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Cerie ion initi ated graft copolymeri zati on of meth yl meth acrylate onto Cal/I/ab is il/dica fi bre has bec n carri cd (lilt. Op­
timum graftin g conditi ons such as the co nce ntrati ons of monomer, init iator and nitri c ac id, amount of wat cr. re~lL" tion time 
and I·eacti on temperat ure have been evalu ated. The graft ed copolymers and the ungra ft ed COl/I/ aJJis fib rc havc hcen charal·­
teri zed by IR spectroscopy, thermal gravimetri c analys is and swelling studies in DM F, water and n-hutanol. The trcnd in the 
swelling behaviour of the grafted samples (DMF > water> I/ -butanol) is different fro m that obse rved for the ung ral"tcd sall1-
pie (water > DMF > I/ -but anol). The graft ed sampl es show improved thermal stabilit y in cont rast to un gra fted fihre. The 
plausibl e mechani sm fo r graft ing react ions is suggested and the ex pl anati on for the trends in grafting pa rameters ~ I re gi vcn. 

Keywords: Cal/I/abis il/ d ica , Ceri e ammonium ni trate, Graft copolymeri zatio n, Meth yl meth acryl ate. Swellin g hch:lviour. 
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1 Introduction 
In recent times, there has been a marked thru st on 

the resear~h activiti es relating to the modifi cati on of 
natural pol ymers . Graftin g provides a clean and effi­
cient technique to impart des irabl e properti es to the 
backbone polymers.Modified polymers retain man y 
of the intrinsic properties of the natural polymers and 
the incorporation of grafted polymers afford s im­
proved strength , water repellency, co lour fastness and 
many other attributes defi cient in natural pol ymers. 
Cellulose and its deri ved forms are the potenti al 
backbones which can be modifi ed to ha ve products 
for various end-uses . 

Grafting of MMA onto ce llulose and cellulosics is 
well inves tigated by chemi cal and radiati on meth ods. 
Initiation of grafting by redox reac ti ons empl oy ing 
ceric ions has been extensi vely studied for grafting of 
MMA and its binary mixture with other vinyl mono­
mers onto cellulose and cellulos ics l1

. Haque e f {II .' 
grafted MMA onto jute fibre and reported the effects 
of temperature, initi ator concentrati on and li gnin 
content of jute on graft yields. Percentage grafting of 
MMA onto beaten cellulose was reported to decrease 
on beating4. Cotton and polyes ter were graft co­
polymerized with MMA in aqueous so lution in the 

presence of HNO, by Jbeagi c f 01. ' Lin c f (fl h grafted 
MMA onto bamboo ce llulose and evaluated opt imu m 
conditions for max imum grafti ng. Taga and In agak i7 
reported th at e TC, glyco l groups of the ce llul ose are 
the active sites for graftin g of MM A. Ce ri c ion initi ­
ated graftin g of MMA onto cotton ce llul ose is al so 
reported recentl y by Casinosx

. Oki eilllen and Ogbe i­
fun '! grafted ac rylonitril e (A ) and MM A indi vidua ll y 
and as binary mi xture onto carboxy meth yl cellu lose 
and reported that small er amount of polyac ryloni tri le 
is grafted from the mi xture of monomers eve n at 
higher feed of AN. Comparati ve ly hi gher reac ti vity of 
MM A for thi ocarbamate-N-brolTlos ucc i n imide redox 
initi ated graftin g onto ferrous ce llul ose h,ls heen re­
ported by Magd/o in order of reac ti vity to grafting of 
different monomers as MM A > Meth yl acryla te> 
AN. Mansour and Bas ta ll reported that MM A showed 
maximum reacti vity when MM A, eth yl acry late. a ll yl 
chloride, all yl al co hol, meth yl acrylate and AN were 
grafted onto ce llulose by ioni c xanthati on method. 
Ghosh and Dev l 2 grafted MMA and acrylami de mi x­
ture onto di aldehyde cellul ose obtained from cotton 
in limited aqueous phase and reported th at Illod ifica­
tion of fibre properti es depends on the ex ten t of 
grafting. Thermal properti es of ce llul ose ~ IIlJ ce llt tl o-
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sics have been reported to improve upon impregna­
tion of phosphorus or halogen compounds and graft-
. f ' I I ,· 16 I I· k IIlg 0 vll1y monomers ' . n our ear ler wor , we 
have studied thermal analysis of some cellulose fibres 
like cotton, rayon and jute and their graft copolymers 
with MMAI 7. The grafted fibre showed higher initi al 
decomposition temperature (lOT) than the original 
fibre. Stability of ungrafted fibre vary in the order of 
cotton> jute> Cannabis> rayon while in case of 
grafted fibres, the order of stability was found to be 
cotton> Cannabis> jute> rayon. 

The fibres obtained from the stem and branches of 
Cannabis indica have been used by the loca ls of Hi­
malayas for ages in making ropes, baskets, mats and 
specialty footwears. The fibre contains 70% cellulose 
on dry-to-dry basis. However, the fibre suffers from 
such drawbacks as biodegradati on, weathering dam­
age and loss of strength . fn the present study, an at­
tempt has been made to modify the Cannabis indica 
fibre through grafting methyl methacry late (MMA) 
by ceric ion initiation method in order to improve its 
strength and res istance to weatherabi lity. The effects 
of monomer concentration, initiator concentration, 
HNO, concentration, reaction time, temperature and 
amount of water on per cent grafting have been stud­
ied to evaluate the optimum conditions fo r maximum 
grafting. Extent of swelling by graft copolymers in 
different so lvents and the thermal behaviour of the 
graft copolymers have also been studied. 

2 Materials and Methods 
2.1 Purification of Materials 

The fibre isolated from the stem of Cannabis ill. -, 
dica was immersed in water at 50°C for 24h and then 
dried in an oven at 50°C. MMA (Merck) was washed 
with 5% NaOH and dried over anhydrous Na2S04 
The dried monomer was distilled and the middle 
fraction was used. Ceric ammonium nitrate (CAN) of 
reagent grade was used as such. Cellulose was esti­
mated by ammonia method l B 

2.2 Graft Copolymerization 

Cannabis indica fibre ( I.Og) was immersed in 100 
ml of distilled water and the known amounts of 
monomer, initi ator and HNO.1 were added to the reac­
tion mi xture. The contents were reflu xed ,at 45°C fo r 
2h. The optimum reaction conditi ons for maximum 
graft ing were evaluated as a function of the concen­
trations of monomer, initi ator and HNO" amount of 
water, reaction time and reaction temperature. Homo-

polymer was removed from the fi bre hy repeated so l­
vent extractions using acetone until a consta nt weight 
was obtained. The gra ft copolymer. free of homo­
polymer, was dri ed in an air oven at 50°C. Swelling 
behaviour of ungrafted and grafted fibres was studi ed 
. I I I ') III DMF, H20 and n-butanol as repo rted e sew lere . 
The per cent grafting ( P~) and per cent swe lling (PJ 
were calculated as follows: 

Pg=[(WI-W)/W]X 100 
Ps =[(Ws-Wo)/Wo]x 100 
where WI is the weight of graft copolyme r: W. the 
weight of initial fibre sample; Ws. the we ight of swo l­
len graft copolymer; and Wo, the dry gra ft copo lymer 
weight. 

3 Results and Discussion 
The C2. C, and C6 hydroxy l and C-H groups in cel­

lulose are the sites for grafting. Ceri c iOIl rorms com­
plex with hydroxy l groups and C~ and C; glycoli c hy­
droxy l groups. are the preferred sites for cornp lex 
formation. The complex disproporti onates to generate 
free radical sites where MMA can be grafted. The 
following mechani sm of graftin g IS proposed to ex­
plain the observed results: 

Cell- OH 
Ce-H 
--~) Complex ( I ) 

(I ) 

(I) Decompose ) "Cell - OH + Ce c
' + H' (2) 

"Cell- (OH)+M~ Ce ll (OH)-M O (l) 

Cell(OH)-M " "M) Ce ll (O H)- (M) " - Mo .. . (4 ) 

Cell(OH) - (M)n -M o +(M O)-( M)" - Cc ll (O H )~ 

Cell(OH)-(M)n+2 - Cell (OH) . .. (5) 
block copolYIlll'J" 

Cell (OH) - (M)" - M ° + Cel-! ~ 

Cell(OH)- (M)n+1 + Ce+' 
gr<1n copo lymer 

.. . (6) 

Initi ati on of monomer by complex formati on with 
ceric ion is also possible: 

M + Ce +4 ---7 Complex ---7 M ° + Ce +; 

M " + nM ---7 (M) ;1+1 

(M);I+I +" Cell(OH)~Ce ll (OH) - (M )""1 
~rall cnpo l) IIll'" 

hUIll Op o lYllll.'f 

(7) 

(8) 

(9) 

( 10) 

The initiation of monomer via complex formation 
with eerie ion exp lains homopolymer formati on along 
with grafting reaction s. Thus, graft yie ld and i1olllo-
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polymer formation are the functi ons of both monomer 
and initiator concentrations. 

3.1 Effect of MonomerlInitiator Concentration 

Structure, reacti vity and concent ration of monomer 
affect the population of monomer and its macroradi ­
cals. MMA forms complex with ceric ions in an or­
ganized array and cellulose provides a matri x fo r the 
same. Thus, the initia l increase in monomer concen­
tration leads to increase in graft yie ld (Fig. I) . Very 
sharp increase in the graft yie ld with increase in 
monomer concentration is the result of autoaccelera­
tion effec t. However, furth er increase in monomer 
concentration leads to decrease in grafting since 
higher simultaneous initi ati on of monomer chains at 
the cost of generation of acti ve sites on the polymer 
backbone leads to the formation of homopolymer by 
mutual annihilati on of monomer macroradica l chains. 

The e ffect of change of initi ator concentration is 
shown in Fig. 2. Max imum graftin g of 45.5 % is ob­
served at 0.0 I moles/L of CAN and consequent in­
crease in concentrati on leads to a decrease in Pg 

Similar behaviour for grafting of MM A onto cotton 
has been reported by Sharma and Daru wall a20

. This 
trend in Pg can be expl ained by the fac t that at higher 
concentration, Ce +-1 fo rms more complexes with 
polymer backbone as well as the monomer. Higher 
complexes population results in premature decay and 
hence a fall in grafting. 

3.2 Effect of Nitric Acid Concentration 

Variati on of P g as a function of HNO, concentration 
is shown in Fig.3. After an initi al increase, Pg de­
creases at higher concentrati ons. It is also evident that 
at lower concentration of ac id , very low variati on in 
Pg is observed . Thus, the lower concentrations of ac id 
catalyze the graftin g reac tions, but the coagul ati on of 
homopolymer and the enhancement of termination of 
cellulose acti ve si tes a longw ith the wastage of 
monomer in side reac ti ons lead to a decrease in Pg as 
concentrati on of ac id is increased. S imil ar effect has 
been reported by E I-A lfy el a l .'l l for grafting of a llyl 
methacry late onto cotton cellul ose. Sood et ae2 pro­
posed that ceric ion ex ists as [Ce-O-Cet6

, [Cet-l and 
[CeOHt3 in reaction medium and on additi on of ac id 
these complex ions change to Ce+-I which can pene­
trate eas ily into cellulose matri x and form complex. 

Ce+4+H20~[CeOHt3+ H+ ( 12) 

2[CeOHt 3 ~[Ce-O-Cet6 + H20 ( 13) 

50 

40 

;;! 
~ 

<!) 30 
z 
~ 
\J.. 
« 
ffi 20 

10 

0 
0 4· 

o 

14·1 23 · 5 
[MMAJ X102 

329 42·2 

Fig. I-Effect of monomer co ncent ration on ~raftin ~ I CWlllllh i.\· 

fi bre, Ig ; CAN conc., IOx I01 molll: HNo.;conc .. 17.-f4x IO' ll1ol/l: 
temperatu re, 25°C ; time. 120 min : and H20. 100 1111/ 

501----------------______ ~ 

Fig. 2-EtTect of ceri c ammonium ni tr<\l c concentrati on on ~ra ft ­

ing [Cannabis fibre , Ig ; MMA conc .. 2:2.2 Ix IO' 11101/1: H 0.1 

conc. , 17.44x I 02mol/l; tempcrature. 25°C: ti me. 120 min: and 
H20, 100 ml] 

60~------' 

0 .1 o 8 ·72 17· 4 ~ 26' 16 

[ HN0
3
JX 102,mOI/1 

Fig. 3-Effect of ni tric ac id conceillrati on on grafting r Caf/ f/ah i., 

fib re, I g; MMA COIl C. 22.2 1 x I 02 11101/1 : CAN co nc .. 1 Ox I 0 1 molll: 
temperature, 25°C; time, 120 min : and H,O. 100 mil 



272 INDI AN J. FIBRE TEXT. RES. , DECEMBER 1999 

From Eg. ( 12) it is evident that the population of 
Ce+4 should increase on additi on of ac id, leading to 
increased graft yield . However, when the acid con­
centrati on increases further, it , being an oxidizing 
agent, leads to more side reac ti ons. 

3.3 Effect of Reaction Time and Tempera ture 

The effect of temperature on Pg is shown in Fig. 4. 
It is observed that increase in temperature leads to 
enhanced swelling of the trunk polymer, increased 
diffusion of the growing monomer macroradi ca l 
chains to active sites and enhanced decompos ition of 
the complexes of Ce +4 both with monomer and cellu­
lose. However, at higher temperature (S S°C), Pg de­
creases as the terminati on and chain reac ti ons pre­
dominate the grafting process. In the present study, 
the fibre did not onl y lose weight but also became 
britt le and lost strength when the reacti on temperature 
was increased to 6S OC and 70°C. It is ex plained by 
considering the fact that the fibre looses weight and 
strength as the water-so lu ble constituents of the fibre 
are dri ven out. It is also supported by the control ex­
periment that the fibre looses weight up to 18.2% 
when it is treated in water at 65°C. It is further sub­
stanti ated from the primary thermograms of grafted 
and ungrafted Call1/abis fi bre as an infl ex ion is ob­
served between 30°C and I SO°C due to the loss of 
water which is absent in the grafted sample. The ef­
fec t of var iati on of reacti on time is shown in Fig. S. It 
is observed th at grafting increases stead il y when the 
reacti on time is increased to 120 min . However, fur­
ther increase in the reacti on time decreases P~ Thi s 
trend in Pg is explained by the fac t that as the time 
increases the monomer, backbone and initi ator inter­
acti ons increase, but with further increase in time the 
graft yield is reduced since the graft ing reac ti ons are 
overtaken by more homopolymer fo rmati on as well as 
by other side reacti ons. 

3.4 Effect of Amount of Water 

Fig. 6 shows the effect of amount of water on the 
graft yield . As the amount of water in reacti on me­
dium increases from 75 ml to ISO ml , Pg first in­
creases and then shows a sharp decrease. The pres­
ence of water helps in the opening of ce llulose back­
bone and makes it more access ible to the monomer. 
Apart fro m loosening of ce llulose hydrogen bonding 
and swe lling of trunk polymer, there also ex ists a 
possibility of formati on of water-cellulose-monomer 
complex. Hence, an optimum amount of water is use-
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ful fo r attaining the hi gher leve l of P~ . bu t higher 
amount of water affec ts the above ,ld vantages as 
monomer molecules and grow in g 111on0111c r chains 
lead to lower access ibility to the act i\ e sitcs a ll the 
backbone po lymer. Th is effec t is morc pronou nceci in 
the present case as MMA is in so luble in water. 

3.5 Characteri zat ion of Graft CopolYIlICJ's 
-- The IR spectra of Connahis indic({ fihre and it s 

graft copolymers were taken in KBr pe lle ts on Nico­
late IR 7S0 spectrometer. Call// uhis fi br shows broad 
peaks at 3378cm·1 due to bonded O- H and at 2921 and 
1097 cm-I

, ari sing from C-H and C-O-C st retching 
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respectively. The graft copolymers show additional 
strong bands at 1730cm-l

. When the graft copolymers 
were hydrolyzed with 6 N HCI and the resulting res­
inous mass was analyzed by IR spectroscopy, a strong 
band at I 725cm- 1 was observed. 

- Thermogravimetric ana lysis (TGA) of Canna­
bis fibre and Cannabis-g-poly(MMA ) was carried out 

in nitrogen atmosphere at a heating rate of 20°C/min 
on Shimadzu TG/DT Simu ltaneous Analyzer. The 
decomposition of both the fibres was studied as a 
function of time and is presented as % weight loss vis 
time (Fig. 7) . Cellulose decomposes by the primary 
reactions like thermo-ox idati on, dehydration, depo­
Iymerization and g lucosan formation. Dehydration 

occurs usuall y in the region 180-280°C and it is fol­
lowed by C-C and C-O bonds random scission . TG 
curve of Cannabis fibre shows three inflexions be­

tween 30°C and 150°C, 383°C and 420°C, and 473°C 

and 518°C. The first region of inflex ion seems to be 
due to the loss of water content of the fibre.The initial 

decomposition begins at 236°C and continues up to 

383°C with a constant weight loss . 70% weight is lost 

in the range 300-400°C. It precedes 10% weight loss 
which is due to the loss of moi sture. Inflex ion be­
tween 383°C and 420°C shows that the amorphou s 
region of the cellulose content of the fibre is di s­
turbed with the loss of hydrogen-bonded structure and 

that the hi gher temperature (473-5 18°C) is required to 
break down the crystalline region . The overall de­
composition of the fibre takes about 36 min . On the 
other hand , TG curve of Call1l.abis-g-poly(MMA) re­
veals single-stage decomposition with a very small 

inflexion between 34°C and 138°C. However, the 
initial decomposition of the grafted fibre begins at 

Cann-g- MMA 
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Fig. 7-TG curves of Cannabis and Call1labis-g-PMMA fibres 

263°C and continues up to 306°C at aeon stant we ight 

loss . Beyond 306-41 rc, a sli ght increase in the de­

composition rate and weight loss is observed . So, the 
grafting of MMA onto the fibre result s in breaking 
down of the hydrogen-bonded structure of the back­
bone, thus leading to single-stage decomposi ti on. 
Higher initial decomposition te mperature (JDT) of 

306°C as compared to 259°C of ori g inal fibre shows 
higher thermal stability of the grafted fibre. A com­
parison of the decompositi on te mperature (DT) at 
every 10% weight loss indicates that the difference in 
success i ve DT decreases conti nuoll s I y till 609, 
weight loss and then it increases. In case of grafted 
fibre, the difference in success ive DT shows stead y 
increase, indicating thereby hi ghe r e nergy requIre­
ments for every 10% weight loss . 

The initial decomposition of the ori ginal fib re 

starts after 22.5min and goes up to 383°C within next 

2 min from 306°C. Complete decompositi on of the 
grafted fibre occurs in 31 min. These observa ti ons 
suggest that grafting may have occurred both in the 
amorphous and crystalline regions of ce llul ose . This 
is ev ident from the fact that the reg ion of decompos i­

tion of crystalline region between 473°C and :'\ 18°C 
in the original fibre is absent in the grafted fibre . 

Differential therma l anal ys is (DT A) curve of the 
Cannabis fibre and its graft copo lyme r are presented 
in Fig. 8. The ungrafted fibre shows two exothermic 

peaks at 370°C and 419°C whi Ie the grafted fibre 

shows a small endothermic peak at 349°C and an 

exothermic peak at 380°C. The sma ll peak at 370°C 

with temperature shooting to 382°C is re lated to the 

temperature region between 383°C and 420°C of 
TGA owing to the breakdown of the hydroge n­
bonded structure of cellul ose in amorph ous region. 

The second exothermic peak at 4 19°C with te mpera­

ture shooting to 473°C is due to the deco mpos iti on of 
the crystalline structure of the ce llul ose. 

The small exothermic peak in the grafted sample 
may be ascribed to the loss of e ther frolll the grafted 
poly(MMA) chains as21

: 

CH3 CH3 
I I 

-C~-9-CH2-9-

o=c c=o 
I I 

OCH3 OCH3 
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Fig. 8-DTA curves or CallI/obis and COlIl/aiJi.l'-g-PMMA lihrcs 

The exothermic peak at 380°C with temperature 
shooting to 444°C is due to the decomposition of the 
grafted poly(MMA) chains in addition to the decom­
positionof the cellulose content of the fibre. 

- The swelling behaviour of the ungrafted and 
grafted samples was studi ed in DMF, H20 and n­
butanol. The results are presented in Fig. 9. The 
swelling of the grafted samples varies as a function of 
Pg and the trend for the grafted samples follows in the 
order: DMF > H20 > n-butanol, while for ungrafted 
sample, it is H20> DMF > /I.-butanol. This is under­
standable from the fact that water affects the changes 
in the hydrogen bonding of cellulose by loosening it 
and penetrates deeper into the matri x. The same phe­
nomenon is not poss ible for DMF and II-butanol. 
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Fig. 9-Swelling as a rU llcti oll or grafting Igrail L' oj1ol vlllL' r. Ig : 
so lvent , 10 ml ; and timc 1440 mini 

However, the grafted sample contains methacrylate 
chains which are so lvolyzed by DMF and more swe l­
ling in DMF is observed with the inc rease in P~. 

However, water and Il-butanol can not interact with 
methacrylate groups to the same ex ten t. hence the 
observed diffe rent pattern s for per cent swe lling in 
the grafted copolymers. The swelling behavi our fur­
ther supports the findin gs that durin g graftin g the 
moisture content of the fibre is los l. The refore. the 
sorption behaviour of the graft ed Ci bre is sh i fred from 
water to DMF. 

4 Conclusion 
The graft copolymers show hi gher init ial decompo­

sition temperature as compared to ori g in a l fibre. The 
graftin g of methyl methacrylate shows enhanced 
thermal stability of the COlllw/)is ill dim fi bre co nsid­
erabl y. Similarly, the swelling heha viour of the fihre 
is significantly changed on grafting du e to the open­
ing up of the fibre. The change in these c h ~lra c te ri .- ti cs 

of the fibre can lead to increase in the .~ pe c trull1 ur 
uses of Call1labisJlhre. 
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