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ABSTRACT KEYWORDS
Propelled starch(PG) wasfirst crosslinked with epichlorohydrin to obtain Pregelled starch;
insoluble cross-linked pregelled starch(CPS). Thelatter wasgraft co poly- Epichlorohydrin;
merized with different amounts of Methacrylic acid (MAA) using potas- Cross-linking;
sium persulphate as initiator. This was done to obtain six levels of Methacrylic acid;
poly(MAA)-crosslinked pregelled starch graft copolymers(PM CPS) hav- Grafted starch;
ing different graft yields(expressed as meq COOH/100g starch) with in- Heavy metal ionsremoval;
creasing order and designated as(PM CPS 1 to PMCPS 6). The latter co- Dyes.

polymers were dispersed in agueous solution of heavy metal ions (Cu?,
Pb?*, Cd?* and Hg?*) and filtered to form polymer-metal ions complex.
Different factors affecting the heavy metal ions removal such as pH, ex-
tent of grafting, treatment time and starch dose were studied in detail. It
was found from the obtained results that; the residual metal ions removal
from their aqueous solutions increased with (a) increasing the extent of
grafting expressed as (carboxyl contents) of PMCPSi.e. from PMCPS1to
PMCPS6; (b) Increasing the pH of the metal ions solution complex from 2-
8; (c) increasing the starch dosage from 0.25 to 2.0 % based on total
volume of the solution, then leveled off thereafter, (d) increasing the time
of the reaction up to 20 minute then leveled off after that. On the other
hand, Pb, Cd and Hg ions were also removed from their solutions with
different extent according to their atomic size and reactivity. Further more,
the prepared copolymer could be recovered by washing the metal ions
from the complex with weak acid IN HNO, (pH 2) and the metal-binding
activity of the starch was dlightly reduced by this process. Finaly, the
ability of PMCPSto remove threetypes of basic dyesfrom their solutions
was also reported. © 2008 Trade Sciencelnc. - INDIA
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INTRODUCTION

Itiswell knownthet, heavy metd ions, organic com-
pounds and dyesremain aseriousenvironmental prob-
lem facing theworld for water pollution, asaresult of
their numerousindustria gpplications. In addition many
of them areknownto betoxic or carcinogenic even at
low concentration, not biodegradabl e and tend to ac-
cumulateinliving organismscausing aseriousdi seases
and disorders¥. So, their presencein water should be
controlled. Different methodssuch asprecipitation, ion-
exchange, reverseosmos' s, solvent extraction, electro
didysistechniques?3, biologica treatments*®, mem-
brane process®7, advanced oxidation process®, chemi-
cal and el ectrochemical techniques® and adsorption
procedure®®*® have been developed for theremoval
andrecovery of metd ionsand organic compoundsfrom
sewageand industrid wastewater. Amongst dl thetech-
niques proposed, adsorption-using sorbentsis one of
themost fascinating and popul ar methodsfor high quaity
treated effluents. Recently, agreat attention and faster
publicationsrate on devel oping cheaper and effective
adsorbentsconta ning natura polymersto overcomethe
non-biodegradability and high cost of the adsorbent
resinswere reported. Among these, polysaccharides,
such aschitinand chitosan™, cyclodextrini*® aswell as
starch derivatives's*¥ deserve particular attentionwith
respect to their ability to remove heavy metal ionsand
dyesfrom agueous solutions.

In the present work, our research team attempt to
exploretheadsorption behavior onthenewly prepared
poly (MAA)-crosslinked pregelled starch graft copoly-
mer (PMCPS) having different graft yields expressed
ascarboxyl contents(apoint that hasnot been reported).
Thelatter were prepared by grafting different amount
of MAA onto crosslinked pregelled starch using po-
tassium persulfate asinitiator toward Cu?*, P?*, Cd?,
and Hg?" ionsremoval from their solutions. For this
purpose, variousfactorsaffecting the adsorption, such
aspH, treatment time, extent of grafting, starch dose
and recovery of starchwere studied in detail. In addi-
tion, theability of PM CPSto removebasic dyesfrom
their solutionswas also reported.

MATERIALAND METHODS
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Materials

Pregdlled sarchwaskindly supplied by Caro Com-
pany for Starch and Glucose, Cairo, Egypt. Methacrylic
acid stabilized with 0.01% hydroquinone, wasfreshly
distilled at 75°C and pressure of 100mm Hg. It was
stored at -10°C until used. Epichlorohydrin, sodium
chloride, potassium persul phate, hydrochloric acid,
Nitric acid, sodium hydroxide, CuSO,.5H,0, Pb(CH,
CO,),.3H,0, Hg(CH,CO,),, and CdSO4 were re-
agent gradechemicals.

Prepar ation of cross-linked pregelled starch

100g pregelled starch was durred in150ml water
containing 1.5g sodium chlorideand 8ml epichlorohy-
drin. Tothisdlurry, 6g sodium hydroxidein 40ml water
wasadded d owly over 30min. Themixturewasstirred
for 16hrs at room temperature. The slurry now con-
taining crosslinked pregelled starch, was adjusted to
pH 6.5 with 2% HCI. The product was washed with
water, filtered, and then washed with water and ethanol
andfindly air-dried.

Preparation of poly(methacrylicacid)-crosslinked
pregelled star ch graft copolymer having different
graft yields

Six levelsof poly (MAA)-crosslinked pregelled
starch graft copolymer with different graft yields (ex-
pressed as meq COOH/100g starch), used as
adsorbentsfor (Cu?, Pb*", Cd?* and Hg?") ionsinthis
study, were synthesi zed by keeping al thegrafting re-
action conditions constant and varying only themono-
mer concentration asshownin TABLE 1.

Thegraft polymerization reaction was carried out
in 100ml stoppered flasks contai ning an aqueous solu-
tion of monomer(5,10,20,30,40 and 50 % based on

TABLE 1: Preparation of poly(MAA)-crosslinked pregelled

garch graft copolymer havingdifferent graft yields(expressed

asmeg/COOH/100g star ch)
Methacrylic Acid

concentration Graft Yield
Starch type (based on weight of (expressed as meg/
COOH/100g starch
substrate)
PMCPS 1 5 50.5
PMCPS 2 10 88.2
PMCPS 3 20 110.9
PMCPS 4 30 150.2
PMCPS5 40 175.1
PMCPS 6 50 198.2
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weight of substrate ows). The flaskswere stoppered
and placed in athermostatic water bath until there-
quired temperature was reached. Nitrogen gas was
purged through this sol ution to removethe dissol ved
oxygen. Thecross-linked pregelled starch (10g) and
(40mmoal/l) K_S,O; initiator werethen added and the
reaction mixturewas mixed thoroughly. Thetota vol-
ume was adjusted to be 75ml. The contents were
shaken occasionally during polymerization for 2hr at
60°C. After the desired reaction time, the flask con-
tentswere poured over 500ml of ethanol whereapre-
cipitate wasformed, which consisted of cross-linked
pregelled starch graft copolymer and the homopoly-
mer. The homopol ymer poly(methacrylic acid) wasre-
moved from the reaction mixture by washing the pre-
cipitatefivetimeswith 400 ml of water/ ethanol mix-
ture(30:70, v/v) for 15min. & roomtemperatureon mag-
netic stirrer, filtered and findly dried inan éectricoven
at 60°Cfor 2h. It wasfound experimentally that wash-
ingfivetimeswithamixtureof water/ethanol mixture(30/
70,v/v) isquite enough for completeremoval of ho-
mopolymer in physical mixture of pregelled starch/
poly(methacrylic), by estimating carboxyl content of the
mixtureafter eachwash until constant value.

Reaction conditions
Cross linked pregelled starch, 10g; K.S,O., 40

27278
mmol/L; material to liquor ratio, 1:7.5; Time, 2hr; and

temperature, 60°C
N.B.

PMCPS 1: Poly (MAA)-crosslinked pregelled starch graft co-
polymer with 50.5 meq COOH/100g starch; PMCPS 2: Poly
(MAA)-crosslinked pregelled starch graft copolymer with 88.2
meq COOH/100g starch; PMCPS 3: Poly(MAA)-cross linked
pregelled starch graft copolymer with 110.9 meq COOH/ 100 g
starch; PMCPS 4: Poly(MAA)-cross linked pregelled starch
graft copolymer with 150.2 meq COOH/100g starch; PMCPS5:
Poly (MAA)-crosslinked pregelled starch graft copolymer with
175.1 meq COOH/100g starch; PMCPS 6: Poly(MAA)-cross
linked pregelled starch graft copolymer with 198.2 meg COOH/

100g starch
Carboxyl contents

It wastraced according to areported method!*9.
Heavy metal ionsremoval

An agueous solution of copper ions(Cu 203 ppm)
was prepared by dissolving 0.89g cupric sulfate

==  Pyl] Peper

(CuSO,.5H,0) in1litter distilled weter. Poly (MAA)-
crosslinked pregelled starch graft copolymer (0.25-
4.0% wi/v) wasthen added to 100ml of copper solu-
tion, with continuous stirring at automatic shaker for
20min at room temperature (26°C+1.0) to form a com-
plex withthemetd ions. Thegrafted crosslinked starch-
heavy meta ionscomplex wasthenremoved by filtra-
tion on centered glassfunnel and thefiltrate was used
for theresdud meta andysi sby using Atomic absorp-
tion (Varian. A.A 200), Austria.

Under theabove optimum conditionin caseof Cu,
other heavy metal ionswere prepared to comparethe
efficiency of metal remova with respect tothe Cu as
shown below:

Pb(203ppm), Cd(194ppm) and Hg(208ppm) so-
lutionswere prepared by dissolving 0.199 lead acetate
Pb (CH,CO,),.3H.,0, 0.33 g mercuric acetate Hg
(CH,CQ,),, and 0.25 g cadmium sulfate CdSO, in(1
L) digtilled water.

Recovery of the prepar ed copolymer

Poly (MAA)-crosslinked garch graft copolymer (1)
at pH 8 used to remove copper ionswasredispersedin
digtilled water (40ml), and the dispersion was adjusted
to pH 2 by adding IN HNO, solution. After stirring for
10 min, thedisperson wasfiltered. Thestarchresidue
waswashed withwater and readjusted topH 8with 1N
NaOH and dried at 40°C overnight. Thedegreeof Cu
removal usingtherecovered starch wasmeasured and
compared withtheunrecovered one.

Dyes removal

0.5g of Poly (MAA)-crosslinked pregelled starch
graft copolymer and 100 ml of an agueous sol ution of
dye(100mg/L) were placed in 125 glass-stoppered
flaskswithout pH adjustment and autometically shaken
for 12h at room temperature(26°C +1°C). Theflasks
content werefiltered and the concentration of thedye
inthefiltratewas measured usingaShimadzu UV /vis-
ible Spectrophotometer at maximumwave ength of each
dye.

The sorption capacity was then cal cul ated and ex-
pressed in percentage uptake (Rin %), which repre-
sentstheration between the amount-adsorbed dyeand
thestartingamount dye.

R% =Amount of dyeadsor bed/ Total amount of dyex100
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starch; time, 20min; temperature, 26°C+1°C.

pH
Reaction conditions: PMCPS, 2g; initial Cu conc., 203ppm; total volume, 100ml; carboxyl content, 198.2meq COOH/100g

Figurel: Thereation between residual Cuion content and pH in the metal-copolymer complex solution
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Reaction conditions: PMCPS, 2g; initial Cu conc., 203ppm; total volume, 100ml; pH, 8; time, 20 min; temperature, 26°C+1°C
Figure 2: Effect of varying the extent of grafting (meq COOH/100 g starch) on theresidual Cu ion in the metal-

copolymer complex solution

Thebasic dyessafranine T(ST), methylene blue
(MB) and crystd violet(CV) (E. Merck) wereused for
dyeremoval onthe prepared copolymer.

RESULTSAND DISCUSSION

Effect of pH

Figure 1 representsthe effect of changing pH of
poly(MAA)-crosslinked pregelled starch graft copoly-
mer (expressed asmeg-COOH group/100g starch) on
the Curemoval fromitssolution at fixed carboxyl con-
tenti.e. 198.2 meq COOH /100g starch. Itisseenfig-
ure 1 that, for Curemoval, resdual meta ion concen-

trationinthefiltrate decreased when pH increased from
1to8. Thisindicatesthat themeta ionsinthesolution
interact morelikely with the carboxyl groupsof the co-
polymer at higher pH duoto thetransformation of car-
boxyl groupsfrom anacid format lower pH to sodium
satformat higher one.

For moredetail, at pH 8theresidua meta ion con-
tent decreasesfrom 203 ppm as astarting concentra-
tioninabsence of cross-linked starch copolymer to 55
ppmin presenceof it. Further more, theresidua meta
ion concentration decreases a so by decreasing the pH
from6to4to2andfinalyto 1 but with lesser extent.
The decrement intheresidua metal ion concentration
followstheorder: pH 8>pH 6>pH 4>pH 2>1.

Macromolecules « —
ﬂuVWMW



MMAIJ, 4(1) April 2008

Kh.M.Mostafa et al. 11

=

Residual Cu ions concentration
(ppm) in the filtrate

Treatment Time (min)

Reaction conditions: PMCPS, 2g; initial Cu conc., 203ppm;
total volume, 100ml; carboxyl content, 198.2meq COOH/
100g starch; pH, 8; temperature, 26°C+1°C

Figure3: Effect of treatment timeon theresidual Cuions
removal usng PM CPS

Residual Cu ions concentration
(ppm) in the filtrate

Starch copolymer dose (g)

Reaction conditions: Initial Cu conc., 203ppm; total volume,
100ml; carboxyl content, 198.2meq COOH/100g starch; time,
pH 8, 20 min; temperature, 26°C+1°C.

Figure4: Effect of dosage of PM CPSon theresidual Cu
ionsconcentration (ppm) removal from metal-copolymer

complex solution

152

Extent of grafting (meq COOH/100 g starch)

Residual metal ions concentration
(ppm) in the filtrate

[+—Cu =Pt cd Ha |

Reaction conditions: PMCPS, 2g; initial metal ion conc.,
about 203ppm; total volume, 100ml; pH, 8; time, 20min; tem-
perature, 26°C+1°C.

Figure5: Therdation between changingtheextent of gr aft-
ing (meq COOH/100g star ch) on theremoval of different
heavy metal ionsin questions
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When the starch pH was 6 or 4, theresidual Cu
content in thefiltrate decreased to 82ppmor 91 ppm
respectively. Whileat lower pH i.e. 2and 1 thestarch
wasno longer effectivein removing Cu from the solu-
tion (i.e. thestarch did not show Cu binding activityi.e.
not amenable.

Effect of extent of grafting on metal removal

Figure 2 declaresthe effect of changing the extent
of grafting or graft yield of poly (MAA)-crosslinked
pregelled starch graft copol ymer(expressed as meg-
COOH group/100 g starch) on the Curemoval from
itssolution at pH 8. It isseen figure 2 that, for Cure-
moval, residua metal ion concentration inthesolution
decreased when carboxyl contentsof poly(MAA)-cross
linked grafted starch copolymer increased. So, by in-
creasing the carboxyl contents of the copolymer from
50.2t0198.2 meg-COOH /100g starchwould lead to
adecreaseinresidua meta ion concentration from 203
to 55 asshown before at pH 8. Thisindicatesthat the
meta ionsinthesolutioninteract morelikey with higher
extent with the carboxyl groupsof poly (MAA)-cross
linked starch graft copolymer, which reflect therole of
extent or degree of grafting on the heavy metal ions
binding activity or remova. Thelatter wasnot reported
for our knowledgeintheliteratureuntil now.

Effect of treatment timeon themetal removal

Figure 3 showstheeffect of trestment timeonthe
removd of Cuionswith poly (MAA)-cross-linked starch
graft copolymer at optimum conditions observed be-
fore.

Itisseenfigure 3 that, the Curemoval wascom-
pleted within the first 20min. induction period, which
indicate that the copper ionsrapidly form chelatesor
interaction with the carboxyl groupsof the crosslinked
pregelled starch graft copolymer. Thisrapidinteraction
will bebeneficid for practical gpplication, i.e. thelatter
copolymer could beused asafilteringresinfor ashort
period of treatment of wastewater duringfiltration.

Effect of PM CPS dose used

When the dose of poly(MAA)-cross-linked
pregelled starch graft copol ymer added to the copper
solution(203ppm Cu) wasincreased from 0.25t0 3.0%
w/v, theresidual Cu content in thefiltrate decreased
gradually(Figure 4). At 198.2 meg-COOH/100 g

—r—,  \lBCromolecules
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gtarch, the copper ionsinthe solution werea most com-
pletely removed with 2.0 % starch addition based on
solution volume, and then leveled off after that. This
correspondsto anincreasein copolymersactivesites
aswdll assaturation occurred at 2.0%(W/V) a which
further increasein starch dosage had little or no effect
onmeta removal. A point should be useful for estab-
lishing theoptimum economica doseof PMCPSinmetd
removdl.

Removal of other heavy metal ions

Six levelsof poly(MAA)-cross-linked pregelled
starch graft copolymers their graft yields ranged
from(50.2-198.2meq COOH/100g starch) were used
for removing different heavy meta ionsfromtheir solu-
tionsat asmilar concentration (about 200 ppm). The
different heavy metal ions used were Pb*?, Cd*? and
Hg*.Theobtained resultsare set out infigure5. Detals
of theconditionsused are set out el sewhere.

Itisseenfrom figure5that, theresidua amount of
heavy metal ionsremoved isgoverned by the % car-
boxyl content(Graft yield) aswell asthenature of meta
ionused. So, whenthecarboxyl contentsincreased from
50.2-198.2 the residual removal of heavy metal in-
creased irrespective of the nature of metal ion used. It
isalso seen that, the synthesized poly (MAA)-cross
linked pregelled starch graft copolymersismore effec-
tiveinremoving Hg™ than dl other meta ionsin ques-
tionandfollow theorder:

H g+2> Cd+2> Pb+2

Thisisin accordancewith theresults published by
Khalil et al.?% for the stability of variousligandswith
nitrogen or oxygen as coordinating atomsfor divalent
trangition metal ions. In additionto relativeatomic size
andresctivity.

Recovery of starch

Figure 6 showsthe comparison of original (unre-
covered) starch and recovered onefor poly (MAA)-
cross linked starch graft copolymer under the same
condition shown beforeintheexperimenta part on cop-
per removdl. Itisseenfromthefigurethat, theremoval
efficiency of therecovered starch appearsdlightly less
than that of fresh starch. In case of Cu removal, the
recovered starch of 198.2 meq COOH /100g starch
(pH8) reduced the copper ion content to 69ppm in

Residual Cu ions concentration
(ppm) in the filtrate

Extent of grafting (meq COOH/100 g starch)

|+Dri; nal (unrecowered starch) —8— Recovered starch) |

Reaction conditions: PMCPS, 2g; initial Cu conc., 203ppm;
total volume, 100ml; pH, 8; time, 20 min; temperature,
26°C+1°C.

Figure6: Thedifference between original unrecovered
starch and recover ed oneof PM CPStowardsCuionsre-

moval from themetal-copolymer complex solution

Sor ption capacity (R%)

Extent of grafting (meqg COOH/100 g starch)

Reaction conditions: PMCPS, 0.5g; Dye conc., 100mg/L; to-
tal volume, 100ml; time, 12hr; temperature, 26°C+1°C

Figure7: Relation between extent of grafting (meg COOH/
100g gtar ch) and sor ption capacity of dyeadsorbed (R %)
on PMCPS

comparison to 55 ppm unrecovered starch.
Dyes removal

The sorption capacity(dye uptake R%) wasinves-
tigated using threetypes of basic dyesnamely Methyl-
eneBlug(MB), SafranineT(ST) and Crystd Violet(CV).
Themeasurement of each dye must beat themaximum
wave length of each dyewhich wasasfollows: 667,
520 and 590 nm respectively. Thiswasdone under the
optimized experimenta conditionsasshownintheex-
perimentd part.

Ontheother hand, to evaluatetheinfluence of the
carboxylic groups COOH on the capacity of dyere-
mova of the prepared copolymers, different testswere
carried out using the six copolymers (PMCPS 1 to

Macromolecules « —
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PM CPS 6) having different carboxyl groupsin addi-
tion to blank experiment with the polymer with zero
carboxyl groupsjust for comparison. It seenfromfig-
ures7 that, at any graft yield, the capacity of dyesre-
moval followstheorder: Methylene Blue (MB)> Saf-
ranineT(ST)>Crystd Violet (CV)

Whileby increasing thegraft yields of the prepared
copolymers, theamount of dyeadsorbed for al dyesin
guestionsincreases. Or in other word, the basic dyes
display the best interaction or sorption capacity with
the copolymersin question containing higher carboxy-
lic groups (i.e. interaction between carboxylic groups
on the polymer and basic groupsin the basic dyes).
Thiswasconfirmed by thehigher sorption capacities of
the prepared copolymersthat reach amaximum at 70.2
in case of MethyleneBlue(MB), 63.8 for Safranine T
(ST) and 50.2 for crystal violet (CV) at higher car-
boxyl contentsi.e. 198.2 meq COOH/10 g starch.
Moreover, Basicity, molecular sizeand stereochemis-
try of thedyes appeared toinfluencetheamount of dye
adsorbed on PMCPS.

CONCLUSION

By crosslinking followed by graftingwithMAA,
pregelled starch could becomean activeand rel atively
insoluble metal scavenger for heavy toxic divaent cat-
ionssuch asCu, Pb, Cd and Hgionscontaminatedin
water aswell asefficient basic dyesremoval. At low
carboxyl content 50.2 of the copolymer, vd uableamount
of thesemetal ions(ppm) could beeffectively removed
from water by dispersing 2.0%(W/V) of the copoly-
mer for(20min.) at pH 8 and subsequent filtering the
starch-metal complex. The starch could be regener-
ated by awesk acidic washing. For effective meta re-
moval, the metal solution should not to be acidic. By
rasingthelevelsof grafting, metal scavenging activity
of the copolymer could beincreased up to the level
required for industria application. On the other hand,
thelatter prepared copolymers could be used also to
remove basi c dyesfrom their agueous solutionsand
followstheorder: Methylene Blue (MB)>Safranine
T(ST)>Crystd Violet(CV).
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