CHAPTER 1T

THEORY AND LITERATURE REVIEW

The birth of na datﬁ b@ﬁeenth century when Columbus
first reported that he jou

natives playing with a
The Hevea b¥ e of natural rubber and its

existence in the Amazo y Charles de la Condamine to the

French Academy in 1 native methods of obtaining
rubber from this tree used to convert it into useful
products[6]

Natural latex concentr ommercially available since about 1930
and subseguently l\f!f b& ufacture of a great variety

of products. Despite thei
of the relation betwegco N

and non-rubber materials, and the causes of variability in processing behaviour. Much

work has bed ddné E‘J‘@ pist bri tle nonubbet mafefialy of the field latex from

which the conceéntrate is derived, bu.t little has begl done on the wcentrate itself. The
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chemicalanalysis very difficult to study[7].

'hisﬂ especially true of the nature




2.1.1 Natural Rubber in Thailand

The data from Rubber Research Institute of Thailand shown that in 1995,
Thailand pfoduced 1,784,400 tons of natural rubber and exported 1,635,500 tons or
91.59 % of total production. The remaining 8.41 % was used in the country. Since
1991, Thailand was the biggest producer in world production of natural rubber,

followed by Indonesia and Mala Y8 1d production of natural rubber is shown
in Table 2.1. The area of Th , illion hectares employed for rubber
cultivation. In 1995 dn tons of natural rubber. It is

the natural rubber la ' eollectec ‘n m he fiel d, it is changed into many of
rubber, which are s ' ."- ' ral rubber latex was 60 % dry rubber

content by concentrati ' In"1998, it exported 168,200 tons to USA, Taiwan,

1,635.5

m 1,323.8
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Total 4,230

Source : Rubber Research Institute of Thailand
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Table 2.2 The different types of rubber in Thailand in 1995

Types of Rubber Content of Rubber (%)
~ Smoked sheet 66.42
Block rubber 17.06
Crepe rubber 0.18
Concentrated latex . _ 10.35
Air Dried Sheet. Wiz : 0.82
Others rubber | [— 517

Source : Rubber Research
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Table 2.3 Typical Composition of Fresh Latex and Dry Rubber [8]

Composition Latex,% Dry rubber,%
Rubber hydrocarbon 36 93.7
Protein 14 22
Carbohydrates 1.6 0.4
Neutral lipids \%‘ , // 24
S |
Glycolipids + \‘k L / 1.0
Phospholipids 0 : 0.2
Inorganic constituents 0.1
Others E
Water
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or concentration, is known as field
latex. In addition to the suspended mubbe
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than 0.05 p to abmms i1, it containg il

es, which range in diameter from less

il of easily deformable bodies

named “lutoids”. T “of a viscous aqueous solution

or gel of non-rubber materi of ammonia. The non -rubber

constituents eatest alﬁlwm field ﬁt are proteins, lipids,
quebrachitol ﬂ g m S‘ﬁ E‘l occur entirely in the
aqueous phase or serum the lipids are nearly all on,the surface omin the interior of the

wbberﬂr%’]a@ th ot e istbuted tiben ke dtuthand the rubber-

serum interface.
2.1.4 Chemical Formula of Natural Rubber [9]

The empirical formula for the natural rubber (NR) molecule appears to have
been first determined by Faraday who reported his findings in 1826. He concluded that

carbon and hydrogen were the only elements present and his results correspond to the




formula CsHs. Many years later Weber indicated that the natural rubber molecule was
unsaturated since it reacted with bromine to give a material of empirical formula
CsH;gBr,.

Ha;/ing established the empirical formula, the next step was to determine the
arrangement of carbon and hydrogen atoms within the rubber molecule. One approach

was to study the products of destructive distillation and this was done by such workers

as Gregory, Bouchardat and Greville Willi mis. Such reactions gave rise to a variety of
products but fractional disti -x i0 :
uniform composition, ¢

boil wﬂ °C and the second with a
boiling range of 175- V |

The first, isopre ave the formula CsHg which structure is as

follows
Natural rubber is a polymer of'iso ssentially all the isoprene units are
linked together at carbon atom d-to-tail arrangement, and in which all
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cis-polyisoprene
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trans-polyisoprene

Natural rubber is the cis-polymer which the stucture and unit cell of the crystalline
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Apart from the fact that natural latex concentrates are more uniform in
composition than normal latex, their chief technical advantage is that in the many
manufacturing processes involving gelation of the latex, their lower water content
results in higher wet gel strength. Because of this, the use of concentrated latices is

often essential. Four methods of concentration are used, viz. centrifuging, creaming,

eletrodecantation, and evaporation.
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a) Centrifuged latex

Most of the latex exported from the Far East is of this type. As carried out
commercially, centrifuging leaves most of smaller rubber particles,ie. those of
diameter less than 0.15 p, in the skim. Although these particles account for only about
12 % of the rubber by welght they contam a much higher percentage of the adsorbed

rubber content of centri

concentrate at same DR

and the creaming agent 1t el

concentrates.

c) Electrodecageci I e a—
In concentrates of this type, the proportion of small rubber particles is higher

than in centn@%@n@l%‘g Tidn in eaindd Intex. Concentration is carried

to 60% DRC. %proxlmately 0.1% of fatty acn&soap, added as a stabilizer during
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relativelyihigh mechanical stability of electrodecanted latex. The ammonia content of

the latex is also a little higher than in the other types of concentrate.
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d) Evaporated latex

Evaporated concentrates are produced under the trade-names T-Revertex and
Standard Revertex, which contain approximately 62% and 73% total solids
respectivefy. Such “whole” latices possess a smaller number-average and weight-

average particle size, a wider particle size distribution, and a higher proportion of non-

rubbers than the other types of concentrate. Standard Revertex is preserved with fixed

inyl chloride) (PVC) and
ment of rubber-toughened polymers

in the 1930s and 1940 addition of small amounts of
acrylonitrile rubber (NB erials. Over 1.5 million tons of
rubber-toughened PVC is e United States. The preferred
toughening additive for PS i diene rubber (SBR). Copolymers of
styrene, such as “ggr & ‘ aleic anhydride, have been

pﬂymers onto the elastomer.
Polystyrene is also toughened by the addition of styrene-butadiene block copolymers.

The art of - tdighdning pladtidé|bf 1 hadicil 5t elabtomers has been extended to

include acrylics,q-bolyoleﬁns, polyesters, acetals, gd thermoset. 'E}p impact resistance

o =% R RI TNV FINE) A Grfirsc owadione

elastomefic copolymers.

composites has beergir;nro e
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2.2.1 Acrylonitrile-Butadiene-Styrene

Styrene-Acrylonitrile copolymer (SAN) are transparent and brittle
thermoplasﬁc materials. The addition of rubber increases impact strength considerably,
as can be seen from the stress-strain curves determined by an instrument impact

pendulum (F igure 2.2)

temperature (-85 °C) thas
low-temperature impact str is Strem | equi ed mamly in refrigerators, and

to lesser extent in aut

¢ a Py, |
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Figure 2.2 Impact resistance of styrene-acrylonitrile copolymer and acrylonitrile-
butadiene-styrene[3].
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ABS are two phase! .%;?” h from TEM images made from
microtome cut films"stained by osmium fighre
nature of ABS whi¢hi/polyme :

contain relatively largé}mlusno

aterial. B&use of the appearance in the
images. The inclusions elarge the share of the rubber phase far beyond the calculated
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producers prefeiI the emulsion progess to the lklk, generally because the optimum
s AR B 1 ) il by e
polymeriZation.

In two phase polymer systems, the technical properties do not depend solely on
the technical properties of the pure components. In a complex way, numerous

parameters affect the technical properties of the final products. (Figure 2.5)
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Figure 2.4 Morphol NS or bulk [3].
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Figure 2.5. Molecular and morphological parameters that influence technical

properties [3].
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2.3 The Interpolymer [5,10,11,12]

The interpolymers (thermoplastic moulding composition) of both the matrix
resin (such as SAN matrix) and the graft superstrates (“elastomer phase” or “grafted

rubber”) consist at least principally of a monovinylidene aromatic hydrocarbon and an

ethylenically unsaturated nitrile, i.».aﬂ \e\u #’A mers comprise at least 50.0 percent by
weight and preferably at leﬂ&ﬁ perc&gght of the interpolymers. Most

1|—'T'

desirably, such monomers at Wt by weight of the interpolymer

: '.»suhh\‘é ompletely comprised of such
€., less than percent by weight of other

and the usual commerci

¢ ' th graft copolymers closely
approxxmate each other. In addmon, it is beheved that mcreased chemical bonding is

thereby obtauﬁ wﬁn{% Pﬁxﬁ w@%ﬁ’]\ﬂ% properties. Moreover,

by close matchihig of certain mterp?lymers used i m the matrix and superstrate such as
vose AR G 1S B ) 4 oy
substantial transparency. However, it will be appreciated that deviations in the
composition of the interpolymers of the matrix and superstrates such as different
monomers and/or ratios may be desirable for some applications and that some
deviations may inherently occur as the result of process variables.

Exemplary of the monovinylidene aromatic hydrocarbons which may be used in

the interpolymers are styrene; alpha-alkyl monovinylidene monoaromatic compounds,
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e.g., alpha-methylstyrene, alpha-ethylstyrene, alpha-methylvinyl toluene, alpha-methyl
dialkylstyrene, etc.; ring substituted alkylstyrene, e.g., vinyltoluene, o-ethylstyrene, p-
ethylstyrene, 2,4-dimethylstylene, etc.; ring-substitutioned halostyrene, e.g., o-chloro-
styrene, p-chlorostyrene, o-bromostyrene, 2,4-dichlorostyrene, etc.; ring-alkyl, ring-

halosubstitued styrenes, e.g., 2-chloro-4-methylstyrene, 2,6-dichloro-4-methylstyrene,

“ 7c The alkyl substitutions generally have 1
e i o@d isobutyl groups. If so desired,

etc.; vinyl naphthalene; vinyl antl

m

53 interpolymerized with the
%d nitrile are conjugated 1,3-

)

nsaturated monobasic acids or

, ethyl acrylate, butyl acrylate, 2-

ethyl-hexyl acrylate, methacryhcgﬁirjan' i

methacrylamide; w@pmgm@mj@, i
acetate, vinyl propio ate, etc. dialkyl n

; . esponding esters thereof’ acrylamide,
il 5 ,; vinyl esters such as vinyl
aratés such as dimethyl maleate,
maleate, th corresponding fumarates, etc. As is known in the

art, the amouﬁﬂeﬁ ﬁwﬂﬁﬁ Wﬁ mflﬂesjm the interpolymer will

vary as the result of various factors

1 Y PO 44 8 6 396 o pfrrsin o

include 4 performed polymer of a partially polymerized material such as partially

diethyl maleate, dibu

polymerized monovinylidene aromatic hydrocarbon or inter-polymer thereof.

The polymerizable monomer mixtures contain at least 20 percent by weight of
the monovinylidene aromatic monomer and preferably at least 50 percent by weight
thereof. They also contain at least 5 percent by weight of the unsaturated nitrile and

preferably at least 10 percent by weight thereof. From the standpoint of highly
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advantageous commercial practice, the monomer formulations contain 20 to 95
percent, and preferably 60 to 85 percent, by weight of the vinylidene aromatic
hydrocarbon and 80 to 5 percent, and preferably 40 to 15 percent, by weight of the

unsaturated nitrile.

A, T e [L\Q\,\\‘ U//{//

As is wellknown in the ar t p is._produced by polymerizing the
monomers in the pres ofeth yerformed ~. It is generally believed that a

portion of the polyme

rubber since it is generally
not possible to extract the fubber from the polymerized mass with the usual rubber

solvents although somg' of the "' lymer . may not be in actual chemical

Since 100 percent g afting _ cy normally is approached only at ratios of
monomers to substrate of be}dw_gbeut; 0.3 t least a portion of the monomers
polymerized in the ce _of the performed rubb er will not chemically combine
therewnth so as to pr'] ide a m opolymers. This portion may be
mcreased or decrease;il:,pendmg upon the ratlo of monomers to rubber, the particular

monomer fomﬁ%m% ﬂ ﬁﬂbw.ﬁ %ﬂrﬁtlon of polymerization.

Generally, interpdlymers prepared vx}thout the mclus1on of rubber wﬂl be compounded
o QIR PR R H¥He o o
composifio

Any of the usual polymerization processes may be used to affect the
polymerization of the ungrafted superstrate, i.e., mass, suspension and emulsion, or
combinations. Such techniques are wellknown and are also described herein with

respect to the graft copolymerization reactions.
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2.3.2 The Rubber Substrate [S,10,11,12]

Various rubbers onto which the interpolymer may be grafted during the
polymerization in the presence thereof are utillizable as the substrate of the graft
copolymer including conjugated 1,3- diene rubber, ethylene-propylene-diene terpolymer

rubbers, acrylate-diene mterpoly;{fq‘ g; and mixtures. Although saturated

rubbers may be grafted, it h%_@ foun to include at least a small amount

(at least 1.0 percent by wei
hexadiene to facilitate _ eth

monomer component

_' er component such as butadiene or
acrylate rubbers. This diene
ent by weight and preferably
2 to 8 percent by h i 7 }{ene;glene terpolymer or acrylate

copolymer rubber.

rubbery polymers (a pol ving 4 Second transition temperature not higher

as determined by ASTM Test D-746-

such 1 3-d1enes with up to equal amount by weight o‘ one or more copolymerizable

monoethylemﬁlutﬁﬁ‘g ?q ﬂ%ﬁr%ﬁ’}ﬂ@ownyhdene aromatic

hydrocarbons (elg., styrene; an alk%J styrene, such as the o-, m-, and p-methylstyrene,
2 AT ORI PR . e
such as qalpha—methylstyrene, alpha-ethylstyrene, alpha-methyl-p-methylstyrene, etc ;
vinyl naphthalene, etc.); halomonovinylidene aromatic hydrocarbons (e.g., the o-, m

and p-chloro styrenes, 2,4-dibromostyrene, 2-methyl-4-chlorostyrene, etc.);
acrylonitrile; methacrylonitrile; alkyl acrylate (e.g., methyl acrylate, butyl acrylate, 2-
ethylhexyl acrylate, etc.), the corresponding alkyl methacrylates; acrylamides (e.g.,

acrylamide, methacrylamide, n-butyl acrylamide, etc.); unsaturated ketones (e.g., vinyl
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methyl ketone, methyl isopropene ketone, etc.); alpha-olefins (e.g., ethylene,
propylene, etc.); pyridines; vinyl esters (e.g., vinyl acetate, vinyl sterate, etc.); vinyl;
and vinylidine halides (e.g., the vinyl and vinylidene chlorides and bromides, etc.); and
the like.
Although the rubber may contam upto about 2 percent of a cross-linking agent,
omer or monomers, cross-linking may
u&nomers for the graft polymerization

result in loss of the rubbery

based on the weight of the rubberft

present problems in dissolvi ‘
h;‘
reaction. In addition, € “excessive

characteristics. The . of the agents conventionally

ene, diallyl maleate dnallyl

‘up to 25 percent by weight of a

isting of monovinylidene aromatic

90 to 95 percent by we1§ht butadiene and 5 to 10 percent by weight of acrylonitrile or

wee G YHINYNTNYINT

 Of the %Various techmques customarily employed for polymenzmg rubber
o F R Y] 1 TR . e
polymer?zatxon is preferred since it will provide the particle size for which the present
invention is most beneficially employed and may be used to produce a latex which is
useful as the base for emulsion polymerization of the graft copolymer. In this
techniques the rubber particle size is determined by a suitable choice of emulsifier

concentration and mode of operation (monomer-to-water ratio, temperature). In
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principle, big rubber particles are made by reduced emulsifier concentration, by

monomer feed, or by seeded polymerization.

2.4 Graft Copolymerization Processes [5,10,11,12]

a \W by polymerizing monomers of the
of rubber substrate, generally in

interpolymer in the preseug__;_

The graft copolymers

accordance with conventional giaft pot echmques Although suspension
and mass polymerization#eChaifues : ploy e preferred processes use an
emulsion technique to_ebtainthe parti f not more than about 0.6 micron for

)
the graft copolymer with'whi > P& e it \lﬁost beneficially employed. In

same time.

As w"ﬂeﬂm‘w&ﬂﬁ%ﬂﬁ?ﬂﬁ ratio of monomers to

rubber charged 16 the graft polymel}zatlon reactlon is the pnmazjdetermmant of the
wre N PP A VB contions o
polymerization, rubber chemistry and particle size, rates of monomer addition, chain
transfer agents, etc., may also exert an effect.

The catalyst is generally included within the range of 0.001 to 3.0 percent by
weight, and preferably on the order of 0.005 to 0.5 percent by weight of the
polymerizable material, depending upon the monomers and the desired polymerization
cycle [10,12].
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As is well known, it is often desirable to incorporate molecular weight
regulators such as mercaptans, halides and terpenes in relatively small percentages by
weight, on' the order of 0.001 to 2.5 percent by weight of the polymerizable material.
In addition, it may be desirable to include relatively small amounts of antioxidants or
stabilizers such as the conventional alkylated phenols, although these may be added
during or after polymerization. N \ ' / /

In the emulsion pol on pro ?85,4thE monomers and rubber substrate are

emulsified in water by use . itable e ulsw such as fatty acid soaps, alkali
metal or ammonium S gh l‘qull}\\ﬁ:lkyl or dialkyl sulfates and
' _chair phat:c es, etc. Emulsnfymg agents

24

sulfonates, mineral aci
é\sd@m oleate, sodium palmitate,

in amounts of about 0 r 100 parts by weight of the
monomers, and water is = nt of about 1 to 4 parts per part of
monomers, and even in larger _ranoswh?rmt d11ut10n is desirable [10,11].

If so des1r atex forn sion polymerization of the

rubber substrate ma - e aquec : : f]to which the monomers are
incorporated with or Mghout additional emulsnfymg agents, water, etc. However, the

rubber may beﬁ %m&vqow %‘dw E}@ﬁ@snﬁed or a latex thereof

may be separata& prepared [3]. ¢

A NN R 0 oty
used for' emulsion polymerization of the rubber monomer including conventional
peroxy and azo catalysts, and the resultant latex may be used as the aqueous medium
with which the interpolymer monomers are admixed. In this manner, the catalyst for
the rubber polymerization may function in whole or in part as the catalyst for the graft
polymerization. However, additional catalyst may be added at the time of graft

polymerization. Exemplary of suitable peroxy catalysts are the alkali metal peroxides,
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persulfates, perborates, peracetates and percarbonates, and hydrogen peroxide. If so
desired, the catalysts may be activated to form redox systems. In addition, it may be
advantageous to include an oil-soluble catalyst such as di-tert-butyl peroxide, benzyl
peroxide, lauryl peroxide, oleyl peroxide, toluyl peroxide, di-tert-butyl diperphthalate,
tert-butyl peracetate, tert-butyl perbenzoate, dicumyl peroxide, tert-butyl peroxide,

isopropyl peroxy dlcarbonate \ * vl-2,5-di-(tert-butylperoxy)hexane, 2, 5-
dimethyl-2,5-di- (tert-but )Yle

hydroperoxide, p-methan rop rox@pentane hydroperoxide, di-
isopropylbenzene h te t-t \Mene hydroperoxide, pinane
ik ropero ide, etc., and mixtures thereof.

-butyl hydroperoxide, cumene

hydroperoxide, 2,5-di

+ 2’ -
wd ¥ I.
"

W

%

A
.

addition, antnoxxdaqt_t&ndstabxhzets e alky enols may be added.

~in an inert atmosphere at

The emuls:on_lmnxture 1s .
| ahd
temperatures in the range of 20 °C to 100 °C with agltatlon Pressures of 1 to 100

pounds per sqﬁwaa %W ?w Bbﬁ?rﬂﬁnd/or additional catalyst

may be added “incrementally or co‘ptmuously over a portion of the reaction cycle.

P EAREY Y TS5 ) B o, oo

monomefs have reacted. The remaining monomers and other volatile components are

then distilled from the latex, which is then dewatered, washed and dried [5,11,12].
Particle size of the emulsion graft particles may be varied by seeding,
emulsifying agent concentration, agitation, rubber size variation through agglomeration

prior to grafting, coagulation techniques, etc. One of the most advantageous means
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for achieving the desired particle size rubber substrate is by controlled agglomeration
using acidulation or freeze-thaw techniques [3].

The particle structure of emulsion-polymerized ABS is of the core-shell type
(Figure 2.6). Particles of polybutadiene must be tied in the surrounding matrix by a
graft shell to provide good coupling of the two phases. The more closely covered the
particle, the better the coupling and :thdf‘;lipte uniform the distribution in the matrix.
Because the grafting is nearly complete (scé/f;(ly:@y free SAN polymer present after
the graft reaction), the p@bdion of gfaﬁed SAN m'the interface depends on the total

amount of glassy mqpm{_‘ fdded_ and external grafts. The proportion of graft

copolymer included

. Wfaslng earticle size and decreases with its cross-link

density.

mall particles

r’
¥ s

Figure 2.6. Structure of grafted particles in ABS [3].
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Emulsion grafted small particles exhibit a closed shell of graft copolymer on
their surface, and no inclusions are visible in the images either before or after the
mixing process. Bigger particles with low cross-link density have hardly any
detectable graft shell, and the mixture with matrix polymer shows that the particles
contain many large inclusion. If the cross-link density is enhanced, the graft shell
become more clearly marked, but a considgpalzle art of matrix polymer is still located
inside the particle [3].

If the size and cross-link densit‘)?j are constant grafting is of crucial importance
for the mechanical prgpeiﬁas”(Figur 2.7). If the particles are not completely
converted by the graﬂwggh‘ they wﬂl tend to agglomerate to large and irregularly
shaped clusters dunng,tﬁe ﬁmﬂng pmcess and the impact strength of the final ABS
will depend on the mlxng cqhdxhons 7

Notched Impact
Strength [kJ/m?]

Figure 2.7. Influence of degree of grafting on ABS structure [3].
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If the primary particles are small (0.1 pm in diameter), an increase in grafting
will first reduce the cluster dimensions to the optimum value. [3,4,5] Consequently,
impact strength increases. If grafting is increased further, particles will be prevented
from clustering and impact strength will drop again. With larger particles, less than
50% grafting is sufficient to obtain very tough materials, and products with bimodal
particle-size distribution are e\g\N “ tageous. In contrast to HIPS, the
internal structure of ABS is‘@&i the mechanical properties. Most

— S ——

les md small inclusions, depending

d interpolymer in the feedstocks
) gfent desired in the blend.
Altematlvely, a mixed tex of the dlfferent graft level copolymer may be prepared and

coagulated to ﬁwﬁ w«wﬁﬂ ?ﬁ‘ﬁ mfﬂb?r grafts of the desired

two particle graftilevels in the desued proportlons

xﬁl 1 t of the rubber
IO A LU A Cree
ratio of low graft copolymer to total graft copolymer constant generally increases the
Izod impact strength of the composition but rapidly increases the viscosity of the blend
and decreases the tensile stress at yield and fail and the tensile modulus. Accordingly,
the preferred blends contain about 10.0 to 50.0 percent by weight of the combined

graft copolymers and most desirably about 20.0 to 40.0 percent by weight.
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The effect of varying the rubber content of the composition may be seen in
Figure 2.6 of the attached drawings wherein a series of compositions were prepared
containing the high graft and low graft components in a ratio of 60:40 and in which the
content of the rubber substrate in the composition was varied by the addition of

increased amounts of the graft components. As can be seen, the Izod impact value

\“#}/ increased.

rises relatively rapidly as the amou

Useful rubbe

The Natural |  be:

grafting polymers to natural rubber usmg free radlcal chemistry. Materials were

obtained whrcﬁw %twlﬂwwxﬁﬁ}ﬁﬁ and Heveaplas-MG, a

graft copolymer of natural rubber an‘;i poly (metyl metracrylate) became commercially

= WIANN I URIINYIAY

2.6.1 Grafting Chemistry of Natural Rubber

had investigated process for

Anionic grafting chemistry is applicable to polyisoprene as well as to
polybutadiene, but the process is very sensitive to the presence of protic impurities and

must be operate in a hydrocarbon solution of the polymer. On the other hand, free
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radical grafting chemistry was demonstrably practicable in the presence of water (i.e.,
in latex) and of the various non-rubber contituents which are an inseperable part of
natural rubber in all its commercial forms. There was therefore a considerable incentive
to try to refine the free radical grafting techniques further to provide the molecular

architecture that is necessary for thermoplastic rubber properties.
Maximum control of graq «"W h and number of graft chains per
backbone will be available if i Bared as a separate process and are

| constraints. Use of a diluent

ercially impracticable for

JImost certainly be discounted. In

could only r via surface to surface
mplies instability of the latex

towards coagulation. These cons1deratlons point direct mixing of the polymer

constituents u-ﬂ lurE] nﬁg(ém Wﬁa%ﬁQrﬂﬁo successful reaction.
m@ﬁ%ﬁﬂm URIANYIAY

G.Gordon Cameron and M.Younus Qureshi [14] studied kinetics and
mechanism of styrene grafting to polyisoprene. The radical-induced grafting of styrene
onto polyisoprene (PIP) in benzene solution at 60 °C was studied in rubber
concentration (up to 0.5 monomer mole liter") in which the polymerization of styrene

showed ideal kinetics with no retardation by PIP. The proportion of polystyrene
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incorporated as graft is independent of the initiator (benzoyl peroxide) concentration
and was found to be consistent with the kinetic expression derived by Cameron et al.
The graft fraction of polystyrene which was higher than in the corresponding styrene-
polybutadiene system reflected the higher reactivity of PIP toward radicals.

Azobisisobutyronitrile produces no graft copolymer in the system.

x\ [ ,
D.J. Hourston and udled natural rubber poly(methyl

methacrylate) composite lﬁf synth lzed an amine-activated hydroperoxide.
f‘ “‘H%_.-

Composite latex partic ex the composite latex was

synthesized to yield

was added to a carefull lize -‘ i: : ,te;fgi\and polymerized in situ using

an amine-activated initiatof, 7afr-but y he resulting materials were cast
2

to yield solid sheets. Thes Q}{Tﬁqu - terials was determined both by

latexes synthesized us itiator was studied. Materials

mterpenetratmg polymer networks have been prepared by in

situ polmenﬁumwm\wgq ﬁi@ azobisisobutyronitrile

(AIBN) as the ffiitiator. The resultlgg materials have been charactenzed by electron

e QARONE) ST B B e

spectros py, dynamic mechanical analysis, and stress-strain analysis. The styrene

which may be classifi

polymerized within the natural rubber latex particles to give a relatively fine phase-
separated morphology with some evidence for a limited degree of segmental mixing.
Moreover, it was clear that AIBN despite what was stated in the literature,leaded to
some grafting of polystyrene, and, in addition, caused significant degradation of the

natural rubber molecules when the styrene content is low.
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K. Hyungsu et al., [17,18] studied toughened of SAN copolymers by an SAN
emulsion grafted rubber. A series of styrene/acrylonitrile (SAN) copolymers have been
blended with an SAN grafted butadiene rubber to form ABS type materials. The major
focus has been the effects of composition of the SAN matrix copolymer, for a fixed
SAN graft, on blend toughness, deformation behaviour and morphology. The
acrylonitrile content varied from he matrix copolymers, while the
acrylonitrile content of the e@ at 22.5%. Maximum strength and

toughness were observed f os1 ons on SAN matrices containing 34%

showed differences in rubber pasticie, rsion. hology revealed by scanning

blends. The effects of acry }qﬂﬁo,nte t on

‘-‘_. -

studied.. Styrene/acrylonitrile ,ﬁS_,}gC) \
e
several SAN emuls*& :

the toughness of ABS materials were

s were toughened by addition of
o of the study included the
4.2- content of the SAN matrix
(14.7-40 %). The aim was to develop general prmcnples underlying the properties of

rubber tougheﬂl wq\% ﬁtwwmlﬂﬂ'l sion, state of rubber

particle dispersion and the inherent %uctlhty of matrlx polymer were evaluated, and the

s O B 6 g 54 i vt s

by these three factors. The concept of inherent ductility, in particular, was effectively

AN content of the SAN

utilized and its importance in the ultimate properties of rubber tougheded SAN was

emphasized.




30

H. Nai-Jen and C.S. Donald [19] presented a new method of measuring the
efficiencies of free radical grafting reaction which utilized the compositional analysis of
capability -of dual-detector (ultraviolet and refractive index) gel permeation
chromatography (GPC) in which the mixture of polymers resulting from the graft
copolymerization reaction was also subjected to separation by molecular size. Samples
of the reaction mass drawn from a{\*’ dlluted with GPC eluent and injected

directly into the chromat *«V&ltho her preparative step. Grafting

ighf"distmmi the frequency of graft chains
f A ‘e9 Mned Low molecular weight

efficiency, graft ratio, mo

along the backbone pol

diluents (residual mo

polymer within the c

Experimental results

‘were presented for the graﬁu_}g. mty;emas-polybutadlene Gelled samples
could not be malyz?}%ﬂ

Rusdan Dahmunthe [20] studled the eﬁ‘ects of the styrene monomer on colloid

stability of naﬂau)ﬁfgn?] ETW Wﬂﬂ Frﬁj.g reaction and hence

decreasing or inGreasing the eﬂimen%y of graﬁmg of the monomers to natural rubber. It
has be@ W\ﬂ ﬁtﬁtﬂﬂ%‘ fﬂ ﬂ%%%ma Ej)ber latex. The
destabilisation was due to the swelling effect of rubber particles in styrene and forming
a monomer-swellen rubber. Consequently, the average distance between rubber
particles decreased threrby reducing the mechanicle stability time (MST) of natural
rubber. It has also been shown that to provide a favourable condition of colloid

stability for the polymerization of styrene in natural rubber latex, the DRC of natural
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rubber (60%) was preferably diluted to about 45 % and the temperature of
polymerization was preferably kept at 65°C.

C. Rujinirun [25] studied the preparation of graft copolymer of styrene and
acrylonitrile onto natural rubber. Process for the preparation of copolymer of styrene

and acrylonitrile on natural rubber latex has been studied. The graft copolymerization

was carried out varying concentratio tyrene and acrylonitrile monomers,
» The grafting efficiency of graft
natural rubber determinec )Y€ ve ‘ : ,%L. ique and degree of conversion
were studied and discyssed. Jhe Gt 0 o* n was determined by Infrared
spectroscopy (FTIR) a cE ar ‘- haracterization also included Gel
- g jal canning calorimetry (DSC).

_ \\

materials with special propertic ’ép :
_..i Flles d “,.
formulated. The effect ofigrafi natural n d SAN ratio on impact strength,

ical means of obtaining new

t natural rubber and SAN were

flexural strength, tensde stre ' > elt flow index and heat distortion

ﬂuﬂ’mwswmm
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