higher levels of modification tend to alter the nature of polymer

from a rubber to more plasticlike or resinous materials.[7-9]

Liquid or Depolymerized Rubber

Liquid natural rubber is here defined as depolymerized natural rubber that has a

temperature. The process is prepared
by oxidative scission of natural rubbegun: d conditions. There are commercial

grades, which are ‘ ricating oil additive, a binder in

depending on catalyg
‘have been used.for shoe soles, hard moldings, heavy-duty
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Chlorlnated Rubber

Natural rubber readily undergoes both substitution and addition reaction with

chlorine. Although it is possible to chlorinate in the rubber latex system, the best



process is the direct chlorinating of a rubber solution in an inert solvent, such as carbon

tetrachloride at about 80 °C. The fine white powder of chlorinated rubber is obtained by

steam distillation to remove the solvent.

Fully chlorinated rubber (65% chlorine) has a specific gravity of 1.63-1.66, and

readily soluble in aromatic hydrocarbons and chlorinated solvents. Since it is inert,

170-

180 °C.
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with the orientation, and hence
es. It is obtained most readily
e rubber latex at room temperature over

vith sulfur dioxide for 10-15 minutes at
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more than ordinary

d 0.50% nitrogen

as protein; deproteinized rubber has only about 0.07% nitrogen. One trade-off occurs

protein matter in rubber accelerates cure so that deproteinized rubber requires more

acceleration.



Treating natural rubber latex with a bioenzyme, by hydrolyzes the protein

present into water-soluble forms, makes deproteinized rubber.

Epoxidized Natural Rubber (ENR)

Epoxidized natural rubber "S‘ prepared from latex with performic acid. The latex

i ’ #/rmic acid and hydrogen pcroxide are

ifferent periods of time, depending
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q]ithlﬂW i ‘.1 W fjf ‘ in, (alh' is process on the
laboratory and industrial sca emye sim:I:st recipe 5or an emulsion polymerization
starts with water, surfactant (soap), monomer, and initiator. The system is agitated to
form an emulsion. Heating results in the production of free radicals by thermal

decomposition of initiator, and free radical polymerization commences. The end result

of the polymerization process is a latex comprising polymer particles, each containing
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many polymer chains. The polymer particles conétitute a dispersed phase in continuous
aqueous phase. These latex particles are typically 200 nm in diameter. They form a
colloid, stabilized against coalescence by surfactant, and comprise a new phase that is
formed early in the process. Thus the final result of an emulsion polymerization is a

latex: a polymer colloid, with water the continuous phase. The latex can be directly

/ r other applications, the polymer can be

weﬁzation) furnishes what in

principle is a method fo a late \\% with any desired morphology,
composition, sequenc I surfac \ .; molecular weight distribution,

(e.g. as an adhesive or surface

extracted.

Emulsion pol

is now presented: alist of ¢ n monomers and whete they arc used in commercial
products, of surfacta (iny sample of some of the huge
range of products of thi

ﬂum‘nﬂmwmm

a.) Monofhiers
"The major polymenzable component of an emulsion polymerization is a
monomer that is of limited solubility in water, and that swells its polymer. The
monomers used in emulsion polymerization are thus often of the vinyl type, CH,=CHX.
X may be CH,, CN, O,CCH,, Cl, and CO,R. The list of some common monomers is

given in Table 2.3.
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b.) Initiators

Most initiators used in emulsion polymerization are water-soluble. A commonly
“used laboratory and industrial initiator is potassium persulfate (K,S,0q, properly called

potassium peroxydisulfate), or other persulfate salts such as ammonium persulfate.

_ Hyls as a result of bond scission; the high

te is usually employed as the sole

Persulfate produces SO, anion

energy for this process !

At lower te system such as F IT) and cumene hydroperoxide,
or dimethylhydrop ulfate and metabissulfite, is often used. It is common

to perform industrial ion' I :- izations at low temperature: in the case of

Finally, it is po 1o employ. anj organic-phase initiator such as AIBN
(azobisisobutyronitrile) in an_»;wm polymerization. Oil-soluble initiator can be
‘ ot polymerization: e.g. in the

3

ene latexes, using AIBN and

preparation of largepa

water-soluble initiator p seed emulsion pvmerlzatlon Oil-soluble initiators also find
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Surfactant is used to impart colloidal stability to latex particles, which are the
loci of polymerization. There are three basic types of surfactant: (i) electrostatic

stabilizers such as anionic or cationic soaps, which prevent coagulation by electrostatic
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Table 2.3 Some monomers used in commonly by commercial emulsion

polymerization.[10]
MOROmer formula examples of common usage
styrene ingredient in artificial rubber (SBR — also used
in paper coating)
biitidiens em in artificial rubber (SBR — also

paper coating)

. W odifier (toughening of plastics),
tetrafluoroethy/ ‘ %&\\» afluoroethylene (e.g. Teflon®)
< 1 Ding

lient in fluoropolymers, e.g. Viton®

| ) \\\ tate (PVA) adhesive

vinyl acetate
‘ \ nt 1n paint

methyl methacrylate in surface coatings
or ingredient in paint formulation

-
-

itaconic acid M ni'in paint formulation

2-chloro-1,3-butadiene ‘. Ncopmne rubber (which has sulfur as co-
(chl B —
"ﬁ’ﬁﬂf ‘Vi%f‘if SNTINT
rubbery ingredient in surface coaungs
ﬂ ﬁ C—-C
u’ CO,C.H,
methyl acrylate H H co-monomer ir surface coatings, adhesives
C—C
u’ “co,cH,
vinyl chloride H H PVC (usually produced by suspcnsxon method,
See=c! sometimes by emulsion)

C1
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repulsion arising from the charges located on the particle surfaces and their associated
electric double layer. (ii.) Polymeric stabilizer such as partially hydrolyzed poly(vinyl
acetate), which stabilizes inter alia through the entropic repulsion caused by trying to
pack two chains in the same space, and (iii.) electrostatic stabilizer displays the

characteristics of both surfactant types (i.) and (ii.). Some commoner laboratory anionic

d.) Other Ingredi

It is often to mulsion polymerization: chain

transfer agents to co ¢ another usual additive, their
role being control p f surfactants and may also be
necessary to ensure reas ectrolytes may be added. Usually
with the aim of includin arti ity; since electrolytes may also have

the determental effect of prmggg_'g_g arti

pagulation, caution needs to be exercised
— -y I_l_,ﬂ_f -

in using them. It is-also common tc a chaser, =hiok.is means of reducing residual
monomer at the end-@ ically a chaser might comprise a
shot of redox initiator added late in the batch)
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2.4 Grafti opolymer
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‘A graft copolymer is a polymer comprising molecules with one or more species
of block connected to the main chain as side chains, having constitutional or features
that differ from those in the main chain, exclusive of branch points. In a graft
copolymer, the distinguishing feature of the side chain is constitutional, i.e., the side

chain comprises units derived from at least one species of monomer different from
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those that supply the units of the main chain.[11] The general structure of graft

copolymer can be indicated as follows:

AAAAAAAAAXAAAAAAAAAAAAA

Where a se m " unif rred to as the main chain or

backbone, the sequen ‘the side chain o ' graft, and x is the branching point

Graft copolymer : V- catl ing a post polymerization of vinyl monomers

such as styrene, acryloni e, ¢ : late either independently or as a

0

2.4.1 Graft Copolymer of Natural Rubber

The uﬂau gﬂaﬁ?ol]y;ﬂnng Inﬂylﬂrze as means of modifying

/s
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copolyimerization, by analogy e botanical term, refers to growth of a “branch”
of different chemical compositions on the backbone of a linear macromolecule.[7] The
importance of these types of polymer structure is basically due to the fact that polymer

chains of different chemical structures, which are normally incompatible.
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Synthesis of graft copolymer from natural rubber has been investigated in
solution, latex and oil state. These graft copolymers were prepared by radical
polymerization, metalation with lithium catalyst and living anionic polymerization
followed by ene-reaction.[11] Reaction involving free radical has been the most widely

applied mechanism in grafting processes, and such reactions have been used with a

wide range of polymers and mon ._,,_‘
In the case of graf .’~§“ to natural rubber, the use of the

following basic method Syl orted (i) polymer transfer; (ii)

copolymerization via redox polymerization; (iv) photo
chemical synthesis; and (vi) high energy irradiation

techniques.[13]

In the free radical polymerization, chain transfer is an important reaction. Chain

transfer to monomes, mecaptan, solvent, o ving-chain can take place. When a

I

chain transfer reaction to |

“feates a radical, which acts as a

site for further chai.nm'owth and g m
R, ﬁauﬁ NYNIHEART 0
+MY (transferto monomer) 2
q W’lﬁiﬂ §MNMM1’1MEJQ@ too
Rr +8§ —%» P +§ (transfer to solvent) (4)
R +P —» P + P (transfer to polymer) (5)

R '+ R’ —» P + R (transfer to polymer radical) (6)
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In each of these generalized mechanisms the reaction proceeds by transfer of a
hydrogen or halogen atom of the transfer molecule to the growing polymer chain. The
growing chain is therefore terminated but the free radical activity is transferred to the
molecules donating the hydrogen or halogen atom. In this way a number of polymer

chains are formed from each initiator fragment and each chain so formed in the absence

(ii) Copolym

The addition of gfo ated groups in natural rubber

hydrocarbon has already cen-referred 40 as part of the normal grafting process,
Sxa ,

Equation (8), accompanying het ion, Equation (7).

e
- e — -

(7

o -
~CHy— C=CH—gHp—+ R — o CHy—C—C—CHy— + RH (7

-cuzjéfnﬂ’l qﬂﬂﬂjw ﬂ" ﬂi— -—CH2 ®)
q RIAINTU U Eﬂﬂ d
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(iii) Redox Polymerization

Redox polymerizations are among the most popular techniques for grafting
reaction, and of the possible initiator systems. A prime advantage of redox initiator is

that radical production occurs at reasonable rates over a vary wide range of

temperatures, depending on the pa l“l,r edox system, including initiation at moderate
S\
temperature. @ /‘(/".

In redox polyr@ hyd_’_hpe@milar group is reduced to a free

radical plus an anion, w

state, and at the same i is added. When the reducible group is attached

a few hydroperoxide groups % which can take part in grafting
reactions.). Recentrifuged la;%%%c_‘ " mixed with methyl methacrylate and a
solution of tetraqtlﬂilene p;.t;;rl;e is y a small quantity of ferrous
sulfate solution. omogenized t nd, often overnight. The graft

copolymer is isolated by coagulation. Since practicalm all free radical sites are formed

¢
on the mbbﬁﬂﬂe?mitmi%ﬁeg methacrylate) in the graft
system. On the other hand, some rubber chains are without grafts, since not all chains
T\
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the ménomers to dissolve in, and equilibrate with, the latex particles before adding the
amine and ferrous ion initiator. Passing oxygen (air) through the latex for several hours
has been claimed to reduce the free rubber content of polymerization product, but
nitrogen purging is then necessary to prevent the dissolved oxygen from acting as a

polymerization inhibitor.
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2.4.2 Natural Rubber-Graft-Methyl Methacrylate

The chemical modification of natural rubber by grafting with vinyl monomers
using various initiator systems has gained considerable importance in modifying the

properties of natural rubber. For natural rubber, research has confirmed that methyl

methacrylate and styrene are the L‘Tr able monomers when polymerized to give a
2\ |
high level of grafting. \\\\:\% //“Z’

mqjiﬁé@bber has been marketed since the

\hs MM, was a simple mixture of

Poly(methyl m

mid-1950s under the trade i eap

poly(methyl methacrylz ) atural rubber prepared by combining natural rubber
: = ", \

latex concentrate with of po ethyl mathcrylate) dispersion to

l-',..-#'a‘,.-”}.-, =t 2 :',:;
system), the reaction is essentially

cgg e product is coagulated by

ntaining 0.1% d then sheeted out and dried.

adding boiling wa

The first of these typa
¢
has been pro ﬂﬁﬁjﬂmﬁ [ﬂdjﬁon in Malaysia. Various
levels of mﬂ; cation ¢ e achieved ac iI:J o the proportion of grafted
¢
poly ‘ ! is alt &
TR T AN T
«Th i G have been reviewed, with

e properties and application of Heveaplus

never appeared to be of commemial interest, but the grafted type

particular reference to latex preparation procedures and use of the modified latex. The
Heveaplus MG materials have been used in two general ways. The first, and probably
most importance in terms of current consumption, is as solution or latex-based

adhesives or bonding agent to bond rubber to poly(vinyl chloride), leather, textiles, and
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metals. The second is in the manufacture of hard rubber products and blends well with

natural rubber in all proportions.[15,16]

2.5 Literature Review

1 methacrylate onto natural rubber using

The graft copolymerizati

V™" as the initiator was i al [17] 1t could be seen that as the

thereafter it decrease : centrati V> ion on grafting of methyl

methacrylate onto 1 sd “that i Asing [V5+] up to 0.035 M was

accompanied by a si d while further increases in its
concentration caused a With increasing temperature, the
percentage of grafting ased, Tt died the graft copolymerization of
methyl methacrylate onto _crepper | bber using potassium peroxydisulfate

wide range of polymerization

time. The percentage of grafting was maximum at 5 hr, the peroxydisulfate

concentratloﬂwu ﬂ (J lﬂcﬂzw ?Wﬂtﬁ']»ﬁﬁoncentratmn was up to

6.0x10° M.

RN HMBE
q ours:lnaandth]name ]yu ied comp051te atex particles based on natural

rubber latex. It has been synthesized to yield materials, which may be formally regarded
as interpenetrating polymer networks, and semi-interpenetrating polymer networks.
Methyl methacrylate has been added to carefully stabilize natural rubber latex and

polymerize in situ using an amine-activator initiator, tert-butyl hydroperoxide. The
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morphology of the materials was determined both by transmission electron microscopy

and by dynamic mechanical analysis.

Graft characteristics and solution properties of natural rubber grafted with

methyl methacrylate copolymer in MEK/toluene using benzoyl peroxide as initiator

: ' a.[20] An increase in the concentration of
\ ' | “)nitiator decreased both the graft level
casey the moleCular weight of the copolymer. An

creased the g el to a constant level when the

methyl methacrylate at a given |
and grating efficiency
increase in the conce

benzoyl peroxide conceafration’ e C 10" M. Dilute sclution theory applicable

Thiraphattaraphti; al.f‘iiﬂ. 1 " fting of methyl methacrylate

"?.':":.; .-«; V.. y o e,
monomer onto natural mbefe@ng_p m persulfate as an initiator. The effects of
A Rl i o
5 rrs o WA S . .
the initiator conceffatlon, feaction tempe onomer concentration, and reaction
i . \
time on the monomer conversion and grafing efficiency were investigated. The

grafting efficiency 1«  at inif itor concentration of 0.75 phr.,

reaction temperature §52€ and reactionatime 8 hr. The morphology of the grafted
B UELANANIN A0 T iy s ¢ v

confirmed that the graft copol efization was aﬁrface-controllid'Erlocess.
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Fukushima et al. [12] studied the graft copolymer of highly deproteinised

natural rub

natural rubber latex (HDPNR) with styrene using tert-butyl hydroperoxide/tetracthylene
pentamine as an organic redox initiator. The styrene content, grafting efficiency, and
molecular weight of grafted polystyrene were significantly increased by

deproteinization. The number of graft sites for graft copolymer from HDPNR latex was
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about three times larger than that determine for graft copolymer from untreated natural
rubber latex. The difference between the behavior of HDPNR and untreated natural
rubber was due to the removal of protein and naturally occurring antioxidant present in

untreated aatural rubber latex.

Schneider et al. [22] studi aft copolymerization of natural rubber latex

with methyl methacrylate | operoxide/tetracthylene pentamine or

tert-butyl hydroperoxi@ani]"me m;tiator. The morphology of the

resulting latex interp rized by transmission electron
microscopy and scanni i py. nt staining methods increase the
contrast between the d- olymers in the composite latex

particles.

The grafting of ' p

studied using benzoyl p ro:f%l iafor Was studied by Egboh and Fagbule.[23]

Graft copolymers

. g A . . .
Eﬁere isolated from ho 10 ers by selective solvent extraction
i i

using a soxhlet apparatus. The effects of reactio: drtions on the graft yields were
investigated. Kineticmtudy of aft erigion reaction showed that the

reactions followed the domventional kinetiébehavior of free radical polymerization. The

kinetic order@hfu uggwﬂmgﬂ&MJOmer were 0.5 and 1.0,
respectively, The overall activafion energy #or the ft €epolymerization was
3 TANN AU U1 INY Y

Camedon and Qureshi [24] studied the grafting of styrene onto polyisoprene
(PIP) in benzene solution at 60°C. The polymerization of styrene at rubber
concentration up to 0.5 M shows ideal kinetics with on retardation by PIP. The

proportion of polystyrene incorporated as graft is independent of the initiator (benzoyl
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peroxide) concentration and was found to be consistent with the kinetic expression. The
graft fraction of polystyrene, which is higher than in corresponding styrene-
polybutadiene system, reflects the higher reactivity of PIP toward radicals. Azo-bis-

isobutyronitrile produces no graft copolymer in this system.

emulsion polymerization of natural rubber
ﬂ formation of graft sites on the
polyisoprene backbone oted b&vinyl neodecanoate(VeoD). Two

different redox sy en OX1 HPO)/tetracthylene pentamine

(TEPA) and tert-bu ‘/// 0X \\‘\ were used to initiated

polymerization. CHPO { L 0 be m ent than TBHPO for grafting of

Lee et al. [25] studied the

grafted with poly(methyl

secondary polymers in miodified. orafting was enhanced considerably in

the presence of VneoD.

Lehrle and Willi Studied the- t of the presence of small quantities of

P Tl
vinyl acetate (VAc) on the efficic y of grafting methyl methacrylate (MMA) on
i‘ : )

natural rubber ( Ry motecutes in fate:
examined, and theﬁn’tia 0 oni tn'le_ﬂ}vas added to the systems to
promote the formation®f-VAc radicals. There is good evidence for the formation graft

copolyrmer %L%%J cog ek bk, ol e fes | b hat the grating is ot

significantly affected bﬁesence of VAc. It is proposed that could be due to the fact of

e ofthlibe kiiot & hocade b e ol e sibilor v,
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