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ABSTRACT KEYWORDS
Synthesis of new low cost natural carbohydrate polymers based on cross- Pregelled starch;
linking pregelled starch-using epichlorohydrin as a cross-linking agent Crosslinking;
via graft copolymerization was studied in detail using potassium Grafting;
monopersuphate in presence of Fe** redox pair asinitiator. Different fac- Methacrylamide;
tors affecting the graft polymerization reaction such as potassium Dyes.

monopersuphate, ferrous ion, sulphuric acid and methacrylamide con-
centrations, material toliquor ratio in addition to polymerization time and
temperature were studied systematically. This was done to prepare poly
(MAam)-cross-linked pregelled starch graft copolymers having different
graft yieldsand their usesfor removal of different classes of dyes namely
acid, disperse and basic dyes from their solutions. In addition, the graft-
ing parameters were studied with respect to graft yield and graft reaction
efficiency %. Based on the results obtained, appropriate conditions for
grafting methacrylamide onto cross linked pregelled starch were estab-
lished and the graft yield is higher under the following conditions: using
60mmol/L potass um monopersul phate asinitiator, 40m mol/L ferrousion
concentration, 50mmol/L, sulphuric acid; material toliquor ratio 1:7.5; 50%
methacrylamide concentration (based on weight of substrate), reaction
time, 60 min; and polymerization temperature, 40°C. Finally, utilization of
the resultant copolymersfor dyesremoval reflects the role of the copoly-
mer as effective adsorbent for theremoval of acid and disperse dyesfrom
aqueous solutions, beside little or no affinity to basic dye. It would be
interesting to use these copolymers as sorbent for the economic treat-
ment of effluent containing particularly acid dyes.

© 2008 Trade Sciencelnc. - INDIA

INTRODUCTION and drinking water dueto presence of alarge number

of contaminantslike acids, bases, toxic organic, inor-

Thewastewater disposed by textileand other in-  ganic, dissolved solidsand color (dyes). Out of al such
dustriesiscausing major hazardsto theenvironment — contaminants, the color seemsto bethe most undes-
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ired one, ashuman eye can most easily recognizeit. It
isnow awel |-established fact that the col oration of water
ismainly caused by dyes, which are generally toxic,
non-degradable and stable. The stability of dyesto-
wardslight and oxidizing agentsa so create aproblem
for their removal by different wastetreatment proce-
dures. Hence, their removal methodsare selected with
agreat ded of care*8. Formerly, conventional meth-
odsadopted by textileindustriesfor remova of colora-
tion fromtheir disposal wasteinclude, froth flotation,
flocculating, etc. However, dl suchmethodswerefound
inefficaciousand incompetent. During thelast decade,
the attention has been shifted towards adsorption tech-
nique, which hasemerged asoneof thewidely accepted
methodsfor theremova of al such contaminants. The
literature survey reveal sthat alargenumber of waste
products have been utilized as adsorbent; theseinclude
peatl®19 and bagasse fly ash(**12,

Starchisprobably the most abundant and low cost
natura commercially availablebiodegradableand re-
newabl e carbohydrate polymer. So, considerablere-
search work have been reported so far that, chemica
modification of starch or modified starch viathe most
important fascinating fieldi.e. graftingweredonefor
improving the starch propertiesand enlarging therange
of itsutilization*>21,

Inthiswork we attempt to explorethe possibility
of synthesizinganovel type of grafted starchesbased
on pregelled starch. Thiswasdonefirst by crosslinking
the pregelled starch with epichlorohydrin asacrosslink-
ing agent in presence of NaOH, then graft the cross
linked starch with methacrylamideasareactive mono-
mer using potassium monopersul phatein presence of
Fe*2redox pair asinitiator. Different factorsaffecting
the polymerization reaction were studied with respect
toinitiator, monomer and Fe2ion concentrations, ma-
terid toliquor ratio polymerizationtimeaswed | aspoly-
merization temperature. Finaly, thework wasfurther
extended to study the suitability of selected samplesof
the prepared poly (methacrylamide)-cross linked
grafted starch having different graft yields(i.e. different
CONH, groups) for different classesof dyesremoval.

Experimental part
1. Materials
Pregelled starch waskindly supplied by Egyptian
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starch and Glucose M anufacturing Company, Cairo
Egypt. Epichlorohydrin, sodium chloride, methacryl
amide, hydrochloric acid, potass um monopersul phate
(AldrichUSA), ferrous sulphate (AR, BDH), ethyl and
methyl a cohol were purchased from different suppli-
ers.

2. Dyes

Aciddye(C.l. Acid Blue 25), disperse dye (C.I.
Disperse Blue 3) and basic dye (C.1. Basic Blue 3)
werecommercia productsand used without purifica-
tion.

Dyesstructure

C.l. Acid blue 25

NH, 0 NHCH,
NH, O  NH-CH,CH,-OH

C.l. Disperseblue 3

P
H3CH,C N
N

, /NQCHZCHg
H4CH,C ch, s
C.l. Basicblue 3
Adsor ption procedure

Sorption capacitiesof poly (methacrylamide) cross-
linked pregelled starch having different graft yie dsex-
pressed as N % was determined by batch method as
follows

The polymer 0.25g wasmixed with4mL of aNaCl
0.1mol/L agueous solution of thedye (100mg/L) ina
tightly closed flask that was shaken for 24hour at room
temperature. Theresidua concentration of thedye sol-
ute was determined by spectrophotometery.

The sorption capacity wasthen cal cul ated and ex-
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pressed in percentage uptake (R in %), which repre-
sentstheration between the amount-adsorbed dyeand
the startingamount dye.

amount of dyeadsor ped
total amount of dye

R% = x 100

Prepar ation of cross-linking of pregelled starch

100g pregeled starch was durred in 150mL water
containing 1.5g sodium chlorideand 8mL epichlorohy-
drin. Tothisdurry, 6g sodium hydroxidein 40mL water
wasadded dowly over 30min. Themixturewasstirred
for 16 hrsat room temperature. The slurry now con-
taining ahighly cross-linked pregelled starch, was ad-
justed to pH = 6.5 with 2% HCI. The product was
washed with water, filtered, and then washed withwa:
ter and ethanol and findly air-dried.

Polymerization procedure

Thegraft polymerization reaction was carried out
in 100 mL flasks containing an agueous sol ution of
monomer. Theflaskswere stoppered and placedina
thermostati c water-bath until the required temperature
was reached. Nitrogen gaswas purged through this
solution to remove the dissol ved oxygen. The cross-
linked pregelled starch and calculated amounts of
sulphuric acid and ferrous sulphatewere added and the
reaction mixturewas mixed thoroughly. Toinitiatethe
reaction aknown amount of potassum monopersul phate
solution was added. The contentswere shaken occa
siondly during polymerization. After thedesired reac-
tion time, theflask contentswere poured over 500mL
of ethyl alcohol where a precipitate was formed that
consisted of cross-linked pregelled starch graft copoly-
mer and the homopolymer. The homopolymer, poly
(methacrylamide), was removed by washing with 500
mL water-ethanol mixture (30:70) several times (for
15min. each) onthe magnetic tirrer at room tempera:
ture, filtered andfinally dried inan e ectricoven at 60°C
for 3h. It wasfound experimental ly that washing five
timeswith amixture of water/ethanol (30:70, v/v) is
quite enough for complete homopolymer removal in
physica mixturesof starch/poly (methacrylamide), that
can be proven by tracing the nitrogen content of these
mixtures after each wash.

1. Evidenceof grafting

CHEMICAL TECHNOLOGY

Thiswasdoneviameasuring the nitrogen % of the
grafted samplesby awell-known Kjeldaha method®
threetimesfor each sample, aswell astheir standard
deviation. On other words, both the nitrogen % and
standard deviation for each sampleweretaken asan
evidenceof grafting onto cross-linked pregelled starch
that isfreefrom nitrogen groups asastarting substrate.

2.Characterization

Thegraft yield wastraced by estimating the nitro-
gen content (%) and the graft yield was calculated as
follows

100(N%), 6.07

Graftyield (%) = —— 2220
100 — (N%), 6.07

Ontheother hand, the graft reaction efficiency per-
cent (GR.E. %) wasca culated asfollows

graftyield (%)
per cent of monomer based on

G.R.E.(%) = x 100

weight of starch (bows)

RESULTSAND DISCUSSION

Pregelled starchwasfirgt cross-linked with epichlo-
rohydrinin presence of sodium hydroxidetoyieldin-
solublecrosslinked pregelled starch asfollows:

2St—OH+H,C—CH—CH,—Cl
\_/
(@]
l NaOH

@
St—O—CH,—CH=CH,—0-St + NaCl

OH
Where St-OH is pregelled starch

1. Potassium monoper suphate concentration
(PMPS)

Figure 1 shows the effect of potassium mono
persuphate (PM PS) concentration on the grafting pa-
rameters(graft yield and graft reaction efficiency %) of
poly (MAam)-crosdinked pregdled sarch graft copoly-
mers. Figure 1 showsthat within therange studied, in-
creasng PMPS concentration from 20to 60mmol/L is
accompanied by anincrement inthegraft yield, but be-
yond thisconcentration the graft yieldsdecrease gradu-
ally. Thisisin agreement with theresults of the graft
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Figure 1: Effect of PM PSconcentration on GY % and GRE % of poly (M Aam)-cr osslinked pregelled star ch gr aft

copolymer; Reaction conditions: Cross linked pregelled starch, 3g; Fe*, 40 mmol/L; Sulphuric acid, 50mmol/L; Material to
liquor ratio, 1:7.5, Methacrylamide, 50% based on weight of substrate; time, 60 min; temperature, 40°C
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Figure2: Effect of ferrousion concentration (mmol/L) onthe GY. % and GRE % of poly (M Aam)-cross-linked pregelled

starch graft copolymer; Reaction conditions: Cross-linked pregelled starch, 3g; PMPS, 60mmol/L; Sulphuric acid, 50mmol/
L; Material to liquor ratio, 1:7.5, Methacrylamide, 50% based on weight of substrate; time, 60 min; temperature, 40°C

reection efficiency that showsamaximum va ueof about
52% at 60mmol/L potass um monopersuphate concen-
trations.

Theincreasein grafting parameter may be dueto
the progressivereduction of potass um monopersuphate
by ferrousion producing sul phate-ion radicalsand hy-
droxyl freeradical sthat attack pregelled starch mol-
ecule creating morefreeradical s speciesthat partici-

patemainly ingraft initiation. While on the other hand,
the reduction in grafting parameter after 60mmol/L
PMPS may be explained intermsof; (a) salf-termina-
tion of growing grafted chain viapresence of abundance
of free radical speciesand (b) presence of excess of
Fe* ions causestermination of grafted chainduetoiit
has been known as an ideal retarder of free radical
polymerization?2,
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Figure3: Effect of sulphuricacid concentration onthe G.Y.% and GRE% of poly (M Aam)-crosslinked pregelled starch

graft copolymer; Reaction conditions: Cross linked pregelled starch, 3g; PMPS, 60 mmol/L; Fe*, 40mmol/L; Material to
liquor ratio, 1:7.5, Methacrylamide, 50% based on weight of substrate; time, 60min; temperature, 40°C

2. Ferrousion concentration

Figure 2 showsthe effect of Fe?* ion concentra-
tionsonthegraft yield and graft reaction efficiency per-
cent of poly (MAam)-cross-linked pregelled starch
graft copolymers. Obvioudy increasing the Fe* con-
centrationsfrom 10 to 40mmol/L isaccompanied by
anincreaseinthegrafting parameters, after that thegraft-
ing parameters decrease.

Theenhancement in grafting may be dueto thein-
creasein KHSO,/Fe** concentration adduct which un-
dergoesdecomposition at pregelled starch surfacere-
sultingingeneration of number of freeradica speciesat
faster rate at which addition of monomer takes place.
While on theother hand, the decreasein grafting may
beattributed to the excess of Fe* ion produced during
disproportionation of KHSO, /Fe** couplethat retards
theradica polymerization reaction=2,

3. Effect of sulphuricacid concentration

Figure 3 showstheeffect of sulphuric acid concen-
trationson the grafting parameters. It wasfound from
theabovefigurethat, thegrafting parametersincrease
by increasing the concentration of an acid within the
range studied. Increasing thegrafting parameterswith
increasing theacid concentration may beduetoincreas-
ing the concentration of the reactive speciesthat result

in high production of primary freeradical speciesas
well astheability of theseradical speciesto react with
other ingredient (s) rather than starch.

HSO% + H+—)H2305
3.Material toliquor ratio

Figure4 reved stheeffect of changing the materia
toliquor ratio onthegraft yield and graft reaction effi-
ciency of poly (methacrylamide) - cross-linked pregdled
starch graft copolymer. Figure-4 showsaso that, in-
creasingthemateria toliquor ratioupto 1:7.5isac-
companied by anincreaseinthegrafting parameter, then
decreaseswhen theliquor ratio increasesup to 1:15.
So, itislogicaly to say that, of al liquor ratio studied, a
materia toliquor ratio 1:7.5 congtitutethe best ratio. It
islikely thet at thisparticular liquor ratioagood grafting
environment iscreated through i ntimate associ ation of
the monomer and initiator with the pregelled starch
macromol ecules. Oncethisisthe case, greater avail-
ability of themonomer andinitiator inthevicinity of the
pregelled starch macromol ecul esoccurs, thereby lead-
ingto higher grafting. Oppositesituationisencountered
at higher materid toliquor ratio.

5. Effect of M Aam concentration
Figure5 showsthe dependence of methacrylamide

CHEMICAL TECHNOLOGY
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Figure4: Effect of material toliquor ratioonthe G.Y.% and GRE% of poly (M Aam)-crosslinked pregelled ar ch graft

copolymer; Reaction conditions: Cross linked pregelled starch, 3g; PMPS, 60mmol/L; Fe?*, 40mmol/L; sulphuric acid,
50mmol/L; Methacrylamide, 50% based on weight of substrate; time, 60 min; temperature, 40°C
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Figure5: Effect of M Aam concentration onthe G.Y. % and GRE % of poly (M Aam)-crosslinked pregelled star ch gr aft

copolymer; Reaction conditions: Cross linked pregelled starch, 3g; PMPS, 60mmol/L; Fe*, 40mmol/L; sulphuric acid,
50mmol/L; Material to liquor ratio, 1:7.5, time, 60 min; temperature, 40°C

concentration onthegraft yield and graft reaction effi-
ciency % of poly (MAam)-cross-linked pregdled starch
graft copolymer. Itisclear fromthefigurethat, thereis
adirect relation between the graft yield and monomer
concentration withintherangestudied. Thisistruly due
togreater availability of themonomer moleculesat higher
methacrylamide concentration in the proximity of
pregdled starch.

Whileon the other hand, with respect to GR.E.,
the results reflect that G.R.E. decreases as the
methacrylamide concentration increases, unlikethegraft
yield. Thissuggeststhat, besdeitsfavorableeffect on
grafting reaction, the concentration of methacrylamide
seems to have an outstanding effect on the homo
polymerization reaction. Sincethegrafting reaction com-
peteswith the homopol ymerization and sincethe con-

] CHEMICAL TECHNOLOGY

Au Tudian Yournal



36 Carbohydrate polymers

CTAIJ, 3(1) June 2008

Pull Paper ===

60

50 1

40 A

30 1

G.Y. % and G.R.E%

10 4

20 /\

0 20 40 60

80 100 120 140

Reaction time (min)

Figure6: Effect of polymerization timeonthe GY. % and GRE % of poly (M Aam)-crosslinked pregelled starch gr aft

copolymer; Reaction conditions:Cross linked pregelled starch, 3g; PMPS, 60mmol/L; Fe*, 40mmol/L; sulphuric acid, 50mmol/
L; Material to liquor ratio, 1:7.5; Methacrylamide, 50% based on weight of substrate; temperature, 40°C

centration of methacrylamide actsmoreinfavor of the
latter, and the observed decrement in GR.E. by increas-
ing methacrylamide concentration can beexplained.

6. Effect of polymerization time

Figure 6 showstheeffect of reaction time (period)
on the grafting parameters by changing thetimeof re-
actionfrom 15to 120 min. Itisseenfromfigure-5thet,
thereisanincreaseinthegraft yield and graft reaction
efficiency percent asthereactiontimeincreased from
15to 60 min. thenleveed off by increasing thereaction
timeto 120 min. Increasing thegrafting parameter from
15 to 60 min. may be attributed to addition of greater
number of methacrylamide moleculesto thegrowing
grafted chains. Whilelevding off grafting parameter af -
ter that, could be associated with depletion in mono-
mer andinitiator concentration asthereaction proceeds.
Beside, it may adso belikely that, during the course of
grafting, pregelled starch undergoes modificationand
themodified starch derived thereof isnot asamenable
to grafting asthe unmodified starch, apoint which may
betakeninto cong deration when explaningleveing off

grafting.
7. Effect of polymerization temperature

Theeffect of polymerizationtemperatureonthegraft
yield and graft reaction efficiency percent of poly

CHEMICAL TECHNOLOGY

(MAam)-pregelled starch graft copolymers has been
showninfigure7. However, the extent of graftingis
determined by temperature; the extent of graftingin-
creasesby raisng the polymerization temperaturefrom
20°C to 40°C then decreases by raising the polymer-
ization temperatureto 50°C. Results of grafting reac-
tion efficiency arein accordancewith those of grafting
reaction.

Thisbehavior may beexplained onthebasisof the
fact that withincreaseintemperature, therate of pro-
duction of primary freeradicals speciesincreasewhich
generate the grafting sites at greater rate thereby in-
creasing grafting. Beside the favorable effect of tem-
perature (up to 40°C) on grafting could be ascribed to:
1. Better decomposition of theredox system, giving

risetomorefreeradicals,

2. Increased mobility of methacrylamidemolecules;

3. Greater swell ability of thepregelled starch;,

4. Higher diffusonof MAN ontothepregelled starch
structure, and;

5. Higher rate of initiation and propagation of the
graftedchain.

Whileontheother hand, thelower graftingisob-
served at 50°C, perhaps, due to faster termination rate.
Neverthe ess, thepossibility of greater amount of ho-
mopolymer formation at higher temperature and the
adverseeffect of thisonthegraft yield and grafting and

A udéan Journal
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Figure7: Effect of polymerization temperatureontheG.Y. % and GRE % of poly (M Aam)-crosslinked pregdled starch

graft copolymer; Reaction conditions: Cross linked pregelled starch, 3g; PMPS, 60mmol/L; Fe?*, 40mmol/L; sulphuric acid,
50mmol/L; Material to liquor ratio, 1:7.5; Methacrylamide, 50% based on weight of substrate; Time, 60min

graft reaction efficiency % cannot beruled out.
Tentativemechanism for grafting

The presence of ferrousion (Fe**) inthe polymer-
ization medium with potassium monopersuphate
(KHSO,) produces sulphate and hydroxyl ions free
radicals species (R'), which occur most probably ac-
cording to the mechanism, suggested by equations. (1)
and (2):

Fe?" + HSO; - Fe®* + SO2™ +-OH @

Fe?" + HSO5 - Fe®* + SO, +OH @)

Oncethefreeradical species(R-) areformed, they
produce cross-linked pregelled starch macro radical
St-O- viadirect abstracting of hydrogen atomsfrom
hydroxyl group. Thisreaction may berepresented as
follows

St-O-CH,—CH—CH»-O-St + R+ —
OH 3
St-O-CH,—CH—CH,-0-St + RH
l,
St-O-CHp— CH— CH,-O-St

Where o representsthe cross-

linked pregelled starch molecule.
Inthepresenceof syntheticvinyl monomer thecross

linked pregelled starch isadded to the double bond of
thevinyl monomer, resultinginacovaent bond between
monomer and pregelled starch with creation of afree
radical onthemonomer, i.e,, achainisinitiated. Subse-
quent addition of monomer moleculestotheinitiated
chain propagatesthe grafting reaction onto pregelled
garchasfollows:

St-0-CH,—CH—CH,-O-St + CH,=CHX —»

o)
St-O-CH,—CH—CH,O-St + RH 4
O—CH,—CHX
Subsequent addition of monomer moleculestothe
initiated chain leads ultimately to the cross-linking
pregelled starch graft copolymer. The proposed inter-
action schemeof propagation and termination of graft-
ing may be presented asfollows:
St-0-CHy—CH—CH,-O-St + RH —3
O—CH,—CHX
St-O-CH,—CH—CH,-O-St ©)

O—(CH,—CHX)-CH,—CHX
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St-0-CH,=CH=CHy-O-St + n CHp=CHX __

O—(CH,—CHX)-CH,—CHX

P (6)
St-0-CH,—CH —CH,-0-St

O—(CH,—CHX),"CH,=CHX

Characterization of the prepared copolymer in
dyesremoval

Itiswel known that the adsorption onasolid takes
placeinthree stages: (a) externa diffusion wherethe
masstransfer by diffusion of the adsorbate molecules
fromthebulk fluid phase through astagnant boundary
layer surrounding each adsorbent particleto the exter-
na surface of thesolid; (b) internd diffusonwherethe
transfer of the adsorbate to theinterior of the particle
by the migration of the adsorbate moleculesfrom the
relative small externa surface of the adsorbent to the
surface of the poreswithin each particles; and (c) the
diffusion of the adsorbate molecul esthrough the pores
molecules.

The sorption capacity (dye uptake R%) isinvesti-
gated using threetypesof dyeshavinganionic dyelike
acidicdyegroup (C.I. Acid blue 25), cationic dyelike
basic dyegroup (C.I. Basicblue 3) aswell asnonionic
dyelikedispersedye (C.I. Disperse blue 3) asshown
in dyestructures. Thiswasdoneunder the optimized

CHEMICAL TECHNOLOGY

experimental conditionsasshown inthe experimenta
part.

Ontheother hand, to evaluatetheinfluence of the
variation of thegraft yield of the prepared copolymer
on the sorption capacity, different testswere carried
out usingfivecopolymershaving different graft yieldin
additionto crosdlinked pregelled starch asablank sub-
strate having zero amide groups prior to grafting just
for comparison.

Figure 8 showsthe sorption capacity (expressed
as percentage uptake) of acid, disperseand basic dyes
on poly (methacrylamide) cross-linked pregdlled sarch
having different amide groupsand theblank one.

Itisseenfromfigures8that, at any graft yield, the
sorption capacity followstheorder:

Acid Dye(AB25) > Disperse Dye (DB3) > Basicdye (BB3)

Whileby increasing the graft yields of the prepared
copolymers, the sorption capacitiesfor both acid and
disperse dyesincreases. In other words, the acid dye
(AB25) displaysthe best interaction or sorption ca-
pacity with the polymersin question containing varying
amidegroups (i.e. interaction between amide groups
on the copolymer and sulfonic acid groupsintheacid
dye). Thiswas confirmed by the higher sorption ca-
pacities of the prepared copolymersthat reach amaxi-
mum at 92.3% at higher graft yield. Inadditionto hy-
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drogen bonding between amide groups of the polymer
network and thefunction groups presentinthedye. On
the other hand, the sorption capacity of the copolymer
with basic bluedye (BB3) showsalittleor nointerac-
tion dueto the presence of cationic functionsgroups
that arenot efficient for dye-polymer interaction. Fur-
thermore, by increasngthegraft yiddincasebasicdye
sorption, the sorption capacity decreases, thismay be
attributed to the higher amount of the amide groups,
which arenot efficient for dye polymer interaction as
shown above. While, on the other hand, dispersedye
sorptionliesin between and followsthesametrend with
acid dye but with lesser extent.

CONCLUSIONS

Poly (methacrylamide)-crosslinked pregdled starch
having different graft yields are synthesized and char-
acterized by measuring the nitrogen % for provesgraft-
ing. These copolymersareeffective adsorbentsfor the
removal of acid dyesfrom agueous solutionsand fol -
low theorder: Acid dye (AB25)>Dispersedye (DB3)
>Basicdye (BB3). It would beinterestingto usethese
copolymers as sorbent for the economic treatment of
effluent containing acids.
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