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Introduction

Inabricfperiad ofabout four decades ofgrowth of

polymer science in India, no field has recejve as
much attentjon ag kinetics of polymecrization. Work
has been carsied outin more than forty lahoratorics/
inslilutions/un.ivcrsilics. Virious aspecets of kineticy
of polymerization have been covered (per cent pu-
blications in the bmckels); (i) Red-ox (47.7);(ii) Grafy
polymerization an( copolymerization (12.9); (iii)
Photo (9.3); (iv) Zicgler-Natta and metal alkyls (3.6);
(v) Phase/charge transfer (1.8); (vi) Electro-initiated
(1.1);and (vii)MisccHancous (12.2), Investigations on
these aspeets have been briefly and critically re-
viewed in this article institution-wige, The kinctics of
condensation polymerization has reccived much jesg
attention than it deserves, Somesuggestions havealso
been made for carrying out future work in this ficld.

ANSTIT UTION-WISE WORK

Bhabha Alomic Rescarch Centre, anbny

Kinetics of polymerization (aqucous, solution,
emulsion, solid) of vinyl benzoate, dia“y!phlhalatc,
vinylidene chloride, trioxanc, phen&] acrylates and
phenyl methacrylates by y-rays wigs reported by
Rao, Panajkar ang coworkers'2, The feasibility of
obtaining controlled molecular weights of the po-
lymers was suggested. The effect of solvents like
aand CHBr, was studied. However, cx-
tension of the work to industry, cost-benefi tanalysis
and unambiguous nature of initiating and terminat-
ing species have not been spelt out,

Central Leather Research Institute, Madras

. The preparation of m-crcsol—formaldehydc and
polyamide resing by interfacial and solution polymer-
ization was reported by Sivarami Reddy eral? but the
specific utilization of these polymers was notindicat-
cd.Reddy eral determined the reactivity ratios in the
copolymerization of acrylic acid and acrylonitrile,
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They also studied the kineties and mechanismins po-
ymerization ofmethyl nlClh&l(’l‘)’klI(.'.Zlnd acrylonitrile
by the initiator System,  M-ascorbic acid-0,
(M= Cu(In), Fe(111), VO(I)|. The systemofmetal jo-
ascorbic acid-oxygen as initiating Systemis notewor-
thy, particularly when OxXygen ig gencrally, an inhip-
tor. Therole ofoxygenas suggestedis conjectural ang
henee a more systematic investigation supported by
experimental evidence is necded, Copolymerization
of methyl acrylate in-the presence of poly(vinyl chio-
ride}-co-poly( vinyl acetate) was
also reported. '

Defence Research ang Development ()rganization,
Delhi '

Nitration of polystyrence was studicd by By jaj etal®,
The work of Deb and Kapoort on polymerization of
mcthyl methacrylate, styrencand vinylacetate inj tiat-
ed by benzoyl peroxide (Bz,0,) and azo-bis-
isobutyronitrile (AIBN) at different coneentrationy
of the latter indicated (hat two different kine(je
Paths—non-idea] and anomalous—were operative, A
detailed mathematica] analysis of retarded polymer;-
zation of (n'butyllin-mcthyl methacrylate yiclding ali
rale constants wag made and this needs to be ex-
tended.to (_),tl]c(;:etardcrs, ifany, to prove its genera|
validity: B :

Harcourt-Bu(jer Technological Iﬁ’sti(u‘tcﬂ, Kanpgr™®
Srivastava and Mathur? investigatedithe effect of
various initiators iy the copolymerization of styrene
with methy] methacrylate, Polystyrene with living -
cnds wag copolymerized with bis-phenol-A ang after
phosgenation, block copolymers were separated.
Methyleneblue and crystal violeg retarded the polym-
crization ofstyrenc and mecthyl methacrylate. Results
of Y-lides ( B-picolinium /~chloroph “nacvlide) cargl-
yzing the polymerization of a-methyl styrene and en-
tionic polymen'zalion_ ofmethyl acrylatcand AsCl, by
Srivastava®; cffecy of zinc bromide on copolymerizy-
tion of styrene ang methylacrylate and Kinctics of al-
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- kali-catalyzed polymerization of cardanol and for-

-+ maldehyde were reported. The work on Y-lides asin-

itiators needs 10 be extended for understanding the
miechanism and, possibly, the usc of the former in in-
dustry and synthctic organic chemistry.

Indian Association for Cultivation of Science, Cal-
culta )

Palit and coworkers hive carried out pioncering
work on various aspects of polymerization and the
credit for heralding polymer rescarch in India during
the past more than four-decades should g0 10 this
group_to a great extent. Initiators used by Palit er al”
were: Bz,0,; S,047; H,0,; acyl peroxides, com-
plexcs of Co(lll), Mn(llI), Fe(ll)-amine, "Ce(1V),
Cr(II), Cu(ll)-aminc and various red-ox systems.
Studies on dyc sensitization involving amine activa-
tors and thermal initiators, metal ions and metallic
soaps were carricd out by Sen ¢f /' and Nandi er
al''. Kinctics of the rates of hydration of poly(vinyl
acetate)-co-(poly maleic anhydride): effect of ketonic
substitution of double bond; chain-transfer studies in
organic solvents catalyzed by. B7,0, and AIBN were
reported by Guptaand Palit'? and Roy eral"*, Studics
werecarricd out on the diffusion controlled copolym-

crizationand the effectof monomer feed on the termi-
nation constants by Maiti eral.' and Kar eral's. Eval-
uationof chain transfer constants in the binary system
of solvents; retardation by red-ox dycs; photochemi-
cal polymerization of methyl methacrylate in bulk
with systems likc CCl, + anthracene (phenanthrene;
BuyN) or H,0, + sulphonates was also reported.
Chain transfer constants were evaluated for polymer-
ization in the solid statc by dye techniquc; industrial
applications were cited and the limitations of Mayo's
cquation were pointed out. Hydrogen abstraction
and electron transfersin the polymerization ofmethyl
methacrylate by hydrogen-peroxide; determination
of cross constants and Melvilles constants in copo-
lymerizations by Das, Palit and coworkers' and equ-
ations for distribution of molecular weights of polym-
ers by Chatterjee, Palit eral ', detection and estima-
tion of polymer end groups( 50,; COOH,OH, halog-
ens, SO,0H, amincs) and modes of (crmination by
‘dye partition” and ‘dyc interaction’ techniques are
some other studices reported. ‘Reverse dye-partition’
technique was employed (o study  hydrolysis of
amides and parameters like reactivity ratios, cfficien-
cy of grafting and ofinitiators, degrees of substitution,
and branching were evaluated. Kinctics of emulsion
and heterogencous polymerization were studied and
the effects of miscible blends and immiscible diluents
on termination rates were reported. Deviations from
normal Kinetics were explained when red-ox systems
like PCI-SO,Cl,; S,0% " ~thiolactic acid are used.
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by a polynomial cquation. Step-wise reactions i

“whether the accuracies of the molecular weights have

A Co(1ll) and of acrylonitrile by Cu(Il)-imine chelates:

N-br()m()wccinimidc-rcducin‘s_,{. metad s phod
chemical initiator, methylene bluc i i et )
ferric laurate-organic amine as an etficicnt ingiason .
hon-aqueous systems were the other studies repu
cd. The estimation of end groups hy dve pirtiticn
technique has been recognized internationally s
fine tool. : A

Indian Institute of Petroleum, Dehra Dun

Sagu and Bhattacharya™ have carricd it
raditation-induced polymerization of trioxane witl;
and without penta-acetyl glucosce and tetrahvdrofu
anand reported thecorrelation of various pAramciens

cresol-formaldehyde reactions were reported by
Gupta and coworkers'. The bulk copolymerization
ofstyrene and methyl methacrylate, togetherwith the
determinaton of molecular weights from mnteraction
parameters, were studied. It has not been indicaied

been verified by other independent methods.

Indian Institute of Science, Bangalorc

Hydropolymerization of acetylene in flow system
under pressure over ZnO-chromium oxide incorpo-
rated Kieselguhr catalyst; solution polymerization of
furfurylalcoholin dioxane with HCl as catalyst;kinet-
ics of formation of poly(vinyl formal); thermal de-
compasition of polystyrene peroxide and the role of
cupric dipivaloylmethide in vinyl polymerization are
some of the studies reported by Chanda and cowork-
ers*and Kishore and coworkers®! Polymerization of
methyl methacrylate catalyzed by the compleses of

solid state polymerization of sodium acrylate fol-
lowed by ESR and DSC studics of the polymers were
reporied. Kishore and coworkers® have carried o
thermochemical and kinetic studices on the oxiditive
degradation of polystyrenc and DTA studics on ther-
mal oxidations and crosslinking rcactions of carbox-
yl-terminated poly(butadicne). The thermochemical
investigations and solid state polymerizations ivould
haverclevance to space scicnce and arc to he pursucd

further.

[ndian Institute of Technology, Bombay

Polymerization of methyl methacrylate induced by
y-rays in the presence of nepatic and chalesteric li-
quid crystals(cholesteryl oleylearbonate wis repor -
ed by Biswas eral** and Deshpande and cowarker,
Harriat mechanisin was found to operatein theemul-
sion polymerization of vinyl acctate and Zicpler-iNat-
ta mechanism in polymecrization of styrene catalyzed
by Cu(ll) + AlEt, (or AIELCHin n-hexane, Minimum
end-time policies in batch and chain addition polvim-
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erization were reported by Deshpande and cowork- tion ‘of styrenc with Fe(Il1), of acrylonitrile with .
ers. However, the utility of data o the industry is not Ma(Ill}mannitol and variations in DP (degree of po-
indicated. ‘ lymerization) of poly(vinyl carbazole) with the initia- o
tors, PhMgBr and BuMgBr and sulphur vulcaniza-
Indian Institute of Techn logy, Dethi tion of SBR rubber. Work on polyvinyl carbazoles is -‘§
Bajaj and coworkersS, and Babu and coworkers®™  the special metier of Biswas and coworkers and needs ‘
havereported emulsion polymerization of styrencin- 1o be pursuced further.
itiated by S,03" and copolymerization of styrene
with vinyl methyl diacetoxyl silane. Polymerization of Indian Institute of Technology, Madras
N-butyl vinyl ether with SnCl, as initiator, of iso-butyl Kinetics of vinyl polymerization initiated by var-
vinyl cther with ZnCl, in CH,Cl, as initiator and po-ious types of redox systems was the subject of inves-
lymerization of acrylonitrile with Cr(VI)-glycerol as tigations by Mahadcvan and coworkers - ¥ The ox-
red-ox system were reported but the objective of idants used were Mn(11T), Fe(111), Sn(IV)and Ce(1V)
| thesestudiesis not indicated. Solubility studies on po-  while the reductants were allyl alcohol, POCI,, chlo-
l ly(bchzimidazoles) based on UV dnd visible Spectra ro-sulphonic acid, thiodicthanol and propanc dini-
have been reported. A model for tubular reactors trile. The mechanism suggested was that the complex
with diffusion on the walls was described by Nigam  formed (oxidant-reductant) decomposed, yiclding
| and coworkers??, but the utility of the data to the in- initiating radicals and kinetics were followed though
| dustry is not indicated, | . - evaluation of rate and thermodynamic parameters,
T ' ' though the significance of the latter was not dis-
Indian Institute of Technology, Kanpur - cussed. Other initiators used were AIBN in phospho-
Studies on the kinetics of olymerization of ethy-  rous oxychloride-trichloride’ and dichlorophenyl
lene oxide and terephthalic acid catalyzed by tetrac- phosphine, tris(acac)Mn(111)-NH,OH; phase trans-
thylamine in butanol; step growth polymerization of  fer catalysis; V(IV)/V(III)—N~bromosuccinimidu;
. monomer with unequal reactivitics; cffect of solvent V11)-Bz,0, in DMF red-ox systems and ammaonium
and clectrolytes on the polymerization of acryloni- ~ hexachlororhodate. Though a number of red-oyx type :
trile initiated by Mn(IlI) were described by Bhatiaer  of catalysts have been uscd, there is nothing signifi- /j
al®* and Gandhi and coworkers®. Kumar and co- cant cither about the mechanism or the use of catal-
workers' have described sev‘leral types of reactors  ysts/initiators to the industry. o }
- under diverse conditions of polymerization which arce - T .
- of greatinterest to polymer in ustry/technologist. National Chemical Laboratory; Pune
" ) T Kapur and his associates have carried out a prei

Indian Institute of Technology, Kharagpur =~ (el of investigations.in polymerizations initiated by
Studics on kinetics of Bz,0 Jinitiated polymeriza-  Zicgler-Natta catalysts and red-ox systems 1o some
tion of vinyl csters in bulk andin s_olu(ion,’cvalualion extent. The mechanism of kinctics, evaluation of
()fchainlra.nsfcrconslanls,;_qndihc.molcculurwciglus chain transfer constants, determination of microa-
> ofpolymers were reported-hy Patra and coworkers! tructurc of products; design of rcactors, thermo-
and Kurianand coworkers*2, Polymerization of N-vi- chemical properties were other interesting aspects
nyl carbazole in C;H, and of viriyl ethers, initiated by _,sfli_g,'cii;ccl. In the copolymerization of methyl methae- .
metal oxides of Group V, was studied by Mangaraj rylate and acrylonitrile and methyl acrylate and iyl -
andcoworkers* and Maiti and coworkers*. Theme-  chloride, the effect of temperature on the reactiviry
" Chanism of initiation by carbon black, (C,H;),Zn"  ratios was studied. A new statistical ‘procedure by
: Co(I1)Cl, BuMgBr CrO,Cl,, LVZOS, SOCI,, and  Joshi¥indicated the importance of Arrhenius activi-
Ph-MgBr was found to be cationic-and the cationic  tion cnergy rather {lian entropy of activation, Kipin
polymers were found to cxchan%c'with Cu(l)inthe  and coworkers®-42 used bifunctional peroxides.,
presence of zeolitic'molecular sieve whose role was Cu(Il)-hydrazine and other red-ox systems involving

also explained by Biswas er a/35, P‘olyme;rizmion ofa-  S,0f and Zicgler-Natta catalysts, [ZrCl,(ZrCl i~
methylstyrene, N-vinyl pyrrolidone \\'ilh’ph()sphonyl ATEL VCI-ALEL,, ctelfor the polymerization of iso-
chloride and CuCl, as initiators and of butyl vinyl prene and vinyl monomers, R

cther by CrOCly s initiator was also cexplained

.

through the cationic mechanisny. ""l‘,hc order of reac-  dndian Petrochemicals . Corporation  Limited =Y
tivity of metal.oxides in the bulk polymerization of (IPCL), Baroda
N-vinyl carbazokd was: V,0¢ > l\;/ln()z > TiO, > Studices on kinetics of polymcrization of acryloni- .

Cr,0, > NiO> ZnO > Cu,0 > CuO. Workwasal- —trile initiated by Co(Acac),-AlEt,; cationic polymeri-
soreported on clectro-initiated cationic polymeriza-  zation of a-methyl styrenc and isobutyl vinyl cther by

|

|

J4,




.

i

JSCIENT IND RES, VOL. 47, AUGUST 1988

t-butyl chloride/dicthyl aluminium chloridc and cop-
olymerization of acrylonitrile with styrene by Co(/\c-
ac);Et;Al were reported by Sharma and coworkers*
and Trivedi and coworkers™. The possible replace-
ment of the conventional catalysts by those deve-
loped by IPCL with cost benefitanalysis has not been
indicated. :

University of Bombay

Dharuwalla and coworkers have carried out inves-
tigations of applicd nature and also studied the clee-
trokinetic propcrlics'nfpnlvmcr-; Somc otherstudics
reported from this university include: Catalytic depo-
lymerization of polyamide fibres during acid dyeing;
variation of molccular weights of poly{vinyl acctatc)
in bulk and in glacial acctic acid**; acid hydrolysis of
melamine-formaldchyde resin in the presence of
MgCl; condenscd on cotton fibres; polymerization
kinetics and propetics of polycthylene terephthalate

- (PET); electro-kinctic propertics (G-potential, sur-

face charge density and conduction) of poly(oxy-
methylene)fibres in the presence of dyes**’; and for-
mation of acrylic esters_initiated by monoalkyl sul-

phonic acids.

‘University of Calcutta

Extensive investigations were carried out by
Ghosh, and coworkers™ *onred-ox, charge-trans-
fer(C.T.)elcctro and conventional (Bz,0,and AIBN)

initiators for vinyl polymerizations and copolymeriz-

ations. Examples of thermal polymerization kinetics
studied are: furfural by H,PO,; vinyl monomers by
8202' with sodium oleate; copolymerization of vinyl
acetate and methyl methacrylate, polymerization of
mclhyl mcthacrylatc in DMF initiated by cetylpyridi-
nium chloride-Bz,0),. Examples of photochemical
initiators including charge-transfer agents uscd are:

* $O,Cl,, quinoline (picoline)}-Bry(Cl,), Bry(SO,)- pyn-

dine, benzophenone-allyl anilines, cte. I all the in-
vestigations, mechgdnisms of initiation were suggested
and kincticand thermodyn.muc properties werecval-
uated. However, the mechanisms suggested were not
supp()llcd by other independent methods. Monoch-

“romaticity of light was not maintained and quantum

yields were not evaluated.

University of Delhi
Nanda and Jain®** and Malhotra et al** have car-

ried-out theoretical and statistical investigations con-
cerning condensation polymerization and such stud-

ics need to be pursucd to covertheentire g,amutofpo- ,

lymerization. The cffect of impuritics on various rates
and variation of bimolccular ratc constants with chain
length following mono- and di-anionic mechanism

was cxamincd on statistical considerations for poly-
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condensations. Kinctics of alkali-catalyzed conden-
sation of p-cresol-formaldehyde and N-carboxy an-
hydrides were studied and mechanism clucidated.

Dibrugarh University
Many workers™ ™% have used charge-transfer

complexes for initiation and have evaluated Kinetic
and thermodynamic parameters in the pn.vnwn/ a-
tion of methyl methacrylate, 2-vinyl p\,ml;m T

complexes, such as 24-dinitro phmylh',dx Zing-
CCly: Fe(lh-urea; aliphatic amine-CCl eyelopen-
tylamine-CCly were used. Retardation of AIBN i
ttiated polymerization of stvrene with {sulphosidiovt
ate)-Fellily,  of  methyt me thaerylate  wiib
M, CHONFL-CCl i DMSO as well asovithy b
aniline-CClin Me SO - of styrene with CulM T
were discussed. Rate consamts for poivistvreds rade
cals with u)ppu LOH][‘IL xes of the type {CubME -
dnd((u(DMI LN ‘) were upnuul Cau |l\nul'l'~_ul
and wmechanism.of complexes of DMSO + l\h‘Hl
Ru(11) in the polymerization of actylonitriic i
by AIBN were explained. fowever kinetic and tf:
modynamic paramcters and mechanism ol €1 con
plexes has not been discussed. - '

!

Universities of Jabalpur and Jammu

Work onred-ox \vsu,mxmnuuulvm\"[ml\mux/ -
tion u«pl(umng the nature and mechanism of initia-
tion and termination and cvaluation of kinetic and
thermodynamic parameters has been donce by Mishra -
and coworkers® % although there is no raison d'etre

orinnovation about red-ox catalysts studied. The sys-

tems cmploycd were: S,0f “-ascorbic ac id-0-:
KMnO,-tartaric acid (lactic, citric. glvcoluc maleie
and thiomalcic acids, mercaptosuccinic and -lactic
acids, -oxalic acid, pyruvic acid-glycine- cysteine):
$,0¢lactic acids (thiolactic, thiomalaic, llm)
Ce(IV )-thiourca, (thiomalcic, lhl()glycnlu acids, 1.

butancdiol, malcic acid, cysteine: citrie, lactic avid
and glycolic acids); Mn(llT)-glycerol: (u(ll) S5.0:0

BrO,-Fe(ll).

Umvcrsnly of Lucknow
- Misra eral® and Shukla er al®® cIucnd.llcd the me-

chanism of kinetics of vinyl polymerization and ch'nn
transfer. using conventional catalysts and red-ox sys-
tems. However, red-ox systems chosen were routine
and arbitrary and were not bascd on any pnrucu!ar

objective.

—

University of Madras

Santappa and associates and many olhu workers
have investigated kinctics of vinyl polymerization—
photochemical and thermal. C.T. complexes” of the
type Fe'* X~ (X =0H, CI, N, citrate, t))\dld((.)\\'(‘l(‘

.
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uscd as photoinitiators and heavy metal ions, Co(1l1),
Ce(1V) without any reductaht®2® were used as ther-
mal initiators. Red-ox systems involving Ce(1V) and
Mn(HI) were used to a limited extent. Chain transfer
constants werce evaluated in various solvents. Heavy
metalion thermal initiation sﬂ\o._wcd'iutcresting kinet-
ic featurcs that the initiating species were not OH rad-
icals from water but radicals %rom monomers. THIII),
Mn(111) and Mn(I1I)-oximc, lcad tetraacctate werce al-
souscd as initiators. Itis fournh that Cr(VI)alone does
notinitiate butin the system Ce(1V) + (f.'r(Vl), the for-
mer initiates and the latter tetminates®. The follow-
ing other systems have hun( uscd as thermal- and
photoinitiators: red-ox systenls (V) + cyclohexanol

(pindicol,” _lactic  acid), | P,08" + Ag(l)  and
Co(llf)+ butanol, P,0f{"—VO (ascorbic acid)
S,0%™ = Co(ll) - (thivacctic jacid, cyclohexanal),

Mn(m) -diglycolic acid (blxdwlh.m(»l amine, isobu-
tyric acid); Ce(1V)-thiourca (H)any alcohol), C.T.
complex systems, dye + reducing agent: anthraqui-
none sulphonate + halide®®; mono, diazido, chloro
or nitro Co(I1T) amine complexes®®. Other photosys-
tems used arc: umnyl ions; po(asxium trioxalate
Co(111); Cu(ll)-amino acid chclates, amino cthoxo
Cu(ll); dichloro- Im(acctophcr\dcychm )»-{dimethyl
amino) anilino] ferrate (11); ((r\phcndnlhrolmc) -Fe.
Condcnsation polymerization | involving polyalkyl
phenols + formaldehyde. was studied. Characteriza-
tion of alternating copolymers hk/ IR and NMR; y-ray
induced polymerization kinctics and cffect of.metal
laurates for polymerization of m‘cthyl methacrylatcin
C¢H; were reported. Other r#d ox systems uscd
were: bis(ethanolamine)-Co(I11); N, N- ~dimethyl ani-
linc-»-toluene sulphonyl chlondwc, lead tetracetate in
acetic acid; S,0%~ + thioglyC( lic acid (thioaceta-
midc); cyclohcxanol + Ag(I).T I]C chicf merit of the
work lics in the use of UO,(1I) and ion pmrs Fe(11)-
X, as photoinitiators and hcavy metal ions Co(l11),
Ce(IV) without any reductant as thermal.initiators
for thefirst time in the country. Thei importance of ca-
talysts to the industry needs to be evaluated.

Ranchi University

Bhadani and coworkers®’ carried out electro-in-
itiated vinyl polymerization and plucidatcd its me-
chanism. Electrolysis of isoprene in tetrdhydrofuran
withZnCl, as supporting electrolyte and polymeriza-
tion of the former by anionic mechanism involving
living ends was reported. Other electro systems stud-
ied were: a-methylstyrenc catalyzed by sodium tc-
traphenyl boron; acrylonitrile, trioxane and indenc.
Other investigations reportcd are: c.uhodu, polymer-
ization of acrylommle in DMF solution’of tetra-r-

\

butylammonium 10dlde atdifferent clccn odes;anod-

ic polymerizationof 1, 3, S-trioxancin the presence ol
{(CH,),, NH4(C1),Sb)). In the polymerization of ma-
leic anhydride, the order deduced was: y-picoline =
B-picoline > pyridine > a-picoline from rates qndd
electrical conductivitics. Other studies reported e
simultancous anodic and cathodic polymerization o!
acrylamide in NaNO,/DMF, *homogencous ai the
cathode by ionic route and hcterogencous at the
anode by free radical mechanism and clectro-polym-
crization of acrylamide in DMF initiated by NO . {frce
radical path). Polymerization of indence by anodic po-

lymerization, of styrene by [(C,-H, ) NH(CT),Sbl-

and of acrylamidein DMF, the inttiating species in the
former being styryl carbonium ion, was reported.
Mathematical formulations corrclating rate of initia-
tion and chain length with clectrolytic current werc
derived. Calculation of reactivity ratios 7, and r, for

" copolymerization of acrylamide-methyl methacryl-

ate; initiation by(i) NO, in DMSO-dioxane. {ii) tri-
phenylphosphing, and (iii) HCIO, in DMSO werg¢ the
other reported studies. Electro-initiated polymecriz-
ations havc currently only theoretical intcrest. The
polymers have to be-characterized for special fea-
tures, if any, let alone for their commercial feasibility.

Utkal and Sambalpur Universitics

Nayak, Samal, Lenka, Rout and their cowork-
ers®49 have published extensive work on polymeri-
zation using various rcd-ox systems, C.T. complexes
anddyes.Incachcase,mechanismhasbeen suggested
and rates and thermodynamic parameters have been
cvaluated. Effects of ionic miscclle’; organic solvents,
neutral salts, complexing agents, added ions, Ag(l)
and Cu(Il), and inhibitors have beep studiced in many
cases. The oxidants for the red-ox systems consisted
of V), Ce(1V), BrOj, Mn(lll), S,0%, P,0;"
TI(1T), KHSO,, Fe(IT), Cr(VI), MnO;. The CT.
complexes used were: a-picoline (or y-)-Br,y(Cl, ) iso-
quinoline-Cly(Br,); lipidine-Br, (histidine, quinidinc,

“-pyridine, quinaldine), fluorescein-ascorbic acid. A
£ood contribution was ma

>by Routand hiscowork-
ers who calculated the, substituent parameters for
radical reactions in the polymerization of acryloni-
tril¢ initiated by Cc(IV )-acetophenone. The compo-
sitcrate constant was correlated withamulti-parame-
tcr equation bascd on field and resonance {FAR)
components and on positiondl weighting factors of
the substituents (fand r). The effects of these substitu-
ents would lead to the understanding of reactions of
polymer radicals with substituted phenols, cte. (reti -
ders) and would also indicate whether the transition
state is polar or non-polar. Work by Nayak's school
has become voluminous because of indiscriminate
choice of oxidants/reduclants or C.T. complexes and
also has no specific objectives.
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Other Institutions

Jain™ (Engincering College, Raipur) applied the
kinetic rate theory pertaining o monomers o thean-
alysis of microscopic crystal ym\'lh of polycthylene
oxide. Jolly, Sashi and coworkers” (Forest Research
Institute, Dehra Dun) found that the reaction of lignin
+ formaldchyde followed second order kinetics and
was pH-dependent, but details about stoichiometry
were missing. Bhattacharya’ (Indian Lac Rescarch
Institute, Ranchi) studicd the kinetics of polyesterifi-
cation of 9, 10-dibydroxy-1, 16-hexadecane-dicar-
boxylic acid. The mechanism of pre- and post-gela-
tion of shellac, polymerization of totally hydrolyzed
lac and NO,-initiated polymerization ol acrylic acid
and acrylamidcinbenzencand dimethylsulphateare
some other studics reported. But, the use of these
studics to industry has not been mentioned. Oligom-
crization of styrene by molybdenum oxide supported
onaluminiumsilicate catalyst was studicd and cation-
ic mechanism was suggested by Kumar, Rao and co-
workers™ (Vikram Sarabhai Space Centre, Trivan-
drum), but the usc of the oligomers in space scienee
was not indicated. -

Kinetics of polymerization of methyl acrylate by y-
radiation in the presence of Fe{OQH), was carried out
by Sharma, Tripathy, and coworkers™ (Nuclear Re-
scarch Institute, Srinagar), Mosshauer spectra were
taken at regular intervals of polymerization but the
detailed use of the technique in polymcrization, in
general, was not indicated. Activation cnergy for po-
lymerization of 3. 3-(his-chloromethyljoxctane/
butane catalyzed by AICH, was evaluated by Prakash,
Sushant and coworkers™ (Shri Ram Institute for In-
dustrial Rescarch, New Delhi). The attivity of the ca-
talystwas found toinercase withadditiveslike thionyl
chloride and epichlorohydrin, but no rational expla-
nation was offered. Kinctics of thermal degradation
of butyl rubber in decalin and p-xylene was studied
and the dc&rzldmi(m wias found to follow random
chainscission process forwhich kineticand thermod-
ynamic parameters were evaluated by Singh and
Bhatnagar™ (Rcgional Engincering Colleg. Kuruk-

_shetra), but the latter were not discussed. Kinetics of

polycesterification of uncatalyzed cthylene (propy-
lene)glycols with phthalic (maleic)anhydride were re-
ported byMithal, Ramesh and coworkers”” (Regional
Enginecring Colicge, Rourkela). Studies by Chatter-
jec, Bandopadhyay and coworkers™ (Regional Engi-
neering College, Durgapur) of emulsion polymeriza-
tion of methyl methacrylate by sodium metal and of
styrenc and cthyl methacrylate by $,03 ™ indicated
that risc and fall of molecular weights of polymers did
notconformto Smith-Lwart-Gordon Theory.butthe
reasons for the failure have not been analysed. The
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relative meritsof theinitiators from Kinetic pointwer
not indicated. Kulkarni and coworkers™ studicd th
effectof various substituents (CH L CLBn the cha
of undecyl acrylate and undecyb methacrylive on i
rates of polymerization and found the substitient o
derasiH > OMce > CEL> Br > 1 > PhoThe hinen,
of melt phase polyamidation ol dimer Gy acids an.
cthylene diamine were studicd by Kale, Vijav and co
workers™without mentioning the relative merits o
melt phase process over the ‘conventional proce
dures. Kinctics ofaqucous polymerization ol inethiw
rylamide initiated by S,08 -cysteine-HCT was re-
ported by Behari and Gupta® (University of Allaha
had), but no specific advantage of this red-ox system:
was advanced. Kinetics of polycondensition rea-
tions of urca + formaldchyde and melamine -+ for-
maldehyde were studied by Nair and coworkes™
(University of Cochinjwwhich scems o have ondy the
orctical interest. Kincties of oxidative thermal de-
gradation of the copolymer, bisphenol-A -+ POIC]
were studied by isothermatand non-isothermal: 300+
800°C) pravimetric analyses by Gupta and Srivasiie
vakr (University of Ghorakpuriand the reaction o
formed 1o heterogencous catalysis. Pramanick ane
coworkers® (University of Kalyani} have used
Ce(1V )-benzilic acid (thiourca) systems to foliow the
kinctics of polymerization of -sivrene and acrvlic
monomers. The novel method of dve partition tech-
nique employed for determination of rates of iitia
tion in the polymerizaton of methvl methacrvliate:
needs to be applicd for other monomers s well. K
ctics of vinyl polymerization initiatest by S.0O7 and
PO and the effectof addition ol Avilunl Cudt b
the former were studied by Venkata Raoand cowark
ers™ (Madurai Kamaraj University s Red-avas s
such as Ce(IV)-thiourci; KMnO) -oxalic acai
encglycol; thioglycolic acid} cte. were used i
tors for the polymerization of N. N-mcthylen
acylamide and theirmechanism was discussed Whee
‘per” salts by themselves are pn\vu‘l’nl initiators, whe
"(I)m Cu(ID was uscd is notelear,
Polymerization of methyl methacevlate in lqmnm
su.\pcnsmnofnuunmumll.y pusmunl.u;umm.xl
cohols was carricd outand a radical mechanisim s
suggested by Talapatra and coworkers™ {Universiy
of North Bengal), but no comparison of this cirtaives
with conventional catalysts has been made. Kincne-
of polymerization of acrylonitrile by red-ox systerm
Ce(IV maleic acid {-diacetone alcobol, -isoprog
alcohol, -mcthyl clh)ll\uom Ywere m\uuuulul HN
mechanisms bascd on the dec ()mp()\llmn ol cent
plexes between CeflV) -+ substratds vielding v
sals, which initiatéd polvinerization, wa sugs
by Murthy, Sethuram and coworkers™  Osnmaia
University, Hyderabad). Polymerization of et

| '
ol
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Y H

thot,



et haeryiate anei methyt acrylate initiatey by S
tydohexanene and terminatjols or pelymer|ign af
éﬁfﬂﬁﬁi‘fﬂ'éﬁ Were otherin (Cf‘csliﬂg M"ﬁ Em's{@ﬂ’

fﬁh EBAversion of menliyl methacrylare WA
achieved by utilizing ga-partiealiiob and Qr-m%!gsm:g
NFBMatography hy Balke aild 1itar™ (Sardar byl

Rversity, Villsbh Vidyaik{gat) ieddy. Viellichy-
Fafit and coworkers™ (Shri Krishna Devaraya Ui
Versity, Anantapur) studied Kiikietics of ROV
&Fizalien of @thylmmuamwmiye and cthyl aerylaie |-
{Hated By Mﬁ(”ll)); suggested x‘ncchzlnisms ﬁﬂﬁlﬁ @V@‘Hi
ated ratc parametess. |

Summary and Stale-aificcAFt

THhe era f pelymer scicncet in India is Ayt 19
teeatles old: Early work was kesncertiesl ith il} i
USE BF initiators such as 14.0:, AIBN, eic. il {|
Sy nf the kinetics in hillk or wolikighl 19 Logtpdls
rates gf initiatom, M aiid ihe rellio of rall: camsdAllt for
propagation and tErrmif!II,allii@li.ljk/,-’k,‘ as \'efl as degrec
Bf RroIresization, DB, This WHs fullOWed Hy é’yﬁ% Ha

E8H of transfer eormtiants 1o .\)'oh-cms, calalysts, 9{?\

F

-BHEf; a8pUt of activity NGy With il {|se (;_r reg:)
SYSEM nitiators. with ‘all posshible pentillistiols e
EBMBiRationsas oxidasitsand Faluakahih. Simultalle:
BLIY: t6  smaller extlen Ziegke-Nata giltalysis and
VAFIBUS types of €..L.colaiplodes were alsa Wsed 29
Fher@rn|na;@rs:Dye-pamnowbnd ‘Reversedye par-
IHOH' Ieehiques; statisiial alliayss of polymeriz:
alfons; developmelit of heavyimiclal iangs, EafHD),
- Ee(tY) as thermuliinittiaton; hé‘x +=type &1 GQm:

PiEX&s a8 pheteinitialors; electr kineli€ properiies 8f
1BFEs IR the presence of dyes, diet raiik’tiﬁ%@t‘l BBiﬁm:
ERZdtion; vises of Zlegler eataljiss an, y=fay fHilie
tiBh aresvme ofthe significant divetrphlenls. Kingie
WiFK HAgrarking has oot hoelll included herl 28 i
forms the subject-maticr of & separAle PAPEL

ki

Stigestions for Further Worhric i -
. .Thils- )i )ce} rgv:cwsﬂcnlxc'z‘nlly and fycusey o .the
stalcloy 5?‘] ;é“ﬂ% ‘1&‘ o1 kifeties of polymefiza-

ﬁt(‘;"ttleﬁ?fﬁ;( AN i v the ;

AN e ¢ 1) than 1, uhitie-

Ei?fgﬂnﬂw %ﬁn tﬁwkl\ﬁva;?d h%lﬂaljouﬂlhgg(?lf\c i
akihg iRt eonsideration the researeh in 1he field

of KiReties of polymerization, l _

HoOns are made for carrying out fsrther wg

1: InFed-6% pelymerization, i spyitasfvast egverage,

N atterpt has been made to (i )charaeterize pol MEFS

aﬂd evelve precedures for scaling (ip; (if) synifgsize

a1 aupitied manner; (iiijsskaciing red-% COMBIN:

al16hs; (iv)develop novel catallyin! sysid s ike ligyoe:

gl%féi'é\yeg;:-and(v)transfcrtechllo’ogym,theln9H§iry:

- 1R the figdd of €7, complexes‘mld other prekdin:

[
|

cared and the full bibliograpr;y wilk appear 8|§§*

i f@”@%ﬁ'ﬁg sugges-
bK- .

SAN MyilA: KINETICS OF POLYMERIZATIGN

itjaters, thereisaneed forwork ing oit () igentific: X))
8fthe exaet mechanism and species by ol her ekl \x
|ike fiesh phetollysis, ctcto supplement JhH 1Rl %115
WAt the kinetic data, (ji Jextension afend SFOUR 14
Y418 by the dye partitiontcchniques: ithd (k1) Fa 10/t -
7107 of exaet maturc of thl pi-LSH/L .
Iniliating speeics.

4 1R eleetro-initiated polymeriz:tlion"flItlIFl work
12y eeneentrate on elucidation of () ihe iafll /1 LIf I
{hitiekor ?3@@!95‘ and the mechanisiih of 1helf generi-
Hi8R; (i) effeet of process variables like (Hrrent ..
1ty eleetrolyte conceibtzalion; (i) cost henldtf alli
fef scaling gy aild (iv) any special propaties Of Y
polymers, :

4. In eopelymerization, cmphasis may be git (|} L\
tengi8n regarding choice of navel and speeialiy #i-

MRS and initiators: (ii) evaluatiol of PQICI|fial éﬁ» '

Bh%fé\ﬁﬁﬁéﬁfthecppolymels; and (li lissuralpdiy[i.
bat‘é isf[\ the genoration and design of bW anchordd] vy:
ysts. . SO

3 The fild of 'phase transile iy i Mid (11
polyterization is fairly avirgin field g henl. Jilli;.
AtERHon \n supplestient the COINGHIIGE augp)):
sion’ or ‘clillitsion’ polyhhkerizatilin, '
fi: Ziegler-Nattatypcofiztiatystis BVl he SLr
£H more extensively with alh eye om i fise 1.4 1L iil
dustry.
7. 1t is surprising that eXcepl fil¥ oY ke 1S4
kifietie studies on the usc of y-rays, Al) SR 1
BeeH magde 1 tvolve this lCth(id or pINWGHLN 1y
IAtO & Vieble coiliilercial processilh neliil.
8: Kineties of condelisation palyrdsi/siiol fee !,
more attention. )
THhe foregeing suggestions have KR A1&I: o1 )
Work i this field in future will conkaiimal L B ate
artls fundamental and applied aspects e A\ » i 11
with inleriatiolial standargs. ’ e
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