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Introduction .
Extensive work has been carried out on ‘graft-
_ing‘_,-offcellulose, rubber, PVC, synthetic copoly-
mers,'-cbllzig'cn, wool, jute, silk fibre| ete. with var-
-ious vinyl monomers with a view (olimproving the
physical and mechanical properties of the poly-
mei:s.-;-lniliation of grafting has been eflected by
heavy' metal ions like ‘Ce(IV), Co(lll) and VIV):

complexes of Co(lll), Mn(IIl) and Fe(IlI); redox
| "/Pairs ‘such’ as (IV J-alcohals, V[V )-glycols, per-
disulphate-ascorbic - acid, peroxodiphosphate-
iéﬁcb'rbic’ cacid “dnd peroxo compounds, benzoyt
'peroxide, H,0,; S;0¢~ and P,O¢~, etc. Graft co-
polymers synthesized have been cha*acterized by
different techniques such as IR, NMR, dye-parti-
tion, electron microscopy, and thern ogravimetry,
This article reviews, inslilution-wisc, the work on
grafting in India. Some suggestions| for further
work in this ficld are also given. - '

Ahmedabad . Textile Industry’s Research Associa-
tion, Ahmedabad | .

Kulkarni and Mehta'~* found that jgraft copo-
lymerization of acrylonitrile o ,cellulos,L and cellu-
Llosic materials initiated by Ce(IV) by the solution
polymerization technique depended upon
| temperature, adsorption of monomers| within the
fibre,.€tc. In general, the rate:arid yields of graft-

persulphate-thiosulphiate redox system; A - lower
graft yield“was'obtained at 60°C than at 20°C and
40°G# Traces of Cu(Il) in the reaction mixture did
not increase grafting yield. A (heorelic‘al method
was developed for calculating the number-average
a*~7 concluded that the presence of water was cs-
cential for grafting mercerized cotion wilh acrylon-
rile by y-rays. However, practical applications of
raft copolymers in industry-and the precise roles
[ agents like Cu(Il) and water have not been
lentified. - ' |
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ing  were " ‘higher ~ with ™Ce(lV) ,jhanv with -
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nolecular weights of polymers. Hebeish |and Meh-
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Agarwal and Sreenivasan® grafted vinyl acctate,
styrence, acrylonitrile, methyl methacrylate  and
their mixtures 1o jute fabrics swolien by water or
methanol by y-irradiation. The extent of grafting
decreased the tensile strength and folding enduy-
ance, a limiting factor influencing, the degree of

optimum polymer loading, T'he folding endurance -

was least affected when grafting was done with ac-

ylonitrile, while it decreased significantly when

jute was grafted with vinyl acetate. No rational ex-
planation based on polymer structure has been of-
fered. Work on cross-linking and gralting of jute
with plastics, rubbers, composites and fibres has
been reviewed by lya and Majali®, Rao er /10 de-
termined graft polymerization rates, moisture re-
gain, dye uptake, sufface charge densities, yarn
spinnability and  costs of different  radiation
sources for grafting of (i) vinyl acetare, acryloni-
trile and acrylic acid onto polyester fibres;.(ii) vi-
nyl acetate, acrylic acid and methacrylic acid onto
polypropylene fibres: and (iii) acrylonitrile, acrylic
acid and acrylamide onto polyformaldehyde fibres.
Attemplts have heen made 10 improve anti-static
and - dyeability by grafting polyester fibres with
4-vinylpyridine and by adding rétard
rous - ammonium  sulphate and copper sulphate,
The rate of grafting of acrylic acid to polypropy-
lene fibres was higher at higher temperatures of
swelling and irradiation" - 12, 1, all these stadies:
no attempts were made (o explain the mechanism
of grafting; the relevance of such studics 10 textile
industry  with relative  merits  and cost-benefir
analysis has not been stated. . ‘

Bombay Textile Research Association, Bombay
Gralt copolymerization of cellulose with acrylo-
nitrile was carried ou by Sharma and Daruwal-
fult -8 cmploying different initiation techniques,
viz. ceric ion, y-irradiation, Fe(ll) = H,0, and an-
ionic; the molecular weights of grafted chains were
determined and the solubility behaviouy of copo-

ey dike for-
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lymers was. explained. Graft copolymerizations of
cotton and vinyl monomers, acrylamide, acryloni-
trile, methyl - methacrylate, methyl acrylate and
ethyl acrylate singly and in mixtures have been
carried out by pad-batch method. The effects of
concentrations of monomer, catalyst, pH, tempera-
ture and duration of reaction on the graft yields,
crease recovery, tensile strength, tear strength,
abrasion resistance, etc. havc been dctermined.
Betrabet!? has discussed the use of transmission
electron microscopy to study the cotton finishes
with emphasis. on replication, fibrillation, "ultra-
thin-sectioning and cellulose dissolution technigue
for evaluating chemically modified cotton. Al-
though these studies do‘not rclate the propertics
to structure, they would “be of significance 1o a
‘practical cellulose technologist..

Central Leather Research Institute, Madras
Studies on grafting of vinyl monomers to colla-

. gen, hide powder, hides and skins under diverse

conditions are due to Nayudamma, Santappa and
coworkers. Panduranga Rao et al?*~% grafted vi-
nyl monomers to collagen and studied the extent
of grafting efficiency, effect of redox catalysts, etc.
Grafting sites? increased when collagen was thio-
lated, N-brominated, vinylated, cyano-ethylated or
methylated, indicating that hydroxy, amino and
peptide groups on collagen backbone provided
sites for initiation -of grafting. The number of
grafting sites ‘dtcreased when acetylated collagen

or collagen treated with oxidized starch was

used? ~2¢4. The vinyl polymer chains grafted to col-
lagen and to goat skins and isolated both by acid
and enzymatic hydrolysis showed IR absorption

- for the amide group. Electron microscopic obser-

vation of grafted collagen fibrils did not show any
cross-striation, indicating that the polymers were
probably bound chemically to collagen molc-
cules®® 28, The .iturbidimetric titration curves?’

were charactcrlstlc of different polymer types,
grafted to collagen Pickled skins and chrome-® ..

tanned leathers singly grafted. with methyl nietha-
crylate, methyl acrylate, butyl acrylate, acrylonitrile
or mixtures of monomers by the use of ceric am-
monium sulphate as initiator showed superior phy-
sical properties®®

The effect of composition of water/methanol in
the preparation of collagen grafted with-poly(me-
thyl methacrylate) has been studied and the mole-
cular weights of -branches were higher with 25%

- methanol and the number of branches were always

more in aqueous alcohol media than in pure.aque-

-ous medium, but no explanation has been given

for this observation. Satish Babu et al3'-%2 found
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the order of the rate J)l gr.lfung to collagen by
Mn(I1I) to be similar to lhdl by Ce(1V), viz. methyl
“methacrylate > methyl acrylate > acrylonitrile. I'ho-
tochemically “induced grafting of vinyl monomers
to collagen by using dyc sensitizers like phloxine,
benzophenone, fluorescein and Rose Bengal was
investigated in detail by Nagabhushanam ¢
al?*~ % These workers have suggested a mechan-
ism based on excitation of the dyc to the singlet
state followed by the transition to the triplet state,
which abstracted hydrogen atoms from the colla-
gen and created active centres on it for the initie
tion of grafting. quucd polysulphides grafted o
leathers (tanned by acrolein and formalde huds
yiclded soft and supple Kathers™ ", '

The ion-binding capakcity of ;_,mlutd phosphios
lated collagen and gelatin was found o incrcise!
The grafts from the caesin-g-poly(meihyl metha-
crylate) and cacsin-g-poly(acrylonitrile) copolymers
showed positive mnhydrm 10\( and characienisiic
“IR amide group absorpuon Analyses of amino
acids of the caesin-g- poly(.xcrylonitrilc) and puig
caesin® indicated that 7 out of II amino acids
served*S as grafting sites. The per cent gralting
of mcthyl methacrylatc on gelatin with ceric am-
monium nitrate’® plus azobisisobutyronitrile was
found to be higher than with the individual initia-
tors. Vasudevan et al*® studied the kinetics and -
mechanism of benzoyl peroxide initiated grafting

“of methyl acrylate and methyl methacrylate to

copolymers of vinyl acetate’and vinyl chloride and
suggested the use of such graft copolymer as a

" coating material for leather. Ethyl acrylate and n-

butyl methacrylate grafted to chlorinated rubber in
the pxesence of bcnzoyl peroxide showed that the
increase in the concentration of the latter des
creased the yield of homopolymu and the grafting
cfficiency. Lacquers based on the gralt copolymers
of chlorinated rubber with poly(methyl acrylate)
were found to be better, film-forming materials for
leather finishes*”%, Satish Babu et al*” found that
syntans and vegetable tannms decreased - the per
cent grafting, while the mineral tannins, AI(III),
Cr(Ill) and Zn(ll) increased it; such differences
were attributed to different levels of hydrophobi-
city, swelling characteristics of fibres, etc. KMnO,
could be used as a grafting catalyst for skins and
might be preferred to Mn(III) as initiator in the
graftmg of leathers. Sudhakar er al®~5 and Srini-
vasan ef al’? studied grafting of methyl methacryl-
ate to nitrocellulose with Ce(IV) as initiator and to
poly(vinyl - chloride)-co-poly(vinyl acetate) in non-

" aqueous media with benzoyl peroxide and azobis-

isobutyronitrile as initiators and provided evidence
for grafting through th¢ IR spectra of grafts for
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C=0 peak at 1,740 cm~'. A probable mechan-
ism based on grafting at the a-carbon atom of the
primary alcohol or at C,-C, glycol group of the
anhydro glucose unit or at the hemi-acctal group
of the end unit of nitro-cellulose |was. suggested.
Santappa’® reviewed the work on grafting of vinyl
monomers to chlorinated rubber, PVC, collagen fi-
bres, cellulose nitrate and caesin and their applica-
tions in leather industry. Sudhakar}s used gel per-
meation chromatography to differentiate cellulose
nitrate, poly(methyl methacrylate)| and ccliulosc
nitrate grafted with poly(methyl| methacrylate).
Grafting of collagen also yielded pr?sthetic materi-
als6s7 ‘fill-up leathers™8, ‘glaze finish leathers™*4
and full leathers with grafts of very high molecular
weights1-66,
Poly(vinyl ‘acetate) and poly(butyl acrylate) were
grafted separately to caesin by Mohan er al®’~™
in the presence of potassium persulphate-ascorbic
acid; increase in the concentration of the latter
and temperature favoured homopolyl'ncrimtion
and graftmg efficiency was greater in the presence

of - potassium persulphate alone. Chlorinated rub-

- ber grafted with acrylic ester in toluene was used

as a good top-coat for football leathers’. The

'work on grafting of skins, hides and leathcrs under

varied initiator conditions with elucidation of reac-
tion mechanisms and improved |properties of

‘leathers per se is excellent but the| main lacunae

are that this has not been extended| to pilot plant

level and to the industry and with|practically no-
data on cost-benefit analysis.

‘ :Dc.fchce Science Laboratory, Delhi; and Naval

mcrcapto -modified poly(vinyl alcohol) w

Cherﬁiéa!‘ahd Metallurgical Laborato ry, Bombay
“iIn the grafting of acrylic acid to methylcellulose
with §;0%

, Bajaj and Chatterjee’? found that the
rheology Qf the graft copolymer depended on the

degree of grafting but ‘they did not indicate to

what effect this was used. The percentage of me-

~ thyl " acrylic “acid_in ‘its graft copolymer with
.poly(viny! alcoh

)increased significantly when so-
dium methacryldte was used for grafting or when
was . graft-
ed”7. A graft copolymer of masticated natural
rubber with poly(styrene) together with motor oil
and dibutyl sebacate was suggested as a rocket fu-
el’s, its present status, however, not being known.

Indian Association for the Cultlvatlcn of Science,
Calcutta
~ Gupta and Nandi’ grafted pdl)(dcrylgnitrile)
(1) poly{methacrylamide) (II) to .1:1. poly(methyl
methacrylate)-co- (polystyrene-sulphor‘xyl chloride)
(I11). ‘Sengupta and Palit’? studied graft polymeri-
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zation of 1II with I via thioamide group formation.
Mukhopadhyay er al™ studiced grafting of acrylic
acid to poly(vinyl alcohol) and methylccllulose sc-
parately with permanganate as initiator and sug-
gested a mechanism of grafting based on the reac-
tivity of —OH groups on the backbone. There is
no novelty in the mechanism; ncither is there men-
tion of the possible uses of the graft polymers.

Indian Lac Research Institute, Ranchi

Improved film-forming propertics of grafrcopo-
lymers of shellac with acrylates, styrene and acry-
lonitrile individually and with mixtures were no-
ticed and the best rcsults were obscrved when
shellac was grafted with cthyl methacrylaic®”. No
detailed mechanism or any particular use of the
graft copolymers was suggested.

Indian Institute of Technology, Delhi

Varma and coworkers®! ~%! grafted various acry-
lates with $,027-S,0%" redox initiator on (i) wool,
(ii) oxidized and reduced wool, (iii) cotton, and (iv)
nylon and determined the order of thermal stabi-
lities of copolymers; they did not suggest any
practical applications. Scattering intensity studics
showed that the average crystallite size increased
with the .cxtent of grafting and scanning clectron
micrographs of the pceled surface and the cross-
sections of the grafted fibres showed that a signifi-
cant amount of polymer was deposited in the me-
dullac of the fibres??. Mukherjec and cowork-
ers?*~ 194 have studied graft copolymerization of (i)
poly(vinyl chloride) partially dchydrochlnnn‘\tul
and styrene®® with anhydrous AICl, as cationic in-
itiator, (i) nylon-6 fibres with mcethyl methacryl-
ate’ =% in the presence of fructose, (iii) polypro-
pylene fibres with methacrylic acid and (iv)
starch®® with acrylamide and Ce(IV) initiator.
TGA and DSC studies have described the thermal
~stabilities of copolymers, photochemical gr.xfting"”
of acrylamide on nylon- -6“monofilaments in aque-

v

ous fructose, liquid inhibition® properties of ccliu-

lose via graft copolymen?atxon of vinyl.monomers

to cellulose'"2193 Jfid moisture regain,. viscosity. .

dyc uptake'™ of nylon- -p-poly(acrylamidc).- These
studics are bound to benefit the' pmcm.\l technol-
OLl\l in the Jong run.

lndi;m Institute of Petroleum, Dehra Dun

Bhargava and Bhattacharya'*!"6 reviewed the
work on butadicne rubber-g-poly(styrene) copo-
lymers; their TR analysis of the graft copolymer
showed that the microstructure of the rubber wis
unchanged. During polymerization, 80% of styrene

was converted constantly to homopnlv(slylcm;.

anl
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and 20% to graft polymer; grafting was initiated
by proton abstraction from the a —C of butadienc.
The grafted chains were 9hortcr than- free homop—

olymer chains!'"’.

Indian Petrochemicals Corporation Limitcd,
Baroda

Bharadwaj and Hcmmgcr""‘ irradiated  poly-
propylene fibres with different doses of electron
beams in the presence of acrylic acid and 2-, and
4-vinylpyridine and found that the grafted fibres
had increased tenacity,. dye uptake, solubility and
crystallinity. UV stabilizers, 2hydroxy-4-methacry-
loloxybenzophenone (I) and 4-acrylotoxy-2-hydr-
oxybenzophenone (II) were Synthesized and graft-
ed to the backbone of polypropylene (Ill), lTow
density - polyethylene (IV) and polystyrene (V) by
melt processing. The extent of additive grafting on
the polymer backbone was determined by IR
spectra and found to be in the-order: V>IV>1II
(ref. 109). The order of degree of grafting!® with
2-hydroxy-4-(acryloloxy)benzophenone and  its
methacryloloxy analogue was also similar. The

" absence of mechanism of UV stabilizers and an-

tioxidants and extension of the results to factories
are the lacunae in this work.

Indian Jute Industries Research Association,
Calcutta -

IR spectra of methyl mclhacrylatc grafted to.
Jute fibres showed that the major portions of graft-
ing was associated with the lignin fraction of the
jute fibres!!!. The- possible use of the grafted po-

Ilymer has not been indicated.

~ National Chemical Laboratory, Pune

Joshi'"? prepared carboxylic rubber by chloro-

" carboxylation of linear high-density poly(ethylene)
" with maleic anhydride or maleimide in tetrachlor-

-oethane at 90-110°C for 3-5 h. The carboxylic
' rubbexs contained 32.5-57.1% CI and 0.59-4.05%

COOH groups.-The chloro-carboxylate: polyclhy-
lene resembled. chlorosulphonated polyethylene in
physicochemical properties. The mechanisms and
the relative merits vis-a-vis conventional rubbers
need to be studied further.

National Metallurgical Laboratory, Jamshedpur

Deb and Sankolkar!'® grafted poly(methyl me- -

thacrylate) to partially thiolated poly(vinyl chlo-
ride) in cyclohexane at 60°C with Me,SO as catal-

-yst and the grafting efficiency ( ~75%) was found

to be a function of Me,SO concentration; the me-
chanism and use of copolymer havé not been indi-
cated. .
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Saha Institute of Nuclear P hysics, Calcutta

Bhattacharya and Maldas't'” e grafted poly{sty-
rene) and poly(acrylamide) to cellulose acctate {ihn
by y-ray post-irradiation grafting technique. Thy
effects of solvents, water and MeOH were studied
and it was found that the composition of hinary
mixtures as well as the tvpe of solvent had o
strong influence on gralting. 'The results were din-
cussed in terms of relative molar reactivition, !l
grafts formed were also examined by SEM. No
mention, however, was made of the applie mnv of
the graft copolymers.

State Forensic Science Laboratory, Bhiubaneswis
Mohanty er al'""* grafted poly(methyl meihs
crylate) to tussah silk fibres using Ce(IV) as initio-
tor and studicd the properties such as.thermai
conductivity, shrinkage, breaking load. tenaciie,
tensile strength, Young’s modulus and clectricad re-
sistance of grafted silk fibres!™. Similar studies of
grafting of poly(acrylonitrile) to coir were made by
Mohanty and coworkers? with no mention of the
mechanism of initiation or uses of polymers being
mentioned.

- Shri Ram Institute for Industrial Rescarch, Dclhi

Grafting of methyl methacrylate to cellulose by
the use of pentavalent vanadium nitrate’ by Har-
charan Singh er al'?1?! yielded a graft copolymer

- insoluble in cuprammonium solution. Grafting of

poly(styrene) 1o poly(butadicne)-co-
poly(acrylonitrile) in emulsion yiclded polymers
with improved mechanical properties'22,

Patra et al'? grafted poly(methyl acrylate) and
poly(methyl methacrylate) using Mn,(SO,), as ca-
talyst under de-aerated conditions and determined
the structural factors which influence the solution
properties. The equilibrium swelling of the insolu-,
ble graft copolymer fraction in a series of cster:
ketone, - and” chlorinated hydrocarbon -solvents
showed that the grafting of poly(methyl-acrylate)’
occurred inside the amylose structure with in-
creased cross-linking and the resultant swelling.
Their work did not discuss the mechanism leading
to cross-linking.

o

Allahabad University, Allahabad

Srivastava et al'* worked out a new method of
determining the percentage grafting in starch-g-
poly(acrylonitrile)copolymers based on acidic hy-
drolysis of graft copolymer and estimating the glu-
cose content. of the -hydrolysate. This method has
not yet been put to extensive use.
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Bombay University, Bombay

Lokhande er al'?® and 'Achwal and Nagar'?
studied the electrokinetic pr‘joperties such as zeta-
potential, surface charge density and surface con-
ductivity of polyester fibres érafted with acrylic ac-
id and acrylonitrile. The efféct of cationic dyes on
the surface of the fibres lowered zcta-potential.
The change in the electrokinetic propertics of the
grafted samples  with the| percentage grafting
showed the formation of three-dimensional net-
work. The light-fastness of polyamide fibres, wool
or nylon fibres pre-dyed with cationic dyes was
improved by gralting with acrylonitrile or acryl-
amide and attained a low add-on graft (~ 3%) to
maintain the physical and mechanical properties of
the dyed fibres. Moisture re};ain levels and dyc-
ability of polycster, polyamide, polypropylene and
poly(oxymethylene) fibres were improved by y-
irradiation grafting with vinyl monomers but there
was some loss in strength of the fibres and also in-
creased cross-linking'?".
Potnis'28~13  grafted  acrylonitrile/acrylamide/
methyl methacrylate to cotton' fibres and studied
" their thermal stabilities. The acrylamide and acry-
lonitrile mixtures grafted to cotton at different
monomer compositions by keeping the total mon-
omer concentrations constant|slowed down the
synergistic action. Lokhande et al'3*~'3 grafted
polyethylene terephthalate fibres with vinyl acetate
which showed improved dyeiné characteristics; in
the acid and alkaline hydrolyses no appreciable
conversion of acetate to hydroxyl group occurred
and with no change in the tensile properties of the
grafted ‘fibres. A synergistic effect was observed
when acrylamide, acrylic acid and acrylonitrile-ac-
rylic acid mixtures were grafted 1o polyester fibres
by using benzoy! peroxide as inl,itiator; the results
were explained in terms of the reactivity ratios of
“the monomers. Electrokinetic properties, zeta-pot-
ential, surface charge density anéli surfgce conduc-
tivity .of polypropylene fibres and those grafted
with”a¢rylic acid and methacrylic acid were stud-
ied<by using the streaming potential method; the
résults on surface charge density land surface con-
ductivity showed the hydrophilic\charactcr of the
grafted polypropylene. Polyethylene-terephthalate
fibres grafted with vinyl acetate' were sclectively
hydrolysed and the effects of grafi on morphologi-
cal characters such as crystallinity index, X-ray
orientation function and unit cellbarametcrs were
determined. Crystallite size, birefringence and am-
ofphous orientation functions have bLeen deter-
mined. The amorphous orientation function dec-
reased with increasing vinyl.acetate grafting. The
results obtained by Lokhande e a)‘l. have a consid-
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crable significance to dyeing of textiles cven
though no cxtensive application appcars to have
been made at present.

Calcutta University, Calcutta

Ghosh and Sengupta'” grafted methyl mcthac-
rylate to natural rubber with benzoyl peroxide/az-
obisisobutyronitrile as initiators or by ‘photolysis’
in the presence of H,0, or benzophenone and the
cfficiencies of grafting under different conditions
were caleulated. Graft copolymerization of methyl
methacrylate and styrene to polychloroprene was
investigated and the results of grafting efficiencics
and chain-transfer constants were reported'*,
Graft copolymerization of methyl methacrylate to
bleached jute in the presence of Mn(Hl) or
Fe,(SO,); under visible radiation was carried out
and the mechanism of gralting was explained'?” on
the basis of formation of ligand radical with a con-
comitant reduction of Mn({lll) to Mn(ll). Gralt
copolymerization™"! of methyl methacrylate to
cellulose/oxy-cellulose under photo-activation by
visible light in the presence of KMnQ,-oxalic re-
dox system was investigated and the percentage
grafting and efficiency were evaluated. Photo-
grafting of MMA to reduced wool with Ce(IV)-ox-
alic acid redox system as initiator in aqueous mc-
dium producing optimum grafting cffects was re-
portéd. While photo-grafting of rubber, according
to Ghosh. and Ghosh'*!', has some merits, the fca-
sibility of its application in industry has not béen
considered. :

Declhi University, Delhi .

Chatterjee ef al' grafted a dehalogenated
phenolic copolymer (from  p-chlorophenol, -
cresol and HCHO) with substituted monomers
and oligomers of known structures at specific sites
previously occupied by chlorine atoms. The per-
centage of halogen of the,grafted polymers could
be calculated on the assumption that all the avail-

able reactive positions were.attached to the.graft-,

ing monomers.

Himachal Pradesh University, Shimla

Extensive work on grafting by Misra and co-
workers'*~ 1% has been rcported. Various vinyl
and other monomers were used for grafting. The
initiators used were Ce(IV )-redox systems, benzoyl
peroxide, azobisisobutyronitrile, acctylacetonates
of Cr(1ll), Fe(lll), VO(lI), y-rays, etc. The back-
bone polymers for grafting were wool!*4~167 and
reduced wool!%8-170 gelatin'’! =176 cellulos
starch'®%186  rubber'®’, polypropylene'®, and po-

e‘l77.— IK'l‘ :
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, :
ly(vinyl alcohol)'*?. All thesc studies have suggest-
ed conditions for maximum grafting and effeets of

_ various variables, monomers, catalysts on percen-

tage and efficiency of grafting and mechanisms of
grafting. The.grafts were separated from graft co-
polymers by the selective solvent extraction meth-
od or by acid/alkaline ‘hydrolysis. An unambi-
guous proof for covalent bond formation between
backbones and .grafts has not been established
even in a single case. The work is of repetitive
type and is not of much relevance cither from the

fundamental or applied aspects.

Jadavpur University, Calcutta

Mukherjee and Sanyal'" found that shellac
grafted with poly(styrene) or poly(methyl metha-
crylate) by the catalyst KMnO, in NH; solution
possessed improved water and solvent resistance;
the degree of grafting increased considerably and
graft copolymers of shellac with styrene, methyl

methacrylate or ethyl acrylate possessed superior

film-forming properties, adhesion, flexibility and ..

scratch and solvent and water resistance compared
with those of the pure shellac films. The chain
transfer constants of shellac with the poly(methyl
methacrylate) radical at 60°C showed that very
little, if any, grafting occurred via polymer radical
transfer to shellac''. Spccial uses of such shellac
products, if any, have not been mentioned.

Lucknow University, Lucknow

Shukla, et al'? grafted methyl methacrylate to
wool with peroxodisulphate-thiomaleic acid redox
system initiator and the graft yield ranged from 25
to 70% depending upon the concentration of re-
dox. system, duration of reaction and temperature.
The authors have discussed neither the mechanism
nor the use of the graft copolymer.

" Madras University, Madras

Santappa et -al'93~ 1% grafted methyl methacryl-
ate to chlorinated rubber in toluene solution with
benzoyl peroxide as initiator at 80°C. The me-
chanism involving chain transfer reaction between
rubber molecule and polymethyl methacrylate rad-
icals was suggested'®*. This was the first ever work
reported (1965) in India on grafting. The back-
bone and the graft copolymers were characterized
by light -scattering and viscosity data. Poly(vinyl
chloride), chlorinated rubber and bromo-polysty-
rene were also found'®~'% to be good backbone
materials for synthesis of graft polymers owing to
the presence of halogen atoms as reactive sites for
grafting. The grafts were characterized by elemen-
tal analysis, IR, NMR and, particularly, by light

scattering method, the only foolprool and vnambi-

puous method which proved the chicmical Dinding
of the backbone polymer to the grafts. Works in
this ficld reported from the country hive o fin
not determined molecular weights. The aralt po
lymers, besides showing higher molecular weighis
differed greatly in the values of second virial coet
ficients froni thosc of either the backbone or thd
homopolymer. Poly(vinyl alcohol) was grafted with
acrylamide and the extent of grafting was cstimat:
ed'?’. Graft copolymerization of MMA to wool fi-
bres!98199 was carricd out with potassium perox-.
odiphosphate (PDP) and PDP plus Fe(lI) initiators;
the grafts were characterized by IR, NMR, dyc
uptake, alkaline solubility and tensile strength, N

Sardar Patcl University, Valtabh Vidyanagar
Patel er @225 grafted styrenc to amylose in

the presence of H,O, and metal ions such as

Fe(11), Cr(1ll), Co(ll), and Ag(l) individually as ca- -

talysts. Maximum graft yield was obtaincd with
Fe(lI). Neither the mechanism nor the practical usc
of the polymers has been discussed.

Utkal University, Bhubancswar

Nayak and coworkers?*~2"* grafted methyl me-
thacrylate to cellulose with peroxydiphosphate; ac-
rylamide to nylon-6 with V{V), and mcthyl me-
thacrylate to wool and silk with P,O4~ under dif-
ferent conditions. These workers have carricd out
very extensive studies on graft copolymerization
using various types of backbone polymers, mon-
omers and the usual initiator systems with all pos-
sible permutations and combinations. The back-
bone polymers uscd were: Chokla woolX6 M re-
duced wool2'$=22¢ wool??*~ 2%, wool fibres??? ~ 2%,
silk fibres?32-247, cellulose?** 7256 modified cellu-
268—282’ PE’I‘ZB.T:_Z?;‘Z';.CgbberNS-29l

lose?*7~267 nylon ;
the studies,

and polysaccharides?. In almost a
rates of polymerization, activation energies for rate
initiation and percentage and efficiency of grafting,-
etc. were evaluated. From the IR spectra of copo-
lymers, it was erroneously inferred that grafting
had taken place. The effect of various process var-

iables on rate was studied and mechanisms of

grafting were arrived at. This work and that from
Himachal Pradesh University are good examples
of ‘Parkinson’s Law' operating in R&D. Mechan--
isms suggested are not novel; neither is there any
discussion on thermodynamic parameters. This is
also an instance of indiscriminate and ad nauscam
use of redox systems, additives, inhibitors, ctc. In
the. voluminous work reported, not a single in-
stance of practical application has been men-
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tioned. In short, research work of this nature is
unrewarding.

Summary and Conclusions

For over two decades in the country, a number
of natural, bio- and synthetic polymers and copo-
lymers have been used for grafting. A multiplicity
of thermal as well as photoactive initiator systems,
sometimes for a single backb?ne polymer, has
been employed. Work on the evaluation of kinetic
parameters, separation and characterization of
grafts by chemical as well as by IR, NMR, etc. is
so voluminous that it cannot but be described as

Physical properties, thermal st‘ bilities and elec-
trical properties of grafted synthetic fibres have
been evaluated to a limited exte t, but their use in
fabrics is conspicuous by its abslencc. Also, work
on " applications of grafted collagen/hides and

 skins/leathers has been limited. |

- It'is surprising that except thé Madras school,

-no group has determined the molecular weights of

grafted polymers (surest method qgf chemical bond

. formation of the grafts with backbone and, there-

- . fore, .of increase in molecular weights). Hence, the
".need- for

carrying ou}tffurther--Wo:rk in this direc-
tion..s0 . I T | o
- Studies. are:also- called .for on the use of graft
copolymers in synthetic - organic chemistry, on
characterization of graft copolymers by X-ray and
other instrumental techniques, on| the determina-
tion of properties like crystallinity . and: tenacity,
and on the applications of grafting in industry.

. The entire field needs a firm foundation and prop-
"er orientation with a view to achieving excellence.

and international standards.
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~ State-of-the-Art of Polymer
: Kinetics of po

Research in Indja: Par¢ I1-
lymerization

MSANTAPPA*

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,

—_—
* INSA Senior Scientist

/\nn;l‘Uui\'crsi!y. M

adras 600 025, India

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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