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ABSTRACT

Graft copolymerization of vinyl acetate onto gumArabic obtained fromKano
market, Kano Nigeriawas achieved using benzoy! peroxideinitiator at 70°C.
The highest graft level was obtained at 0.04M benzoyl peroxide concentra-
tion. Thegraft copolymerswere characterized in termsof graft level, grafting
efficiency and molecular weight of the grafted chains. The grafted copoly-
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mer samples were used to produce adhesives. It was found that the grafted
copolymer adhesives were more efficient than adhesive made of ungrafted

gumArabic.  © 2014 Trade SciencelInc. - INDIA

INTRODUCTION

Graft copolymerization providesauniquetechnique
for modifying polymersto meet desired use require-
ments. Graft copolymersof polysaccharidesareof ad-
ditiond interest because of their potentialsasenhanced
viscogfiersin secondary petroleum recovery processes,
and asflocculantsin miningand wastewater trestmentg?.
Graft copolymerization of vinyl monomersisoneof the
universd effectiveand blemethodsfor thechemi-
cal modification of natura polymers?.

Animportant advantage of 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 properties of the composite.
Infact, thechemicad, physical, mechanica and rheologi-

ca propertiesof graft polymerscorrelatewel | with the
size and distribution pattern of the grafted backbone
polymert®. 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 dternativeto totally new linear polymersand co-
polymers, astheability to synthesize polymers of any
quality from readily avail able and reasonably in-expen-
sivemonomersisvery atractiveindustrialy®.

Graftingyield copolymerswith remarkable changes
in physiochemical propertieswithindustrial and com-
mercia vaues>?.

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

Benzoyl peroxide is often used in
homopolymerization especidly in sugpensonand emul -
son polymerization. Inthiswork, Benzoyl peroxideini-
tiated graft copolymerization wasinvestigated in order
to establish the conditionsunder which successful graft
copol ymerization can occur.

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 (sgmaaldrichinc.), polyvinyl acohol (BDH Ltd),
aceticacid (BDH Ltd), sulphuric acid (sigmaaldrich
inc.), hydrochloricacid (BDH Ltd) and sodium hydrox-
ide (chemprohachemica) were used assupplied.

Graftingprocedure

2g of gumArabicwasdispersadin 20ml of deionised
water inabeaker overnight, 1.51mol/L of polyvinyl d-
cohol wasadded and the beaker was placed in awater
bath and heated at atemperature of 70°C. 4.88mol/L
of vinyl acetate was placed in atest tube, a known
amount of benzoyl peroxide (0.02M, 0.04M, 0.06M,
0.08M, 0.10M, and 0.12M) respectively for the dif-
ferent sets of the experiment was added and heated at
atemperature of 70°C in awater bath for 30minsto
alow for dissociation andinteraction of benzoyl perox-
idewith thevinyl acetate. The benzoyl peroxide/vinyl
acetate was then added to the beaker containing gum
Arabic/polyvinyl dcohol at 70°C. The polymerization
reactionwasallowed to proceed with agitation for about
2hrs. Thereaction mixturewas poured into excessiso-
propanol (150 cm?®) to precipitatethetota polymer. It
wasfilteredand driedinair.

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.
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The percentage graft level, Pg, isreported asthe
welght of thegrafted polymer, divided by theweight of
the gum Arabic used multiplied by 1001,

% Pg=\x2 x 100

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 100129,

% Pe= W,

2+ 3
I solation and molecular weight deter mination of
grafted polymer chains

x100

Thegrafted polymer chainswereisolated fromthe
backbonepolymer by treetment with 5ml dilutesulphuric
acidfor 24 hoursat roomtemperature. Themixturewas
poured into excess methanol (100cm?®) and the grafted
polymer preci pitated wasdried overnight. Theisolated
polymer wasdissolved in acetoneand the averagemo-
lecular weight was determi ned from viscosity measure-
ment inacetoneat 25°C using Mark-Houwink equation.
n=KMv?
wheren istheintrinsic viscosity of the polymer, Mv is
the average molecular weight, K and aareempirical
(Mark - Houwink) constantsthat are specificfor agiven
polymer, solvent and temperature.

Production of adhesive

10% of the gum Arabic-g-vinyl acetate was pre-
pared by dissolving 3g of the copolymer in 7mls of
water. The samplewasthen stabilized with 0.2g of for-
malin and 0.5g of glycerine. Formalin prevents the
growth of micro-organismsinthe adhes vethus stabi-
lizethe adhesive against degradation. Glycerineisa
humectant (moisturizer), it hel psto prevent complete
drynessintheadhesivefluid.

Thepropertiesof theadhesvei.epH, viscosity and
density were measured using the Jenway 3510 pH
meter, viscometer and density bottlerespectively.

Other testswerecarried out ontheadhesiveto as-
sessthebond strength and service performance of the
adhesive. These tests include; Drying time, Bond
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strength, Peel strength, Heat resistance, and Moisture
resistance’®l,

RESULTSAND DISCUSSION

Thegraftleve of vinyl acetateon gumArabicwith
benzoyl peroxideinitiator isshowninFigure 1.

Pg (%) increasesin value and attained amaximum
at 0.04M concentration of benzoyl peroxide. Thisindi-
catesthat the benzoyl peroxide exclusively participate
intheformation of active siteson the substrate and be-
yond it no more active sites are formed on the gum
Arabic. Further increasein benzoyl peroxide concen-

TABLE 1: Variation of benzoyl peroxideinitiator concen-
tration

tration isaccompanied by decreasein percentage graft
levels. Theleve sobtained arehigher especidly at lower
benzoyl peroxideconcentration. Thehighgraftyiedd may
also beattributed to gel effect caused by the polyvinyl
a cohol and enhanced solubility of vinyl acetateinthe
polymerization medium.

Thegrafting efficiency of vinyl acetateon gumAra
bicwith benzoyl peroxideinitiator isshowninFigure2.

Maximum grafting efficiency, (60.24%) wasatained
at about 0.08M Benzoyl peroxide concentration. Be-
yond thisconcentration %Pe decreases. It isgenerally
well recognized that the physica stateof the polymer-
ization mediumisanimportant factor affecting theex-
tent of graft polymer formation. AccordingtoMc Dowall
et al. (1984), the extent of graftingwould depend on
themonomer type, the el ectronic chargeand thereac-

Benzoyl % graft Grafting Mv of grafted . ")
peroxide (M) level  efficiency (%) chains10®  tivity of themonomer towardsthegraft polymer forma:
0.02 120.5 54.64 272 tion. Sinceefficiency measuresthedegree of effective-
0.04 1235 57.14 20.9 ness of grafting, the results showed that agood per-
0.06 120.0 58.47 19.8 centageof vinyl acetatein the copolymer wasgrafted
0.08 112.5 60.24 12.3 onto thegumArabic.
0.10 111.0 59.52 13.9 Theaveragemolecular weight of thegrafted polymer
0.12 110.0 52.91 11.3 chainsisshowninFigure3.
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Figure3: Effect of benzoyl per oxide concentration on theaver age molecular weight of grafted chains

Themolecular weight of thegrafted polymer chains
decreaseswithincreas ng benzoyl peroxide concentra-
tion. It isobserved that increasein molecular weight is
more enhanced whileusing smaller concentrations of
benzoyl peroxide. Thoughthevinyl acetatewassoluble
inthepolymerization medium, thedecreasein molecu-
lar weight may be dueto the dlow rate of diffusion of
thevinyl acetateinto the gumArabic matrix, indicating
anunderutilization of moregraftingSteonthegumAra
bic.

Evaluation of graft copolymersasadhesives

Laboratory testswere run on two graft copolymer
sampleswith Pg 120.5% and 123.5% to obtain some
estimate of gumArabic-polyvinyl acetate graft copoly-
mersasadhesives. The characteristics of the copoly-
mer samples used in the adhesive testsare givenin
TABLE2.

TABLE 2: Characteristicsof thegumAr abic graft copoly-
mer used intheadhesivetests

Gum Arabic-polyvinyl Graft Molecular wt.  Grafting
acetate copolymer level of grafted Efficiency
sample (%) polymer 10°Mv (%)
A 120.5 27.20 54.64
B 1235 20.90 57.14

Variousproperty testswere carried out on theraw
gum Arabic and the copolymer samples. Theresults
obtained were compared with adhesive made of
ungrafted gumArabic.

TABLES 5-8 comparesthe efficiency of two graft
copolymersand gum Arabic asadhesives. Itisclear
that the graft copolymersare better adhesivesthan the
ungrafted gum Arabicin paper application. Thisin-
dicatesthat agraft copolymer ismore efficient as

adhesivethan the natural polymer. The pH of the co-
polymer adhesivesfallswithin therange of the pH of
raw gum Arabic and they gave satisfactory viscosities.
Whileit took the ungrafted gumArabic adhesive 6hrs
to cure, it took the copolymer adhesives 1hr to cure.
Thisisbecausepolyvinyl acetateisafast binding adhe-
sive. The copolymer adhesives have a higher bond
strength and moi sture resi stance than ungrafted gum
Arabicadhesive Thisisasaresult of thefact that poly-
vinyl acetate s capable of forming strong bond and it
has a high resi stance to moisture absorption™”. Al so,
the copolymer adhesives have ahigher resistanceto
heat compared to ungrafted gum Arabic adhesive, this
isowed to polyvinyl acetate which hasgreet stability to
heat and light'*3,

TABLE 3: Measurement of pH, density and viscosity of raw
gum, copolymer samplesand ungrafted gum adhesive.

Sample pH Density (g/ml)  Viscosity (NYm?)
Raw gum 4.77 1.05 4.82
A 4.28 1.06 452
B 4.84 1.07 4.92
C 4.24 1.06 4.50

Where sample C is adhesive made of ungrafted gum Arabic.

TABLE 4: Dryingtimetests

Timetaken  SampleA SampleB Sample C
30mins Verygood Verygood  Poor
lhr Excellent Excellent Fair
2hrs - - Fair
3hrs - - Good
4hrs - - Good
5hrs - - Very good
6hrs - - Excellent
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TABLES5: Bond strength tests

Force(N) Standardtime(hr)  Observed timeof failure(mins) SampleA SampleB SampleC
10 12 30 Nofailure Nofailure Failure observed
20 12 - No failure  Nofailure -
TABLE 6: Peel strength tests
Force(N) Standard time (hr) O?F;T{J\rlgd(r:mz) Sample A Sample B Sample C
10 12 10 Notearing observed Notearing observed Tearing observed
15 12 480 Tearing observed Tearing observed -
TABLE 7: Heat resistancetests
Force(N)  Standard time (hr) Observed time of failure (hr) SampleA  SampleB SampleC
10 12 3 Nofailure Nofailure Failure observed
20 12 - Nofailure  Nofailure -
TABLE 8: Moistureresistancetests
Force(N)  Standard time (hr) o??aﬁj\rlgd(:r;mg) SampleA SampleB SampleC
10 12 5 No failure No failure Failure observed
20 12 360 Failure observed Failure observed -
(2000).
CONCLUSION [5] N.Thejappa, S.N.Pandey; J.Apl.Polym.Sci., 27,

Benzoyl peroxide can successfully initiate graft co-
polymerization of vinyl acetate onto gumArabic. The
resultsfrom thisresearch have provided further infor-
mation on themechanism of graft polymer formation.

Gum Arabic have been modified by grafting vinyl
acetateontoit. Someof the propertiesthat aremodified
include, heat resistance and moisture absorption. The
graft copolymersshow better efficiency asadhesives.
Theenhanced efficiency of thegumArabic-g-vinyl ac-
etate is suggested to be due to its greater degree of
branching and higher molecular weight aswell asthe
polyvinyl acetatesahility to dry ontime, formstrong bond,
res st heat and moisture absorption. The copolymer ad-
hesive can be used for paper to paper bonding for ex-
amplein bookbinding, envelopesand stamps.
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