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ABSTRACT

The graft copolymerization of vinyl acetate on gum Arabic was studied in
the presence of benzoyl peroxide. The effect of monomer concentration
over therange 1.62 — 9.76mol/L wasinvestigated. It wasfound that the graft
level increased steadily but the grafting efficiency decreased gradually. At
9.76mol/L monomer concentration, the graft level was 123.50% with grafting
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efficiency of 54.60% as compared to a graft level of 108.50% at 1.62mol/L
with grafting efficiency of 65.35%. This indicates an increase in the graft

level over the monomer concentration range.
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INTRODUCTION

Graft copolymerization providesauniquetechnique
for modifying polymersto meet desired use require-
ments. Graft copolymersof polysaccharidesareof ad-
ditiond interest because of their potentialsasenhanced
viscosifiersin secondary petrol eum recovery processes,
and asflocculantsinminingand wastewater treatmentg™¥.
Graft copolymerization of vinyl monomersisoneof the
universd effectiveand accessblemethodsfor thechemi-
ca modification of natural polymerd?.

Animportant advantageof graft copolymerization
isthat the polymeric substrate or backbone polymer
and the grafted polymer chains are held together by
chemical bonding alowing thetwo polymersto beinti-
mately associated rather than asmerephysica mixture.
Thermodynamicdly, thegrafted chainsare expected to
be distributed on the backbone polymer and impact

beneficial effectson the propertiesof the composite.
Infact, thechemicd, physica, mechanica and rheologi-
ca propertiesof graft polymerscorrelatewe | withthe
size and distribution pattern of the grafted backbone
polymer®. Thusamajor focusin graft copolymeriza-
tion studiesisthe optimization of grafting frequencyi.e.
the number of polymer graftsintroduced on the back-
bone polymert,

Graft copolymersarebecoming moreimportant as
an adternativeto totaly new linear polymersand co-
polymers, astheability to synthesize polymers of any
quality from readily avail able and reasonably in-expen-
sivemonomersisvery atractiveindustrially®.

Graftingyield copolymerswith remarkable changes
inphysiochemical propertieswithindustrial and com-
mercia vaues>*2,

GumArabicwhichisessentidly acomplex polysac-
charideisanatural gum made of hardened sap taken
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from species of the acaciatree. It is harvested com-
mercialy throughout the sahel from Senega and Sudan
to Somaliaand also in the northern part of Nigeria®3.
Gum Arabic is useful as hydrocolloid, emulsifier,
texturizer and film-formert*4,

Studieson graft copolymerization of vinyl acetate
ongumArabic by benzoyl peroxideispresentedinthis
work. Theeffect of monomer concentration onthegraft
level and grafting efficiency wasinvestigated and dis-
cussed.

EXPERIMENTAL

GumArabicwas purchased from Kano market in
Kano. It waspurified by dissolvingin deionized water
for threedays, filtered and precipitated in excessiso-
propanol and dried in vacuum.

Vinyl acetate monomer and benzoyl peroxidewere
obtained from QuaikemsfinechemicalsLtd. All other
reagents, that is, isopropanol (Sgmaadrichinc.), metha:
nol (sgmaadrichinc.), polyvinyl alcohol (BDH Ltd),
aceticacid(BDH Ltd), sulphuricacid(sgmaadrichinc.),
hydrochloric acid(BDH Ltd) and sodium
hydroxide(chemprohachemica) wereused assupplied.

GRAFTING PROCEDURE

Theeffect of monomer concentration was deter-
mined using various amounts of vinyl acetateand con-
stant amounts of benzoyl peroxideand polyvinyl aco-
hol and the gum Arabic (2g) dispersed in 20ml of
deionised water. Therequired amount of polyvinyl al-
cohol (4.53mol/L) was added to the beaker containing
gum arabic and water. Therequired amount of benzoyl
peroxide (0.02M) wasintroduced into atest tube con-
taining vinyl acetate (1.62, 3.25, 4.88, 6.51, 8.13, and
9.76mol/L) respectively for thedifferent setsof theex-
periment and in each casethereaction wasallowed to
proceed for 30minsin awater bath at atemperature
70°C. The benzoyl peroxide/vinyl acetate was then
added to the beaker containing gumArabic/ polyvinyl
alcohol a 70°C and the polymerization reaction was
allowed to proceed with agitation for 2hrs. Thereac-
tion mixturewas poured into excessisopropanol (150
cm?®) to precipitatethetotal polymer. It wasfiltered and
driedinair.
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The ungrafted polyvinyl acetate homopolymer
formed was extracted with 1.1 acetic acid and water.
Theresidue obtained wasair-dried and weighed. The
weight of the homopolymer wasthereforereported as
weight of total polymer minusweight of grafted poly-
mer and weight of gumArabic.

The percentage graft level, Pg, isreported asthe
weight of thegrafted polymer, divided by theweight of
the gum Arabic used multiplied by 100,

W
% Pg = ﬁ
WhereW, and W, arethe weight of the gum Arabic
and grafted polymer respectively.

Thegrafting efficiency, Pe, isreported aswei ght of
grafted polymer divided by theweight of synthesized
polymer formed (weight of grafted polymer and weight
of homopolymer) multiplied by 100,19,

W,

F

—= x100
1

%100

% Pg=H

ISOLATIONAND MOLECULARWEIGHT
DETERMINATION OF GRAFTED POLY-
MER CHAINS

Thegrafted polymer chainswereisolated fromthe
backbonepolymer by trestment with 5ml dilutesulphuric
acid for 24 hours at room temperature. The mixture
was poured into excess methanol (100cm?®) and the
grafted polymer preci pitated wasdried overnight. The
isolated polymer was dissol ved in acetoneand the av-
erage molecul ar wel ght was determined from viscosity
measurement in acetoneat 25°C using Mark-Houwink
equation.

n=KMv*
wheren istheintrinsic viscosity of the polymer, Mv

TABLE 1: Variation of vinyl acetate (monomer) concentra-
tion

Benzoyl % graft Grafting Myv of grafted
peroxide (M) level efficiency (%) chains 10°
0.02 120.5 54.64 27.2
0.04 1235 57.14 209
0.06 120.0 58.47 19.8
0.08 1125 60.24 12.3
0.10 111.0 59.52 13.9
0.12 110.0 52.91 11.3
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Figurel: Effect of vinyl acetate concentration on % graft level
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Figure2: Effect of vinyl acetateconcentration on grafting efficiency

is the average molecular weight, K and a are em-
pirical (Mark - Houwink) constantsthat are specific
for agiven polymer, solvent and temperature.

RESULTSAND DISCUSSION

Thegraft level increased steadily with monomer
concentration over therange 1.62-9.76mol/L ascan
beseeninFigurel.

Thisisconsistent withthefindingsof Das, Noyak
and Singh (1991) and Eromosd eand Hamagudu (1993)
and the extent of grafting depended on the amount of
vinyl acetate. It issuggested that theincreasein graft

level may be attributed to gel effect and enhanced
solubility of polyvinyl acetate in its monomer and
itsrate of diffusioninto the gum Arabic matrix™.
Thegrafting efficiency decreased gradudly within-
creaseinmonomer concentration asshowninFigure 2.
According to Okiemen and Idehen (1987), ina
polymerization system containing fixed amount of ini-
tiator, water and cellul ose, therewould beamaximum
amount of the monomer that would be complexed. An
increaseinthemonomer concentration abovethemaxi-
mum value would not be expected toresultinanin-
creaseintheextent of graft copolymer formation.
Theaverage molecular weight of the grafted gum
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Figure3: Effect of vinyl acetate concentration on theaver agemolecular weight of grafted chains.

Arabicincreaseswith increase in monomer concen-
tration as shown in Figure 3.

Theresult of thisfindingsisconsstent withthework
of Bazuaye, Okiemenand Said (1998). Theincreasein
molecular weight may be dueto enhanced utilization of
moregrafting SteonthegumArabic, monomer solubil-
ity anditsrateof diffusionintothegum matrix.

CONCLUSION

Thegraft copolymerization of vinyl acetateongum
Arabic using benzoyl peroxidewas presented inthis
article. Benzoyl peroxide can successfully initiate graft
copolymerization of vinyl acetateontogumArabic. The
effect of monomer concentration wasinvestigated and
discussed. It wasfound that the graft level increased
dowly withincreased monomer concentration, but the
grafting efficiency decreased gradudly. Theincreasein
graft level may beattributed to gel effect and enhanced
solubility of polyvinyl acetateinitsmonomer, and its
rateof diffusionintothegum matrix.
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