1, INTRCDUCTICN
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Polymerizetion involves a process in whic't some resactions
is repeated until a comnpound of very high mol: ~ular weight is
formed, If reperting unite or monomers sre che. ‘celly eimilar,
the resulting macromolecule i1l be celled horro olxrer, vhile

different reacting monomerzc will ~ield 2 conc’: aor.

1.1 Tvpes of polvmerization:

Mainly the process of nolyierization cun "2 clessified

into two heads.

(a) addition polymerization &nd

(b) condensaticn polmericaticon.

1.1.1.48ddition volymerizaticn:

In thie synthesis, the reesctive wmoncrer me specessive s
> 3 A1 : 1 - ("L-—:_n)
linkec¢ together af the =site of douhle bonde o msehuraticon, '
Addition polymerization ic brousht about ucuc’” by Fne onen)
of 2 douhle bond. The bond mey he Lebtween cor - and crrhou,
carvon =nd oxygen, carbon and nitrc en, carher o nd sulphur or

carvon and silicon. The reection r.r alro be @ urht by openiwe

of a ring thet congists of three sia-ly bonded ~tome of the

]
s

elements, c#rbon, nitrogen, oxygen, silicen o - =ulvhur, Gerercllw

the multiple bond in the monomer molecule is * site of dniti-wing



the resction ~nd the chain fFrowe by suzcecgiv  ~dci%ion 2f 7 n
monomer molecule untill conditions fre renche: where the

growth ends.

iddition polymerizeztion cen be achieved ' {Lwo different

ways namely: by

(a) Ionic pnlymerization end

(b) TFree redical polymerization.

1.1.11. Ionic polvmerization:

The ionic nolymerigzetion ir one in whi~» the sective end
of the growing polymer molecule is either »n ---itive or =
negative ion. In the former ceSe where the act‘ve end is a
positive ion (Carhonium icn), the volymerizati..n is termed e=
Cationic polymerizotion. In the latter case ' ~re the active
end is nepative (Carbanion), it is ecnlled apir~ie nolvmerizeticn.
A1)l subhstituentiwhich cause ionic nolwvmerizati n pre chrrneter: -cd
by strong effinity for an electren vmoir, Snbe'ituent preung =,
8lkyl, aryl, ethyl grouovs etc., nromote the »~Tesse of eletrons
and therefore monomers thet contnin such provi-- 2re most rerdilw
polymerized by ionic or electrophilic ceotalyri. The Catzlysts
effective in cationic pol merization =re comr~'nds or elements
capable of accepting electrons readily. 4 psrticular exsmnle of
this group is boron trifluo-ide which comnleres with weter sud
many other hydrogen containing molecules like ‘norpenic solvents

. . . . + .
which dissociates into proton, H sand the ne:: +ive charfred
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counterion l%F3OH_] or [ﬁFjK{]. The resulting »roton attacks

the double bond of the menomer and initiates t -« reaction as

car be seen by the following equation(5):
+ H | o
A" + H . C=C —_— L£-CH, -C

27X 2x

Alkali metals, amide ions (from alkali retals dissolvel
in liquid ammenia), metal alkyls, Gripnerd res - nts etc. can
initiste the anionic type of polyvmerizrtion. & paniens are
forned in the first instance whichvronapatec t°- choin resction

as follows:

+ J
KI\TH2 —_—= K7 4 .NII2

i H_
tTWHS + CHy=C HN—CH ,~C
H_ i o B

wH N-CH uCT + CH,=C ameH N=( CH,~C ) T eto.

An example of anionic molymerization i: =he polymericetion

of styrene by butyl lithium(u),

. . -+ P
C4H9L1+CH2=CH06I15 —_— Culig—CHQ—vHCe)HBLl

.+ c e e



This polymerization {akes plmace in ® non pelsr solvent or i»
an ethexr such as tetra hydrofuran or ethyleneplycol, dinathyl
ether. In a nonpolar solvent the lithiuw io: Tremeins close %o
the polymerizing end of the polymer chzin, - tetrshydrofurcn

or in one of the other ethers, the lithiur ion is solwvericed 7

moves away from the growing end of the chaln,

Isobutylene(s) polymerizes with grec” pecd et very Louw
tennerstures. In the direcct cationic mechourivum the eantalyen
form a complex of eddition compound with & wcnoner moleculr o
initizte chain growth. The cetelyst is the: & 13 Tomzin - ot ol
during the growth of the chrin and thus we: neilita. o misicsis
as well propagation. For exsinle in the fol ruing eqguetic: hers

HX3 represents boron fluoride or Alcla,

| CHy CH-
MX3+CHp=C — —80% x MCHy— ™
CHy CHa
X3MCHy=—C' 4 CHy=( PrOPAGENen , ., MeH, S
/ ~

New, \

CH3

1.1.1.2 Free radicsl polvmerization:

Unsaturated compounds containing 4 le bond i
styrene, acrylonitrile, vinylidene chloride, nmethyl scoyle .

methylmethacrylate, allyl aleochol, allyl acohate und

ot
N
H
?‘J
0
s



undergo addition polymerization by & frec radical mechonisa.
The free quiéals ere formc:d by the homelytic Pisgion of &
covalent bond. The unpeired electron which chiv—octerizes &

-
free radical does not impurt ony charge to th- npucics(“).

c—0—0—C— —80 —C—0
i ! 2080 L (YT Yo
0. (N e
Fission of covaleut bonds wéy be achieved the....11l: (in o
presence or sbeence of cstslysts) or Ly photoe—icmicsal reacbio o,

high enerzy irradistion and by wmechenical we:..

In the simnlest, free radical polwvueri:. lon is accomnlinh
mainly by “he following three steps vigz. the | itisntion, nrope..tion

and terminntion. In the initintion step, aou . :-ive centras iz

produced which possesses great ranctivity o..-

Catalyst (Rc) + heat ~— =~ Ré

The propagation step leads the a«ttack of a fr.. rudical uvon

LI P
[PRAN

double bonds of & moncumer in succeesive seri. of reacticrs

AR |
KP
P_o 1 L. T L4
4+ M > Rg
- K-- FE
R2 + M i, > R5

K.. -~
R'5 . R!‘;. + M ——— R*{n+1)

The terminetion involves the mutual saturastie- of the preovi:.,
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chain free radicals by coupliag or dispronor+ionation

B * Ry ""““1a> P(m+n) (by enr inction)
° . P . . BN
Rm + Rn "___—_"E’ Pm + Pn {(by dis-ronortionatior)

where Pm and Pn represent dead polymer molee:"as containine - © o
moncmer units resnectively, Rﬁ & R? indin~r%- the growine nol-—er

radicals,

Beside these steps, other reaction rcter such ps chnir
transfer, branching or cross—linkne can als=o take nlcce in

certain cases,

Chain transfer step:

In sddition to the normal chain growin- procesﬁ) The wetivity
may be transferred from the growing polymer *< mcnomer (M) or

solvent (S) molecules,

Rn + M . —m Pn + I

Rn + S > P + L

. . . 7
This concept was first introduced by Flory(’ . 4 2 matter of fort
it does not destroy the prowth process hut der-erseces the averors

degree of nolymerization,

1.1.2. Condensation volvrerization:

In this polwvmerization swnthesis thr : onomer besring tvo
or more reactive groupes resct intermolecuvlar’- *to form = larrcs

molecule. Elimination of a smnll molecule troi2ao nlece simnlteareously
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as a by product which is usually nitroeen hvdrogen, water
hydrogen chloride etc. Condensation polymeri: -ticon proceeds
through a wide variety of steps leading to di’fereut types of

(8—14). In a simple case of the ralyestirification

end product
of & hydroxy acid the virst step is the forr tion ¢f a dimer

by intermolecular estrification,

[

HOR . COCH+HCRCCOH w [TORCOCGR.COCH =1 .0
_.._._.9 a)

This step is followed by second similer prec s in which further
meclecules of monomers react to give a dimer « trimer. The Jdimer
may react with another diwer to form a tetrsrr--r, The rezscti - n of
prowing polymer is a propag-ticr and rot a tcrmination reaction

ES

since the new molecule still hear resctive to:minmal 2s obvicun
in above reaction. Polyester, Iolyamides, nc¢’ -~ phydrides prlvsui-
phides, silicon etec. are all nrepared bv epn’™ vins condane: bien
polymerization., Synthesis of very nirh molec 7 vy wveipht o

is howaver limited with condensation polymer:.

1.2. Factors effecting the polvmerization:

The conditions under which the polymeri-nhiocns are norrsiced

ig very important. There are mony sicnificer? vnriahles £h o ~ffact
the polymerization. Some cf them are temper: e, catnlvet, -arits
of monomers, solvent etc, Tho fin~1l nrevertd of "o nolsy o

depend upon the amount of cntalyrt used. i ~cneentrovuic: of



catalyst increases the rate of volimeriucrt?  bu* “ecroncer

the moleenler wcight.

1.2.7. Temperature:

The veriation of rate censtante of : rhepical renctior
varies with temperature and guantitntivelw 7 peovernsd by the

Arrhenius equation:

K = Ae~E/RT

b

Where A, E and T ~re collisien factor, acti- ~kion enerry o
temperature (ahsolute) resvectivelv, This + -2 of tenmperabira
dependence can be internreted in terms of cc’tisien theory.
During a polymerizetion re~ction, the movemen- of pononnr

molecules increases wis™ the rise in femmer-*re resultines in

the enhancement of yleld. Velocity coeffeci- bt of the reantion
also devends upon temperature, Tynical valve - for the overesll

y ke

velocity coefficient (K) obtained with veriatws initisver of

different temperature are chown in table 1,7.

! ! IRI
Catalyst § Temnersture § Yo. med oo l=e” § Refrronno
0n g ' 3
i )
-

Benzoyl peroxids 20 T w AT e
Renzovl perovide £0 onz -y o 1z
Benzovl peroxide 00 2710 v 10— -
Azobisisobutyronitrile ) eI T 14
Azchisisobutyronitrile &0 ox 0TS 7z
Azobizisobutyronitrile 7 127 x 10~k e




Bevingtor et 31(15) reported that retio of ¢ =»nroporticnati-.
to combin§tion (K;th) in the terminsticn re-~tien for meth 1
methucrylate also depends upon temnerature, "2 values of
K;th wag found 1.5 at 0°C while at temperati rag ?500 and <070
these wvere 2,13% and 5.75 rerpectively. :ccor” ug to the ¢:rer-~

(16) - (17)

vation of Mathesone et al tnd Mackey en” Telville s SNE

velocity coefficeints for propagstion in acr “=te polymeric-tion

) I
increase wlth the rise in temperature. Roche nd Prlce(q‘“

Fe

reported that in thermal polymerizetion of ~* rrene, the ini"i-l
rate is ebout 0.1% per hour ot 60°C, 1.0 rer -at per hour at
9000 and 8% per hour at 120°%C shawing the de- oeare in rake vith

TN
decrease in temperature. Burnectt -nd wright( "7 carriad out the

.

photozensitized homopgenecus nolvrmeriz=stion ¢ ' vinyl chloride in
tetrahydrofuran between 25°C and 559¢C. Thay “ind that at the
lower temperature, the rate of noliymericatio. is proportionsl %o
(M)1'5 and the square root of the sensitirer oncenération b

at temperature higher thnn 25°C, the rate is ~oportional +o a
power of sensitizer concentration of approxi:: tely 0.6 »nd to =&
power of the intensity varying frorm 0.6 to 7.7, Ik is %o ebhvious

that temperature is a sipnificant veriable - Khe nolymrpri-aticon

reaction.
1.2.2., Catalvet:

Catalyst helps in vroducing a2ective co-tres for iriti~tine
the polyrerization resction. e rates of no".mevication dencnds
upon the nature and the concentration of cet: ret, It is not
possible to produce active centres thermally =t Jow temver tures,

This requi-es more energy vwhich may be echir=~d only hy st ining
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hirher tempersature. iActive centres aft low ter rraturer ~an
however only be produced by the additien of wrvoper catalwst.
Peroxides, npersulphnates, azocompounds, Fried- ' ecrafts cnkaly. -,
Ziepler Natta catalycts, Ormenonetallic comp inds are rore of

the well known catalvebs in use for carey . nr b polymwer-iz-ticr,

ST DD ) N
In addition to these, some metal complexes( ")nnd inersonic

salts e.g., Zncl Cocl, etc. have also becn *trotduced Ae o
£

2!
source of free radicale. The efferect of conce  ~etion of “heon

catalysts on the rate of polymerigotion hre o dInvecticontd
to rerort the relationcships of Tthe two veric © s in the Tero
of mothematical equation:
1
- altd_ - xfMlcat
d t

1.2.%. Solvent:

Zolvent in nolymeri~rtion reraetlion o7 R R I ARk

role and act itself as a hent troncfer modiv L e vealvner! nios
in the presence of the solvent iz more urnifer  thon masce ro” v oepi-
zaticn since the precence of the sclvent per "= apitatior Jurine
polymerization which eliminates local reacti:r and cover he=n*+iw-r,
On account of these advantapes, solvents aff<-" the rrte of
polvmerization and wmoleculer wveight of polw- - formed, Hince 4he
conformations of the macromolecules in solver - devends or t'e
type of the sclvent usad in the syoterm, the = are of the aolonte
also accounts much in polymerizaticn resctior . & nocr solvent poc
impede the approrching reagent th 5 ghowing ¢ 7 inhihitine rescti-n,

A gocd solvent on the other hand will feeili‘ 2 the reactir-m ciree
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it will not prevent access of the apnrocchir - rearent. It is
generally .observed thet the nolymers of lowrr molecular weipht
may be obtained by polyrerizing the moncmer: in the solvent

bearing the lower moleculer weigh%t and vise versa,

1.2.4. Purity of monomers:

Trace impurities in catalysed or nnc~+alysed polymeriza-
tion hesve & marked effect on the nropertirs of the resulting
product. Cnce the macromolecules ape contemin~+ed and attoched
with the unwanted product prersent as ionurit: of the monomewe, bhe
purification becomes tedious and cumbursome. ( fter, the undepirable
products may lead to crosslinkine reactions -"1th the eveninal
formation of gel, Another serious disadvante-= of contanination
of the macromolecules may rive rise to demrs '~tion of the nolrmer
continously. Consequently the physical nroperies of the nolymers
no longer remain uneffected and detorinaticn is c¢hserved in rost
of the bulk properties of the contaminated r~lvmers. Thus the
precsence of solvent in cencentration as little as 1 percent ir =n
polymer may drop its glass transition temrer -’ ire upto 706(24"23;
The tensile strength is also effected similer" v gince Lthe immurit~
will tend to act as plesticizer., Anamcly in = *e of polimerization
of certein polymers hes alsc been attrihuted *o the concentrsticn

of the monomers,

In the light of the above commentc, *° - criteria of -wmity

of the monomers must aloway: te ¥ent in mind 1 -Fere unertaline
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study of 2 volycerization systen.

e

1.%. Copolvmerdization

Interest in chengine prorervties of he
copolymerization dates baclk si-ce the year 177
found hy Klnttle(34) that the conolyvmerirnt?d

have different phvsicel and cheminal nroner+ -

developed ranidly also by Ynowing the fant
monomars which are difficult te hnmrolyneri

merized eagily in presence of ath » rmoreomer

The formation of conelrmrre hnpiecsl] -

of the different monorers in *he rare polymo
bindinrs of the ronomers in the seme nelrrer
not restricted to two monomers, it carn sleon
three monomers(as'qg).

formed., Some examples of the conpolymere nnd

hsve found large use in ‘rddustry are hirh i--

and styrene baced acryvlonitrile ~nd butadie

1.%.1. Classification of copol vmers:

-

Four general pgroups based on the arr::

units in the common chain cen clasgify 2 cor

(a) random conolymers (b) alternate conolmnc

copolymers and (d) block conolimers, If the

In the latter core %o

IR

u,

N

-~

olxmer by
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monomer unite is more or less rardem zlone Rvr noin rentanent.

2 molecule of random copolymer.

P ‘T_M 2-—1‘1 2—1‘? 1 =M 2—N ,.I-N ,1—1‘1 ,.I—I‘Z 2-—!"; ! - 2—1‘1 2—1‘*1

R

41

e

In alternate copolymers, of arrangement of the *wo units in the

chain takes place alternntively,

~~M 4‘12—1‘3 =M =M == - 1 _—I"I ,.I—-!”'. 1—1‘1 2—1“1 ,.I—I‘"r/“’

G - a

1 2

Graft ccepolymers contain polymer chains cerry’ -~ tranches Af

another polymer o¥ copolymer,

NI P P I A OO i AP ISR DI L PR M e et
M”’IN’TP"'IPI"I'"lP"IN".PlL"Iqu’Ir‘II’T]l’II'-“

(M) (Mp)ec (i o)
N2 NP I

I

N

Strictly speaking block copolyvmers sre greaft co-onlymers in wiieh
2 secuence of units of each type iz nlrced topr’ ' r in the cor om
copolymer chain side by side,

1

T B L L B T P P A

11

There are differences in properties of the di¢ " rent tyne of
copolymers, Block copolymers ere on the whole " --= intere-tin-
than random polymers because the npronerties of " lock nolwvmers
are by and lerge, the properties to be expectel’ “or a mixture
of the component homopolymers. The ~reperktics . random
copolymers on the other hand can not ordinargl' e nrediected
from properties of the component h¢mopolymer. ..7-cl and rreft

polymers have attraction for the fa:t that the-: polwmers hove
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properties corresnonding to the vropertics »” mixed polymers

without the disadvanteges of phese separati-n,

-~

1.3.2. Characterizationr of the copolvymers:

Although some modern techniques nemely electron nmicroscony,
DSC and NMR spectroscopy heve been introduc<d recently whichr can
characterize specifically the order of arra: :‘2ment of the two
units in the common chain of the copolymers, “here are scme
routine methods which may also to provide t*: desired infrrmrtien
of the structure of the copolymers. Among £ ~e methods mentien

of the copolymer egueation and the nonomer r.-:tivity reotio vill

be concsidered now.

(43-45)

The copolymer equation ig imrertont o nrediet

~

the composition of copolvmers st Any retic ¢° conversion in
the rsdical polymerization of thn *wo monone~s I, and M,. The
9
complete gcheme comparised of meinly homo-aid hekropolvmerizaticns

reactions as follows:

Ka4
N’I + Il,l —_— ‘v-{‘,l
ML+ M, _.K_’12_9 ~~1
Ean
Mé + M2 —_— --IW;1,
K
Jo 1 21 ‘e
112 + I‘,] .__)"‘V--I‘,,I
Where K K are rete cenghtante for the o7 nremarctine

Ay 22

retctions and qu and E,, 2re similerler rab. onetents for ayncs
. s
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prcpegating reactions, The rate of conen nt’
nonomers” frow the initial reeeticn riviure

telv by followins equation,

N IR N I
G300 ) o 00D

d ¢t

The copolymer equation can theén he derived

equations assuming steady state conditions

Koy (1) {”1] = K D’I:.\ ‘_”21 -

This equation is represented as,

o G P R P I L
=[] * B

a [mé] E@%
and r2 = K 5 are the reletiva

v, = Ky

n

1

3%
=

21

ratios i.e. the ratio of the reactivity of ¢

ol the 4 -

- ke iven & o Ao

s - ot o e S

LS4

rretivity

"+ propagatings

svecies with its own monomer to the reactivit-r of the pronera-

ting species with the other moncmers, In the
r, and r, are known with the help of copolwr

would be possible to calculcte the amcunt of

~ase, the valuce of
= gquaticen (5} i%

Individual monorers



incorporated in the chain from a2 riven rescti ' mixture cr feed.
In turn the relieble values of reactivity rati~< ¢can be ohtained
by analysing the compositicn of the conolymer “rrmed fron a numher

of runs of mixture of tre2 two monomers varyvin:s in [:1‘,3/[[’3 ratios,

1.3%.%. Copolymer Structure and reactivity ratic=;

Reactivity ratios influence the structure of the cconolyer
and as described below may be useful to provids information of

order of arrangement of the monomer unite in +>r 8hain of Corolwmer.

h

The influence of the resctivity ratios on the <“ructure c¢f *tle

copolymer can be best illustrated by choosing virions cormbirn-ticns

46)

;
of rq é4nd Ts values and showing their influenc on tre »lote of

.S s . .
"intantaneous copolymer composition" F,, arair-* the instant-neons
monomer composition in the feed f,. Now the id:=1 conolyrer ts
formed when F, is equsl to f, es represented % the curve {a) of

fige1. This ecituation is met when there is no ~~nference of ihe

1

polymer radical to either of the monomers i.e. ', , == Y s and

<

K== X

22 21
the copolymer structure would be completely r-~.. 7om. Drample of ideal

or r == r, = 1. Although the si*:ation is theoviticel,

copolyvmers which are completely randorm 2nd wher- the nroduct ¢r +re

reactivity retios are approximately unity ere :cnolvmers of virs

(47)

acetate 2nd isonropenyl acetate and tekra“l-oreethvlene =14

monochlorotrifluoroethylene.
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Regular alternating copolymers will be formed in rase where
both T4 and ré have close values approaching *~ zero, Since in trirs
case short sequences of the monomers N1 and M. could terd to
form as represented by the curve (V) of Fir.1. Then the cleoser
the product ry, rs is zero, the rreerter is the “endency for M,

. . . 4
alternating copolymers ere meleic anhydride and stvrene( 8) and

fumaronitrile andtx-methylstyrene(Ag)

. When r, ard r, are hoth
greater then unity i.e., r, & r2>€>1, conditicue favour te ~ive
block copolymers containing long sequences of ~=ch monomer. Cn the
other hand when r, and r, are both less then ww{ty, there ir »
decided tendency to form an alternating Conol-er. The conolymer
composition plot (curve II) conteins a point © at which the curve ev-
sseg over the diagonal line. At this noint, terand the szeotronric
copolymerization composition is formed throup™cat the conolvmori-
zation reactions, LXample of this tipe of ccr-Ywvmerization =re
methacryvlonitrile with methylstvrene and rer+? nitrile with set-rane,

Curpve (iv) represents o casc where rq);>lnnﬂ ~9<<J e TN H 3 cren

the copolymer consists mestly of menomer I, ¢ at “igh fend o oo-o.
sition of Mq essentiall;: a homorol-mer nf %7 sovemer fo Sopeedy
Exarples of this type are acrylonitrile wii™ 77 axl-ocekats arnd
styrene with vinyl acetate. In the liekt o7 - ve bricf diecoo7 o

it is clear that knowing the valne of I, and . for a coroliomur,
some informationgcan be rathered shout ihe et ateres $,e,, Tl
the order of the arrangement of the monomer © " e in Ehe nat o oeoe

chain.
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1.4. Feaectors affecting Copolvmerization:

Some of the essential factors responsiblc to affect
homopolymerization of monomers are aslso found =ffective to
influence copolymerization. In the earlier section of this
chapter, the influence of temperature, solvent:, catalysts wand
purity of monomers on the homopolymerization ¢# monomers ha:
been described at length, These fastors remair »lso avplicable

to the copolymerization of monomers but sincc the process of

copolymerizetion is more complex than the sin-l: honopol mueri-

zation of the monomers, some additional factor: besides the . howve

have to be given due consideration, Broadly rucaking thesce
factors are those which affect directly the r«. ctivity of ¢hae
monomers and hence theii copolymerization. Scue important ona

smong these factors are discussed us follous.

05 HAf—————— - - 7

fy

Fig.qﬂq.



1e#.1. Type of initirtion:

-

As'already discussed in the preceedin; -ectinns that =
polymerization resctiocn cen be propagrted by e free redical
initiation., Copolymeérizet’on of monomerc is ¢7"fected to a
greater extent by the chanre of the 2bove £y~ of initictiom,
For the some reasong it ic seen thet even *he -2me poir ¢f
monomers often yields a copolvmer of diffevri:: nropartier
depending upon the type of the initietion ar “:ved in tre
copolymerization reoction. Thu: a rondom cove™ mer f¢ formad
in case of copolymerizetion of « vrene—methy™ threrwlete s tern

Rl

by the free radical initiation. The some pnir moNOrers
however, by the anionic reaction nroduces a ~ olxmer whiech
only rich in one type of moromer i.~., maeth=? ~threrricota,
the cationic reaction, the rvihem arn he worlh ' +o readoa
copolvmer which is rich in the o“her cormneoner ™ ~f the evoke
i.e., styvrene. The chasnge of rrocese to prad - +he sppe - -
of initiation has rather little influence on 2 prenetigii. »F
the ronomers, For this reason t%e resulte >f 2 ree radico’
intitiation by the bulk or the emuleion mat» .  weuld remnin
comparable to each other., To conclude, it ca, 2 grid thet Fla
renctivity rrtios are chanred or *he copolyr - (ookion o emo BT

v

influenced 2c 2 result of chanpe ~f =he chal . - ~prisr,

1.4.2, Polar effects:

Folar effccts are common in both the [ i¢ rnd free

Fe Fal

radicel tyre of copolymerizetien snd influen- the venativit- af
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the monomers. Electron withdrawing substitnute :“s such as CLCTE,
CN, OOCHB,/all decrease the electron density ¢: the double bonds

in a vinyl monomer while the electron donztin. jsrouns i.e,, T,

OR, OCOCH3 increase the electron density of t'= double bond,
Hence monomers with wide change in polarity uwil-r—4o copolymeri-

. . ) “ALE,
zation to give alternating type of c0polymers( & ’1).

1.4.3. Resonance stability and steric offect::

Ressonance stability inherent in the - ent nonorers

counte their resctivity in the conolwvmeriosrti nracers, The

character of the neighhourine freoun in the vi-"mitr of the winwi

bond is ipportant. If “We rroun sodn Lo Hha o anplizaticn of

-

radical, 1t would tend to ingrearce the gtani™ ' n*¥ kKhe froe
radical. Common groups can be rrrongod with ° rersging eleerron
withdrawal cavacity as:

Colgy CH=Cil, > C-CH 2> S D> C1> > (=2

&l 2>a 37 >

Thus etwvrene redical is strongle stahilized +  rese wrinyd

[=Ea i
A4

acetate radical is stronply unstabilirzed Jonclvmeriantlion
of the two monomers requili-es thef steble stwo o 2 radical rercts
with the unreactive vinyl acetete moncrer. ™ . orocess seeme
however difficult and hence is vrry slow to ' extert thot

styrene tends to homopol-Tmerizaticon: insterd - nelvwmerizing

with vinyl acetate.

Both the poler nnd the re-~oncnce effec’ - of ronpreps

- ed ettt in @ rcnerel schenm pali mieh it ool
be accounted tomether in @ scnerel scheme fr chieh it oA
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be possible to predict qualitatively the reactivities of tre

monomers participating in copolymerizetion. - ~n 2 ugeful cchere
. (5%

is the G~e scheme of Alfrey and Prlce("). In *“he scheme, the

resonance effect of the monomer- o2nd their v "ca2l are denct-d

by factors ( and P respectively while the mo? » pronerty of the
monomers and its radicel is Jenoted bv common “tcter e. T.e aross
propvamation reaction rate is corelated bhw the ﬂqunticn)

Kip=PpQq ( -eqep)
Where P,.I relates to radical Kq and G, to monc-or ML Gimilenl--
[ '

the reactivity ratios T, and r, &re related » the reletion ag

given helow:
K

11 G
1
I'/I = = e¥p —e/| (ef]—ee)}
Kﬂ? Qg {
4 Q :
r, = 22, 2 exp { -e, (e?~e4)}
K Q - e
21 1

By choosing arbitrary reference value for styr.one of (=1.C and
e=-0,8, a table given values of different moncrars cen b2
compiled. It would appear that all substituentse which conjupnte
with the double bond have values :> 0.5, whil~ =ubstituents such
as Cl, CR and alkyl have values <: 0.1. The ~ wvalues sinmilerlv
are different for the electron donating and el~ctron withdrawine
groups, Then monomers i.e. mnleic anhwdride - a value of +1.7
indicating an electronositive double bond. On *“e other hand

monomer i.e., isoubutylene hes e=-1,1, In hot rcses the
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homopolymerization appears to be difficult because of the
repulsion -of like molecules, It is evident, however, that
copolymerization of the oppositely charged mcnomers would

be posesible readily.

Although the Q-6 scheme is useful to anticipaste the
reactivity of monomer in a copolymerization reaction, infact
it does not account the st:ric effects of mo-::mers which am
equally irmportant to influence the reactivii - of monom
undergoing copolymerization. Ster s effects *-herent in
monomers would inhibit their hemopolvmerizos on end cinilrzlv
tend to inhibit their copolymiization. Bu+ . :ae time therc.
effecty are overcome and nullified by sozz ¢l or effects,
Exemple to illustrate the ssme is of mononcr ..g., mcleic
snhydrides and stilbene, where the steric of .:ts dominzte
making the homopolymerization oI the indivic ::1 ronocuers
difficult. Both these monomers get reedily »  alwveerin:d
because the poler effect dominate to over:o. : fhe asteric

effect to yield alternating cowclyuer us,

H|C= CH H'C-'-—_-_ CH— “H— CH -
Oy 5
+ (]: ' l " ~
Ll S S N .
C\/\ N NP - %“o-*
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1.5. Effect of Creani~ and incraepnic cclite --d their ron-

plexes on Cooolynerization of differert nenomers:

e

Most olefinic molecules for their »o* ~riwshicn =nd
copolyrerization reguire some form of activa®’ a2 that mey e
supplied by thermal photochemical or by the . 0of a2 suitable
Catalyst. The pure thermal initinstion is exhi* tod by very
few monomers such as styrenc and methylmethner 1lete. Styrene
is known ©vo be most active ~t tewmperature of 47992 1% chowe

a thermal self initietion rate of 4% per hour mils pethrlema*tba
(:r\

PES

acylate has an activity of only about 1% ths" ~f stvrene®- -7,

In contrast to these studice, vinvl ncetnte, - thvl acrrlete =nd
vinyl chloride show no imersuresble polymeriz-*:.on rate uoto =&
temperature of 100°C. Honomers even in the h* -hly vurified nhrke
may not polymerize thermally f they rre in ¢~ 2oble of forming
reaction dimer intermedistes. Polymerizeoticor Foalse bhe eanrvrias
out by using certain organic and inorganic =" 7s 2nd their
couplexes as a substitute of catalyst, These a2 discussad i~ 1 i-

dually in more detail as follows:

1.5.7. Folvmerization usiug orpanic cntalvat-:

Among, the most commonly ured compourde =hmich ere ¢ .nven’ ant
to catalyze the polymerization renction ore #. zombounds and the
peroxides, They Pre usiually rolecules of mols - Llor weipht hes-wor

100-300. These cempounds under the condition 7 reaction sln-lw
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deccempose and precduce fragement which carry with thew &n uvanouded
ligen function or orbitals which react with the IJ-electrons of

. . \ -5
a colloiding nonomer to form covrlent nigra nonc(56‘"7),

Out of the important perdxide compounds which are us:d g
cetalyst in polymerizaetion are benzoyl peroxidaes, dicumyl o rmoeride

acetyl peroxide, t-butyl hydroperaxide, di-t-Lutyl percxide oo,

The formation c¢f radicel by the therns? deconpocibine clf
these peroxides are similear to each other. Tv . o diconyl veln o 7o

decomposes as:

Cra CHy CHj
120—140 . ‘__ .
CGH5 c 0—0—¢C C6H5 -2 CE“S? ¢
CHy CHjy CHj3
Advertage of the above mantioned compounds i: rhnt theoy cover
fair temperasature renge snd sre essy to hundl.. Uhese sdveniio..,
however, & serious drawback in the use of th-: . coupounds . ..,
peroxi~ic coumpounds is that they poscess oxi. ' sing charscter ..

hence show corrossive action. Alse the forwisl.nu of undosiruslo
product takes place simultaneously in somc it o ence durding Hhaly
reaction with monOmers(58"67). It is therefor.. of ecoencideranl.
interest to find some elternstives which are mee from thco
defects. Azo-compounds such as 2-2'-a~obismetn .l isodbubyrite .r:

found to be & good replacement in some céses over the peroxidic
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compounds. like the latter these compounds 1l - decompose w»ith
e . . . s
the Tormation of free radicals snd nitroper i: “iberated on

decomnosition accordinglv Aas follows:

-~ -~
R-N=I-R —» I +R°+R*
- [

Zome organic compounds althoush thepsc® '8 de not evoon

as cetalysts in vclymerization resction, thei» ~rererce wikth v

Tuniesl evaneTom

o

monomer enhance and facilitst~ nolwvmerizaticn.

of such compounds fre of thz praotoiritiators -™’ech inclure
(&0
(66) 41 (62) (70) qun

compounds such as acetone her aad moin
ete. Usually theee compounds decomwpoce rith + - abrorption of
U.V. rays to produce radicals <hirh initicto = ¢ rrowth of
polymeric radical in monomer by undereroing re-~-inn involwin:-
the olefinic bhond e.f.,

Au

CH 00 ———D~ -C:ch}pcw ———> 3

CH5+CH2 = CHX —————— —CHE-CNQ-CHY

Crganic vetdyes such as fluorescein, trynafis ° - »2ad ehlorn-
phyll also catalvse polymeri:ntien in a cdinil  wox ond oras
(717

useful sensitizer to polymerise styrere cv ol methyl mefhormva

1ate(72). The mode of their resctica invalves - gimilar tvna o

nechanism as mentioned abnve.,

The organic compounds Aactiny n= cotrlvy ' in nolymerigzstior

reaction besides their appliceticrn a5 photose < tizer ete, find



also extensive application in crosslinking polvioer to enhnsz.
their mechanical properties. Cf courss wivthoat the intircdnesic .
of thermal sta2bility and iwmportent wropert)cs such as elasticity,
tensile strengths znd rigidity. Thie cep boe illustrated by ths
semple of e.p., rubberc of the diene tyreec. These polvdicnacs onrn
not be extented to ony decired length snd (orld bree% by an
arplied ferce with the intrcduction of cronslinkoges in S oyota
the oxtengsicn Yo any desired lenrth ¢f the wntericzl woule sz
pcegeible, The aechenizm of crezslinlding ro o oer By fhere Lo wonic
compounde rexein apzia the séme 2., attos. on thie monowors o
trne rodiecal forﬁed by the deconmpesition ¢f =vo e belyet, Tol
redicals are produced Ty shatrecticn ¢f hy.loron from bhe conciix
Crogslia%ing occurs when twe rodicels ¢ vl ia theo 2011

72

manner

— (CH5—CHX )y (CHy — CHX ip

/
N

I
[N

i‘iz
X

//’ \\(CHz—-CHX)d‘

I2H — CHX )3
—{CHy— CHX)m ' g
2 N
HoC CH=
i .!
XC- —XC

/

—{CHy—CH} )y 'THy— CHX lg—

Es

P

O =
O—C
>

L]

!

_"‘( CHZ_‘CHX )n



- 27 -

In diens, crossliaoking occcursmuch more readil; than the vinyl
’ T $ -

type of polymerization because of ths presence of adjscoent

double bond e.g.(7u)'

[‘ — =CH —=CHy 7
.._[C Hy — C (C H3) =CH—CH2] m {_LHL C{CHil=L 2l
N /
CH* Crb
| 1
CICH) C{CH3!
IR
?H ?H
CH2 CHo
I ] J/ N :
‘ ‘ [ ol Ve = .._..:‘-_:.,., J_T’"
- CHz_C(CH3) ==CH——CH2Jn iLC'.z C“"H3) CH ¢-
R
[ I"\ v M [l '
—-|CHr—C (CH3) =CH—CH2{ m i‘-‘d!-(z—-—Cf_CH}‘:—CH Chia
L \ "
T‘-\CICHQ
?H '?H
CH» CH2 i
/ 4 1
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Crosslinked polymers do not dissolve but merelw

polymers h#ve no softening zone coresvondine 1~

linear polymers. If the croeslinking density

swell, These
those of the

enfficiengly

high reactivity of the po’ymers cventuslly dic-oppeer and hance

gives rise a prigid and stable net work,

1.6. Use of Orpfno-inorpauic Compounds o=

in Polvmerization of monomers:

Like the Orpanic Comwounds se mention:
-

inorpaniec ag well As oreanc-= nav mpic Jovnangs

cr help in dnitistineg the nolrmerizetil

)
-

¥

Important ones among tre list of wuch eomror

»2r sulphnte, metal al¥yls, Friedn) Crafhe 2o

Hattn Catelwst~. There componr lc *oke verd i
hath “tany arel ot

recchiong throueh oo ro

dicenzecd hellow.

1.6.1, ledox Catnlwste:

‘ r,-r_-_r—-ry‘
In 2 series of carlicr R

LR SR

renorted that the sddikion of e+211 apeon-t o7

enhances further, the activity of the wmeproni

2

the ggueous polymerization of noremcre, Mhn

activation"” molvmerization has been “oinad ¢

£

the most complete and thorourh

(7R-84)

and colleborotors,

Il

They hnvae rerorta”

eh iy el dif v

“hevre fome

e

-;r,-': 4, el

:
Pivtn Commarp e

are robteoelsy
S k- T
3 -
- — & .
7 ek ool +
e v
(AR PR

Aiein~ o ent
L

Sebelmete 4

"podiyeokion

‘hie effoet oS

RESTAN)

B LY,

ntfoct of

P
v i



ions on the aqueous polrmerizeticn of acryle "trile, methyl-
methacrylate, methacrylic aeid, rethyl acrvl- = and styrene
by using H202 as initiator. The syster gave “ze to a much
more rapid formation ¢f polymer than bv the : -2 of H?OQ alone.,
In the absence of moncmer, the vperoxide decci mosed according

the Habher-Weise mechanism vith evaluaticon of cxygen,

L+t s AP - b
Fe + Haog > Fa + (7 4 CH
re*t + OH —> ratHE L T
0i  + Hy0, > e o« v
HO, + H.O, - HC + TLL+0,
Fe'™ + HCy > P T
+4++ . ++ " . }
Fe' ™"+ iy > T O,

In the presence of 2 monomer however the Cxrp 0 protuction e
very much reduced or evan storned owine to v ickion of tha

monomers molecule with th: chain carrvierse,

OH+CH 4= CEX >  H0-CH -CHI

The use of potassium persulghoete in combinsti o with reduedir -

agents such as argentous or Ilerrours saltz, hy 2zine) hedroron

T
PR ol
M

sulphide and thiosulphete irs slsc ecommon iv : '~¥ gretem™ -

lercaptans have &lso been reportad as suital,”  redveline acesos

: £C-27]
for use with perrulphﬂte( T,



1.GePe Metoalalkvls:

In the category of orezio metellic ¢ -ounds the oprnan
alkali metel compounds are especicrlly *+he m = pezotive ros erte

e.g. in initiating polymerization of the ol. " 'nic mononerss' " 7.

Illustration will be mede by takine inte ¢n. “deroti-m o0 @ aivl
lithium as a representative of orcano alknl otsl comooun . o 4
. . . . s ey . .+ . — .

dissociates in corpanic liquid int> Li~ an? :otons. The o)

carn~nion ettach itself to the & :uble honid 7 the wmononer ~¢

-0
follows(89 20)
(Bu Li) > TGu: o+ LY
-
(Bu Li)n > nnTi i
—_——
Bu i + C?Ig = ’Cd\.«F)Hl3 = 311—.3?1‘1..73 SR
- - C Tl Ho e ," T . |_'/’.’" _r_:T [ -;+
Bn (CH2 T 6H5) i +C..2 C.-\ S Tu=fn 7 t, r))ﬁ,‘f._
Bu~(CH,-CHC I 505 +Bu_(uhg_t"_f*r_ur’)q_;.i* e
Bun(C‘\J?—'C'HCGHI)xLi " Im_(f,":’?--’;_.‘TCG".E' 1s7
The other metal slkyle which ore in neoeo Jop Trnerioetia Al
olefinic monomers ere %e(C FE) (¢ o1 ) Tn, fdpﬁq} Mo 3

Ca(cH )? Al C1 =2nd 'q(coHn)uo Cn t°  -~ne hend theco

200 (g
alkyrle are important to form nelymer of i - molecular waichh,
Thev are of vitel u=e of on fthe other hrnd ¥ ~use thew Veoen

steroregpulerity of the polymer chsin., liore - ~2iculaT to wmenton
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in this regards ere the transition metal ha’ ' les cuch rs

1i€1,, Ti€l,,

specific use as catalyst: to form sterorecu’ -~ molimers, Tre

vey,, Cull, ArQd, Crﬁla, ani ,'Cl3 fnr their
above mentioned metal alkyls in combinntiecn 7 +h trancition
metal halides o1 esters give rise to the frve~tion of netiva
s . L. . - [Qal U
initintors known with the general neme ziec™ »v»=Fatta Cateol--¥n,. -
Two feetures can be conitrolled with the hel- «f these cakr —woba ()
the rate and (b) the specificity of the rea~*‘on but urfor* inbhel-
much devmends upen the naturz ~f ponemer inve ed in dhe rort on
and hence only & seleative trial liwits ecor- -0l over heth -7 thiore

aspects. The propagatiorn takine nla2ace »t a o bon to franritiom

metal bond, this active centre beirg anioric “n eharncter, T i-

systen is deprived of free roadianl reactinsn. -~ingce ghair 4+ 0 fam
and catalyst consumption doers »ot take m»l-e . The sctive i v
live longer than radicels ond hence behove Ve a livire w720

systems where block copolymers oon he praiun: 7 by altern i food.
ing of two monomers. From the verious resc*%i - menheniem s omertnd
so far, a common view is that retive centres ' —e loerlices v’ v
than wigratins and K —-olefin is comnleved 7 the treneted -

metal centre prior to incerporctirn inta th - ~hain 3 e, ot e

alwnve from the metal end of the ~rawing che’ . Tha s etivas

. - . - . (",'|_('.F',\
gpecies can be then either be rer met=2lli~ - Hlmotalllc( L
Watta and his associates prornsed » mechnai fenowtlah cob e

-

centre is formed by the chemirormtior «f =“n Tackroveriti-c b
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metal alkyla, on the co-catalyst s

.
deficient complex(go).

-

Cl . R+ R

T,": Al

-

cn/ e’ \R

Following the partial ionization of the el¥xy .

wielod

nr an electren

wridge, the

nucleophilic olefin ferms a Il-complex with tre ion of <he

transition meta)l and the monomer is includecd

ring trensition state.

The monomer is then incorpcrested inbe

the Al and C allowing tiie Terensra

CH ™

in g

T
Y

couplen

21X menbersd

CNaLT LT L

[ W

?
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(ap-ca

The majority of workers %) believe: uouever €,

d-orbitals in the transition e_ements tre LThe uais Poncens Jom

]

the catalytic activity and that chiain growth cocure at ithe

titenium~alkyl bond. The attacking ponomer e:: ontially nen colar
forms a c¢omplex with the titanium,
CH e\ s
2 i // C
el | |
Ti—Cl + CH==CHCHyj/— Cl'—Tl"‘"—"“
c1/‘ N Ct/;\, CHy
T o !
2 ¢l C/HCZH
| LUK CHy Q / 3
| ~ |
I—-——I-Cl—l}Tl\(i? Cl——u——-CHz
¢ ll CH» >| -
CHo
l fren
S
o] = Cl Ti% CHo
C(//l[
Three essential pointa inveolved in the abave w_ohanian are 0 7o
as under,
(1) 7i7* i5n has an octehedral valency snd herco form co.olon -7tk
the monomer. (2} it predicts an alkyl o trancition nchul baal, owo

(2) the growing polymer chain is alwsys attseh:d to the rrsitics

metals,
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1.7. Clefin pelvmerization in presence of inorjranic s’ s

Since the lost fe veors atitermts have heen mzde to
the effect of inormarnic salts on Fhe polvzerization of wencn

The previous workers show thalt the pure inor-unic salthe

ZnCl,, 4101, BOl,, TiCl,, 4nCl,,

definite influence on ithe r-hte ¢f nolymeriziiion

Lewis acids an often nearod ws Iried=zl Cruf.

- SR ¢ 1 e Y- o LA -~
AlCla, hFa, Illblq-' n)ﬂ(alq’ teler oot in *he
of the monowers bubt usuzily they ore roi th
larly active to wvet «s initiator. Thay jmain

with the Co-fatalyst LIl Lo net as n proton

The menersl mode of reaction way he

fellowvinrm eguetion,

Mx v BH = (st )™ il

The probable steps in initieting polymerizo

H Ry Hooov

AN = N

C=C J L
W \R2 e

+
4 sMxy | ——=0 oo

~

(a8

[
L e

£

-
ES

o lvan

RAR & agh

A

meaewe v

~ s mgertantion

alene

LLosranenian b

—r—

RIS
FeClB, CdClp, ZrCl,, icl,
st oi.e

MR
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It would be clear from the above that the mechanism has totel
similarity with the Cationic type of initietinz polywerisution
proceeding through the formation of carboniuv - ion., Proton is

added to the double by the reaction of the IZ-slectron formir,

a complex in the first step. The second =tep ‘& simply a rlo.

intermolecular exchange reaction.

A more recent study in the polymerizotcn of wonomers
such as methyl acrylate, 4-vinyl pyridine. vir... carbszole end
acryloritrile also show that sowe ceric salt -re alse capatlns

”.

to initiate polymerization of the sbove meunti: -ed wonemers

It is reascreble to assume thst thece sults (os.rdinste it

monomer suchk as scrylasmide,

CH._=CH""'C X

NH

Oversall more interesting is the Uuew that the  oroanlo ;o olh
i.€e, ZnClg, AlCla, SnCl4 end nlBrz cte. enha - e The Totbe o
free radical homopolyuerizaticn, covolyuerizati-.. and terpol: -

merization of vinyl monomcers preiiculerly cont iulng counlue: -

. 108117}
nitrile and csrbonyl ﬁroﬁps 7. The enhonc.. ont hes bee
attributed due to cowplex forsation betwson, U ralt ons -

monomer giving rise to am increace in the del:solizution ol

o



electrons in the complex monomer comnzrved to

-

CH,=CH-C = N+zn::1? —_— U=t

1.8, im and Chiect

The majerity of vinvl and 2'lyl polwvre
the aid of cotalysts which can irvi-icte snd »»

in monomers through free radical mechanism,

bond indergoes simple additior renction throu

mechaairm, Such catsalystes rre *he rroun of 57
A

orgenic peroxides, azocomrounds, di~oratiiossh

comnounda, gome Murelv liorpsiic compounds s r

—_ -

T

AT N

Jaa St

1
.

e free moromer,

BN Iy

agnte chein recchieos

or heln in initiotineg the olefinie welyreri-t

irclude Tewis acids, Zisecler "riha cobeldr-b o
catalysts and metal alkrle. A1l %hare antnl- o
doug zhanpre in the field of nol:reor crapmicrkos
of remulsr structure and can he carricd ot s

00t

I not cehive alowe

oy

)

7 these catalyetes or

choleet which help in preduning r~ovive o

COo=—

O

the rezsction.

A number of wnrkers hove Yoon ooarenti

]

ystems ¢f radical reactions brsel on weetallis

¢

them chelate complexes of frroacifior nchnln g
iritiating vinyl and allyl nelyrerizotion. av
initintion system mirpht bhe of interect wWwhieh ¢

by chelate interaction with zhucther conmnonent

system. Here also the chielote iteelf and othe-o

e
cleTm oor fon
©ooenmrmounds
nte, AoeAd..e
Vg Y- Ans fom
* :’“‘_:_ 1
Terat Dpr S
A L'l"f\. gt
Toorednes
| SN "75'",’,‘-‘( +

"he

the ol«finia

new ini i

comylavec,

!

e
3

~ran

the

~
o

new £
rarnoet
ree 07 o
initiction

=nonent of

AR
Lo

e

~
(-

e e
eyl T
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initistion syestem do not necersary act zs e” 7 otive initinten
for redical reactions when they are used inde ondentlir. YBecides
the metnllic complexes tae nurely inorranic -~ 1ts 1ile 7101,

LiCl, A1C1_, etec. are s=succegsfully been used °  enhuncing tio

5
frec rodicel polymerization of vinrl and 17" menomers inidi- %ed
by orpanic peroxides and az>y-rcomoounds., But e suTmver of Loe
literature also nrovides evidences tthat therms "o initinted »~7-o
merizetion and corolrmerization of vinsl ons - 111 nonomer:
ocenr snontaneouslv ir the vresence af ZnCl. ithont +ha 27 i tiorn
of eny radical initistor. The mechrnism coye "o the lriaats
deteils of thie twvpe of radicnl roliymeriznt™ . and comolym -i.-Hie;

hos r.ot yet been studied thorouithly.

The use of all above men%ticned cote’- " gfneir of

catzlysts involve meny complicrbicne lile r~v- "1=2hility, vreor mntio:

of orrenic cetalysrts, co-crtrlreta and pets"7 ' cornlou-e R C
phveicochemical studies ete. These commlicst’ oo waw e

3' 2o
remcved by slecting such an initinticp svete hieh apes fpes, -7

.

theee involvements,

Therefore this work wos crr-ied out ' averrome tho ¢ -o-

CoAriticeips oo

mentioned comnlicetion= nnd fto eolent a efrme

The simple initinting syeter rmav be 1ilke *ha  -n o dnnean’ | el i
towether with zinc chloride., ™ese ¢-1te do 0 0 irpvolve al-
preparation and fre economicsl -1l nayr be ur "lrne Fooome ot o
zation reactions. It is ebsrrved that live L 3, othor fur> e e
salts form comnlexes witl. sorvicenitrile, »27-7 2lceohol, netnrl



acryvlate sand methvlmethacrylsate denending vrer +the solubility ~fF
inorganic galfs in the monomers. 3ut tvcse er * o which do ne* fope
complexes end are not soludle in the monomer - v dacrersa or
increase the rate of thermalls initisted polx -rizetion. It wor He
perhaps due to the adsorption of the resctine —amomers om ke calfd
surfrce of inorganic salt. The cracks and imre feckinrns Af the
crrstals of cetelysts sct as the cetive certr: to release the
radicals. For this purpose, the effects af i+ .voanie salbis wvare
studied on the monomer reactivitw ratiosg, nel? - nlar weieht end o
other phyvrical pronerties of copclrmere. e ~~tere eal-otad "o

the Etudy are:

Styrene-acryloritrile
Acrvlonitrile-allyl alcchol
Styrene-allyl alcohol
Styrene-methyl zcrvlate
Ctyrene—methrlmethacrylote ond

fiervlonitrile-vip—lidene chloride

Two twyper of ineorcenic ecelhe rpe =0l a0, Dope o0
are colubhle in the moneomere nd ogpe of S T cIuhiog,
inorpanic saltr eclected ~e aornoer eMlordde, conr T oMot
strontivm chloride, verenry ~hWle g0, coirdu Clemide g o ?
chlomide, zinc chleride, mlnto-"r o-"ernida, el et lerid

chromium chleride.



