CHAPTER I

INTRODUCTION

1.1 Natural rubber

NearlyVZOOO rubs or vines of the

tropical and tempy‘ e latex from which

natural rubber or \\\: substance can be

~obtained. Howeve \\
.‘nmerclal source of

tree of Hevea

brasiliensis is the

natural rubber. The o the Amazonvvalley.’

Naturql rubber to the inhabitants of

South  America -———aa_m;v;,er Columbus is
. : | ;————“——“" T4
considered to be li} . : omdiscover it during

h1s second voyage 1qr1493 -6 [1, 2
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Rubber was introdgced to the western world by
Charles &mq&ﬂﬂimqul}mﬂq a)ﬂrance from
Peru in 1736: and published the results of h1s observations
ih 1745 B§ thé end of the eighteenth century, Europe and
America wére'using a few tons 6f rubber per year. Hoﬁever,
users found it difficult to work with solid rubber.

Moreover, articles made from natural rubber turned sticky




in hot weather and stiffened in the cold.

Two important developments in the nineteenth
century enabled these problems to be solved and laid the

foundation for the multibillion-dollar modern rubber

, invented a machine called
)/ﬂ rubber to be softened,
haﬁodyear discovered the

heatlng a mlxture of

industry. In 1820, Thomas
the "masticator” that I
mixed and shaped.
process of vulcaniz
rubber and sulf Athat had much better
properties than th
Soon a vari from rubber started
t.o come into the gtzand 7 ' demand of rubber grew
rapidly. Exports ";ﬁ fé : reased from a few hundred
tons inl‘;845 t§=pimost 10,000 CORS —DF "880 It was sogn
apparent. that Bfﬂr ‘ v to meet future
demand. The Brltlsy onsidered the pos51b111ty of cultivating

rubber in ﬂ%ﬂ@%’l@%ﬁ%ﬂ%ﬂﬁgs e i

distributed 1n Asia.
ﬂW’Wﬁ\"Iﬂ‘i‘m UNINYIAY
The land used for rubber cultivation and the
production "of natural rubber has grown steadily as
expected since World War II. In 1983, more than 7.5
million rhectares of land in the world were under rubber

cultivation and about 4 million metric tons of rubber were
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produced. The Southeast Asia region ‘accounted for about
80% of the total production. Malaysia was the biggest
producer, followed by Indonesia and Thailand. The world

production of natural rubber is shown in Table 1.1.

"Table 1.1 World producti~i natural rubber (1983);

(’000)

Mala
Indon
Thailand

India

L1beq§a
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Source: IRSG, Rubber Statistical Bulletin 38 (12), 2, 1984.




s P | Properties of raw natural rubber

Natural rubber latex consists of particles
of rubber hydrocarbon and non-rubber constituents suspended

in an aqueous serum phase. The average dry rubber content

of‘latex  may range betwveen 30 % and 45 %. A typical

composition of fresh

Table 1.2 - Typic

Composition” Dry rubber , %

Rubber hydrocarbes—— 93.7
Protein 232
Carbohydrates 0.4

e WBUEINENENEING -
Glyco os ohplﬁs a 0.6 | e 1.0
fsji SERURIIEY e (R

Others 0.4 0.1

o

wWater 58.5 -




1.1.2 Physical and chemical properties

The chemical constitution of natural rubber
has, since the nineteenth century, been the subject of

research done by many famous chemists including Faraday

who found a component eor bgnding to CsH,. The rubber

hydrocarbon in fres is almost completely

soluble (more than ents such as toluene
and tetrahydrofu 4 oY .'MRK structure of almost

100 % cis-1,4-pg

’*d'

X-ray analysis"@
of rubber can be éﬂLlalned on the long

ese views and most

of the propert 1esm

m“““ﬁﬁﬁ’l“l’l tlm"wmm
AP VEARSE L A SR o o

rubber m8lecule, based on classical theories and studies
on macromolecules, has shown a figure of 200,000 - 400,000
i.e., one molecule would consist of 3,000-6,000 isoprene

units.
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1.1.3 Non-rubber substances

During the preparation of dry rubber, large
quantities of the water-soluble non-rubber substances are
lost, but most of the lipids are retained together with

more than half the and small quantities of

inorganic salts and . tances. Each of these

classes of non-rubbe rbsta ists of many individual
substances. They _ -"'Hcon51st of mono, di,

and triglycerides and >3 esters, tocotrienols
and their esters glycolipids and

phospholipids. \ contains more than

\\:\ e of these non-fubber

properties of natural

100 individual chemi
substances greatly
rubber, in both the faw an canized states.

Thﬂ DT es _ eﬁ' by the non-rubber

substances are sumqa ized in T e 1.3 E11.
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Table 1.3 Properties of natural rubber influenced by

non-rubber substances

Property Influence of non-rubbers

k&jts as substrates for

.......,- lm leads to increase

Latex stability

Color p gllow Caused g-carotenes.

Cure d some proteins are
erators; fatty acids
A | . A
Oxidation Eﬂ : BT e w:tural antioxidants.

& =~ Copper, apnganese'and iron ions are
73 AT
qp P D)
' Y
Storage hardening Protéins and £ree amino @eids react
o WIANNR AL LN VNEL...
q
Crystallization Unstrained crystallization rate
increased by stearic acid, some water-

soluble substances retard rate.




Table 1.3 <(continued)

Property Influence of non-rubbers

ents of proteinsvand ash lead

y//usorption, which results

Creep and stress High r!,\

stress relaxation in

Modulus

Filler effect llers One part of

ent to 3 parts of

Heat build-up the Goodrich flexo-

decreased by fatty acid

Tear strength ID

Dynamic crack R951stanc8J1ncreased by proteins.

|erowtn ﬂ‘lJEl Vlﬂﬂﬁwmﬂ‘i
Qﬁqﬁﬂﬂim TR PREE




1.1.4 Product applications

wWith its wide range of useful properties,
natural rubber can be used in a large variety of
applications. The approximate usage of natural rubber

by products is shown i 1554 "E13;

Table 1.4 Use oducts.

Percent
Tire and tire prod 70-72
Mechanical goods 9-10
Latex products 7-8
._y__f_“‘A”"
Footwear gp A5
Englneerlng pro ucts 3-4
Adhemesﬂuﬂ’awmwmr's
Others | a Y, I 2-3
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1.1.5 Natural rubber in Thailand

The data from‘ the Industrial Economics &
Planning Division, Ministry of Industry [3]1 showed that
in 1982, Thailand produced 562,210 tons of natural rubber

and exported 546,689 ton

‘ of 97 % of total production.
The remaining 3% was ” W country. Since it is
uneconomical to tra ‘ ' séleld latex over long
distances to COIV, . He" normal precedure is
~
f )T €

to .change the 1 1ipment . Therefore,

4 _\\t::?\oeen collected from

orms of rubber, i.e.
AN

rawv sheet,Asmoked et logks: \-e‘; crepe rubber and

after the natural

the field, it is ¢

concentrated latex. She At arious products- made from

different types pf ru:é§§§@¥£§

as shown in

‘are produced in Thailand

-5
AY )

9
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Table 1.5 Rubber products produced from different types

of rubber.

No Products Types of rubber
1 Mould foams fo u‘,ﬁw” : Concentrated latex 60%
2 Elastic thrdlm;; ‘ = Smoked sheet
| underga y
3 Toyballon ,“ H&centrated latex 60%
4 Inner tub | oked sheet,
vehlcles I
5 Belts oked sheet
6 Rubber shbe Scraps of smoked sheet,
smokedlsheet, block
iﬂ“ -fgi f crepe rubber
7 Battgry iﬁc'- m%’éd sheet
8 Spére partg‘aor automoh}les Smoked sheet
o [roefilddbed V) 8‘7]‘5 Wil Bneet, soraps of
=frubber sheét
ry '
10 1ng a\a(ﬂ ﬁm uwr] q (I]H:]J@eﬂ scraps of
crepe rubber
i1 Wheels Scraps of smoked sheet
12 Medical devices, electric Crepe rubber
goods, furniture upholstery
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Table 1.5 <(continued)
No Products Types of rubber
13 Adhesives, adhesiv T Smoked sheet
footwear
14 Condoms (CoOnt i '~ oked sheet
rubber d( ‘
41"5”’f \ P
15 Spare par ‘ ‘1. icraps of smoked sheet,
\Heck rubber
16 Household g y ples '\anentrated latex 60%
17 Golf balls '\u-ber sheet
18 Spread foam #carp Concentrated latex 60%
19 Rubber sponge Concentrated latex 60%
20  |Rubber_ Miflgs g -.,,. sheet,
\ - )
‘2;, '
Source

‘ ﬂ%&l’}%m‘}?%‘%ﬂsﬂﬁm' e

omlcs & Planping Division, Mini y of Industry
2 Pl ¥

quﬁﬂﬂ‘im AN1INEIAE
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1.2 Liquid natural rubber (LNR)

As mentioned abové, natural rubber can be used
in many applications, but there are some applications

ﬁhich ﬁre not. possible with solid high-molecular-weight

binders, cold vulcanizing
/// casts and surface

rubbers such as adhesi
mixtures, manufactuz

cast ihg mater ialsF

or chemical tre

pared by mechanical

“;tion has been utilized
for processing.~ sinee 'fge middle of the
nineteenth centﬁiﬁ. ﬁjéatment of rubbers
is called mastlcq}lon, a te B derived from the Latin word

sasiare -f§ LR NUNEN Y VAT arsen o

on roll mllls or in the plasticater (1nter 1l mixers). In
o oPhsbied b {led B ibhdd 1A% EJ’A@ Eheorease: 1a
the average molecular weight of the rubber, thus increasing
its plasticity. Typical results demonstrating thé decrease
in the molecular weight as a function of the mastication

time are shown in Figure 1.1.




Fig

14

Mw x 10~

. (min)
U

L1 ﬂ%ﬂ%ﬂﬂﬂﬁﬂtﬂﬂ‘im an internal

mlxer in the l'presencq-_-.pf air atyy 52 °Cc and the

’QWI@&HﬁMNW)’J NEAR L o cor.
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Under mastication, bond scissidn-is assumed
to occur in the main chains leading to allyl type

radicals.

?Ha , THS air ?H ?Ha
-C=CH-CH_-CH_-C=CH- + CH_-C=CH- (1.1)

In an inert atmos eatment readily leads

to intermolecular‘ 5587 inki %chlng and crosslinking

become feasible D GO of macroradicals,

formed according #0C 4, 5}ff. above, with double

bonds of other

I
CH, CH,
l l
~-C=CH-CH,-C-CH, (1.2)
I
- CH

§ T
| Hastlcatloﬂ uaﬂ’a 'ﬂ%ﬂe@ Wﬂ 'qxﬂa‘j conditions which

prevent crossllnklng, ise. in he presengc o radical

scavoitfort. | Gl Ghdideaihr QM&L’W (TR

is sufflclent to completely suppress gel formation.

017708
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1.2.2. Chemical treatment

The first 1liquid natural rubber was
produced by 'K.V. Hardman [51 in 1923 . The studies of the
development of a method to obtain low molecular weight
bber have been continued by

%R.A.P. and I.R.C.A. in

France. The chemi ; ;of LNR is based on

polyisoprene from

the researchers'
chemical oxidative ural rubber (in the
latex phase) usi redox system used
is composed of organic peroxide,
perhydrol and atm
such as sulphani
depolymerization r _Qﬁ;:f - :: place in an organic
solvent or directly For economic and
operating rea!oxygen system has

been chosen to E}o-‘~ uﬁrl rubber in latex

phase. This reactio is hematically represented in

Figure 1.2 ﬂuﬂqqﬂﬂﬂjw&l’]ﬂﬁ
QW’W&\"IﬂiﬂJ URIINYIRY




Natural rubber

ﬂ‘HEl’JVIH‘VIiWEI']ﬂ‘i

Fig 3.2 Natural rubbef depolymerization

o Wb ifdatle /LI G

Eigd1un
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1.3 Copolymers (6-101]

The simultaneous polymerization of two or more
bifunctional or bi-bi functional monomer systems,
each of which 1is «capable of polymerizing by itself

ss called "copolymerization,"

/// olymer. For example,
@leldually undergo

'ngadily - copolymerize

(homopolymerization),is a

and the product
styrene and
homopolymerization:;
in such a way that i ; Wglc ndomly distributed
along the “chain H = h}‘ “\\ing both the kinds
and relative amodntg o 1&); tvo, onomers used in the
copolymerization, ' products, may be manufactured

with a considerab SPT a': | i , physical and

or ‘even more mzﬂ with radically

different structuqfs and che 1cal composxtlon

ﬂﬁtl’él“flﬂﬂﬁﬂﬂ”lﬂ‘i

For copolymerlzatibn of ftwo bifunctional or two
bi-bifuﬂtmaﬁﬁmeﬁ mugﬂ q’g mﬂe’;]ﬁ ﬂour types
of copo?ymers. These represent ideal models that are
not always obtained in practice. They are defined and
illustrated schematically below, using symbols A and B

for the repeating structures:
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(a) Random copolymers. The wunits A and B recur

in randoi length sequences along the polymer chain.
-A-B-B-B-B-A-A-A-A-B-A-A-B-B-B-A-A-B-B-B-B-A-A-A-B-A-B-A-

(b) Alternating olymers. The units appear in

thé chain of alter

(c) ymers. L-\\\nits appear in long
alternating th.
~A-A-A-A-B-BB-B~A-A-A-A=B-B=B-B-A-A-A-A-B-B-B-B-
d) units makes up

1
| &

the main chain, ﬂr- 2EFts appear in short

branches grafted‘-to this c in.

ﬂ‘lJEl’J‘l’lEWlﬁWEI’]ﬂ‘i

'-A-A-A-A-A-A-A—A—A-i-A-A-A—qnp-A A-A-AvA-A-A-A-A-A-A-

{EIINIUNMIINEDRY

A
|
B
| l
"B B
l | &
B B
| |
B
I

—w - —w—
=<
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The process by which a polymer is synthesized or
modified is the most importan£ step in producing a useful
polymer. Since different polymeric materials can result
from polymerizing the same monomer by different methods,
the‘ different types of copoiymer can be obtained from

different polymerization

cesses. - In this thesis, only
’ is presented in more
detail.

The olymer requires the
formation of a polymer molecule
in the bresence , ‘;,.EJiQ} Ao cnar. Mot mbbbude
of synthesizing _involve the wuse of
radical polymeriza ___iii t 3 ionic graft copoly-
\ 7 attention. Graft
copolymerizat ip. __‘ﬂ__:'_‘ sither a homogeneous
or heterogeneouiﬂé&a~ 'oqu whether the polymer

being grafted to; soluble insoluble in the monomer.

ﬂ‘lJEJ’J‘VlEJWﬁW?JWﬂ‘i

%ﬁ%hods of synthedﬁ21ng graft copoltﬂers
1.3.1 Radical graft copolymerization

1.3.2 Ionic graft copolymerization
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1.3.1 Radical graft copolymerization can be

divided into 4 types.

(a) Chain transfer and copolymerization

The olymerization of a monomer

peroxide can result

icR1 won on the polymer

backbone. After 1uffﬁ5 are formed by chain

using an initiator s
in grafting due
transfer between and the polymer,

)olymer backbone then

the grafting of

occurs, for examp tyrene monomer onto

1,4-polybutadiene.

-CH_CH=CHCH,- + ~ HCH,~ + -CH_CH_¢ (1.3)

-CH-HCHZ— | (1.4)
AU INENINE TS
ARIRATWUNTING 1A Y

Polymeric radicals can alternately be

~-CHCH=CH-CH,_- + nm-lz=CH¢

produced by the irradiation of polymer-monomer system
with 1ionizing radiation, for example, the grafting of

polyethylene with styrene monomer.
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radiation

.

~CH_CH - —> -CH_CH- + H (1.5)

— . — = —-——-———-} - - '
CH,CH- + nCH_=CHe CHZ(IJH (1.8)
(CH,CH®»—

1.

can also be

achieved by irra ‘ot ononer system with
ultraviolet &' \\- the presence of a

¥ VALY

\t, inone or benzoin.

photosensitisizer

Uv-initiated graft QE ally 1limited to surface

modification of a poly: %% LU/N

P

|

ﬂ U TR REWH M Foon e esosons

of 1n1t1at1ng graft  copelymerizatden. Hydroxyl-
contalﬂnugﬁﬂn‘\imﬂ ufqumﬂamc&l cellulose
and starch undergo redox reaction with ceric ion or
other oxidizing agents to form polymer radicals capable

of initiating polymerization.
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~CH_CH- + Ce"* > “pH ~0= * B % Oe 211
l |
oH OH

Redox initiation usually results in

grafting with a minimum homopolymerization since only

i formed ( eq 1.7 ). It is,
W\ %—;tain ing the necessary
functional group @l—containing polymer,

polymers with and  nitrile groups have

been found to inif 'on with appropriate
oxidizing or redi \

the polymeric radical

however, limited to

opoiymerization is an
rgdcess. A variety of aft copolymers can

be ;pot,entiallyw_ s@ng this process in

interesting p

greater quantlyles than that by radlcal initiation

processes. (| UHGNBBINHART v wino 5o

used--including alkene, fcarbonyh and cyqjlc monomers.
Howevgq,wrila Qﬂ immg qmweil aaigllt to form
the polymeric anion or c‘atiqn necessary to initiate
graft copolymerization compared to forming a polymeric

radical.
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Ionic graft copolymerization can be
divided into two types = (a) anionic initiation and

(b) cationic initiation

(a) Anionic initiation

~a polymer by treatment

with  strong the reaction Vof

is
-CH,CH=CHCH - ~——> ) “CHCH=CHCH _ - (1.8)

or polyamide with

t Y]
-NH-CO- = : (1.97
Bither mﬁ ‘Hr&ll’& wamw Bhid | Ghn initiate the
graft copolymerlzatlon mepnomer suchs as styrene,

foml@lﬂm &ﬂﬂ S04 m kb fond Bl

Copolymers of acrylic acid or ester or
other polymer-containing carboxylate groups have been
used to initiate graft copolymerization. Coupling of

polymers to form graft copolymers can also be accomplished




25

by nucleophilic substitution. The reaction between living

polystyryl carbanion and poly(vinyl chloride) is an example.

-CH_CH- + -CH_,CH¢ —————>  CH_CH- (1.10)
I I
gl CHoCH,, -

ion has been formed

by reaction of 2 - F\ u\\'ng polymer such as

poly (vinyl chloride 4 QO ;iﬁg\xxed polystyrene and
chlorinated polyB &@’Jﬂ With \alcl, , BCl, , R,AlcCl

or . AgSbF_,

' r +
~CH,-CH- + AgSE e Ot -CH_ CH- (1.11)
| Y o A
cl
-cu, Eu- + ﬂ%&l’&%ﬂ&l%ﬂ‘i (1.12)

- CH CH¢§J
The polymeric carbonium ion can initiate
the polymerization of isobutylene, tetrahydrofuran and

other monomers.
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1.4 Graft copolymerization of natural rubber with vinyl

monomers.

Graft copolymerization of natural rubber with vinyl
monomer onto natural rubber has been investigated by

many researchers [9-101].

’Fhe earliest recorded attempt

/y/aolymerizat.ion with vinyl

ﬁ and his coworkers in

materials which were

to modify naturall
monomer was

1938. But - the
obtained from y1l monomer (especially
styrene) onto j ed nat A, rubber began to appear
in the 1930 s. ‘ methyl methacrylate
(MMA) in rubber peroxide (BPO) as a

catélyst was : out. the same time. More

successful effected by wusing
water soluble.‘catalysts such as defgulphates or organic
hydroperoxide{ ?ﬁction can be carried

solid form, in i solution” C(either in

i o] LF2)) # Eﬁ‘l‘ﬁ AP Tor o tatex.
o el e DALY %T}Woﬂ’] @rﬂeeded in the

presence of rubber under a glven set of conditions does not

out with rubber 1n

necessarily signify +that combination has occurred only
between the +two components, since the monomer can be
obviously polymerized gquite independently. However, the

intermediates involved in vinyl polymerization are highly
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reactive both towards the double bonds and towards the
relatively 1labile a—methylenic C-H bond presented in

natural rubber.

The successful grafting of vinyl monomers onto

natural rubber involves creation of free radical on

This can be achieved

of all these the ¢ ical method has attracted
most attention in graft copoly-

merization of typi natural rubber

has been studie ‘ fj s benzo peroxide as the
initiator.

Mishra carried out graft copoly-
merization of.nat : © ising—~benzoyl peroxide as

an initiator w1ﬂ| o'moiners, namely methyl

acrylate, ethyl ‘acrylate : and butyl acrylate, and they

e compﬁums%%t;wg'}m aosinerss Hoat)

results sh wed that gthe eactivity of, these vinyl

sononcab Vluek§) Wit ed bl URIINYVE Yroer

-ethyl acrylate > butyl acrylate > methyl acrylate

The method of irradiation grafting of methyl

methacrylate monomer onto natural rubber latex has also
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been studied [121]. Irradiation was carried out using
a Panoramic Co-60 Irradiator, 55 kCi activity. The
physical properties of the product ( tensile strength,
modulus, elongation at break, etc.) were measured and
compared with the product obtained from the conventiohal
olyamine initiator. (The major

%ﬁgld of adhesives.) The

nt with the results

"f_i--fthg of natural rubber
5 u !

method using hydroperoxid

use of this product A
experimental resu l&
of several s'(.udie'_"s?--mmm-r

using conventiona

Recently,
natural rubber U;ZQ, qusing redox systems has
been reported. ‘ 3 Qi,‘,fﬂ eagues have investigated
- the graft copolype;%%@@@o?i; “.natural rubber ﬁith methyl
methacrylate \O(EEES f redox initiator-
quinquevalent viﬂ;- ”|a6etonate complex of
manganese (III)‘ rlais pot ssium peroxydlsulphate1311ver

ST IS (R T Sp—

anlllne/cuprlc ion [171. ¢The feat es of stuéy included the
orceld Mir mmmmm Haithab 88 Boncentration,
reactlon temperature, reaction time, etc. on the extent of
grafting. The results manifested that the grafting

efficiency was strongly dependent on the reaction conditions.
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Although a number of processes for graft copolymeri-

zation of many vinyl monomers onto natural rubber using
the metal ion redox system have been investigated
previously, 2-ethoxyethyl methacrylat.e has never been used
for grafting oﬂto natural rubber. 'i‘his study involves

the graft copolymerizati

of 2-ethoxyethyl methacrylate
onto natural rubber imethyl aniline/cupric ion

as a redox

1.5 Background ag

The prelim patural rubber and its
applications as p; ; {u di bed reveals that Thailand,
which ranks third producers and exporters
of natural rubber, F'J;{‘: Production of rubber products
(‘ébout 3%) . or ( products (shown in
Table 14.5), xm produced for both
do'mest,lc use ang export. Table 1.6 shows the exported

value of a<ﬂau H ’a w EW§WH qtﬂ‘jadhesn/e imported

is larger than the amount exported, as the, data shows in
TableQ.W%aq;;.Lsmrulmqgrm&:’llayﬂhe Southern
Indust:ial Economics Centre, Industrial Economics & Planning
Division, Ministry of Industry, is that Thailand’s import
of adhesive is due to poor quality of locally produced
rubber adhesive, i.e. long drying time and poor adhesio-n

property. So Thai adhesive cannot be used with materials
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requiring strong adhesion power. At present, the development
of adhesive production is 'being conducted by the Natural

Rubber Research Institute, Department of Agriculture.

It is expected that the investigation of graft
yvethyl 'methacryiate onto

";;;.jff choice to modify the
ﬂe for improving its

copolymerization. of

natural rubber may

chemical structure

S~

J r
I\ ﬁ‘ﬂ&H:E

ell as the wider usage

adhesive property. means to develop the

processing of adh

of natural resour

AULINENTNYINS
ARIANIUNRINYIAY
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Table 1.6 Quantities and value of imported adhe:
Year 1982 198

Country Quantity value Quanhity' a e
Japan 41,203 |3,419,998| 59,033
Republic of
Korea 6,119 250,778 85,025 #%
Malaysia 41,563 |1,168,435} 52,065
Singapore 1,608 39,504 1,084
| Taiwan 149,215 |6,204,257|166,905
France 214 31,9039
Federal Republic
of Germany 11,424 184,625 1,40
Sweden 41 8,959
Switzerland 50 10,024
United Kingdom 5,598 336,130} 5
United States :
of America 19,193 11,355,813 £31731

f‘" = =

q‘ (A

q

’/%/ed by countries from 1982-1986

AN
| \
\ 222

926,826
020

IR

1985 1986 -
Quantity Value Quantity Value
42,473 | 4,626,689 26,797 4,467,115|

305,614 |11,760,937|359,082 12,579,212
9,904 279,892| 10,856 272,632
126 21,746| 6,740 338,213
158,260| 7,645,827|324,461 [11,544,423
17,412 593,365 2,143 130,603
;5" 1,298 205,660| 3,080 453,039
1,703 155,933 40 29,484

405 47,452 = -
yiiZST 514,902| 49,739 | 1,532,072
66,345| 8,425,714| 31,699 | 2,724,709

&

1€
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1.6 Aims of the investigation

1 e study the effects of reagents and
reaction conditions on the extent of grafting of
2-ethoxyethyl methacrylate onto natural rubber using

N,N—dimethyl aniline/cupr' redox systeﬁ.

To tes property of grafted

product with dif ext. ent. s ; grafting.
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