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ABSTRACT KEYWORDS
Pregelled starch (PS) wasfirst cross linked with epichlorohydrin (ECH) to Pregelled starch;
obtaininsoluble cross-linked pregelled starch (CPS). Thelatter wasgraft co- Epichlorohydrin;
polymerized with different amounts of dimethylaminoethyl methacrylate Cross-linking;
(DMAEM) using potassium permanganate / sulphuric acid redox system. Dimethylaminoethyl
Thiswasdoneto obtain six levelsof poly (DMAEM)-crosslinked pregelled methacrylate;
starch graft copolymers (PDMAEMCPS) having different graft yields (ex- Grafted starch;
pressed as N %) with increasing order and designated as (PDMAEMCPS 1 Heavy metal ionsremoval;
to PDMAEMCPS®6). Thelatter copolymerswere dispersed in aqueous solu- Acid dyes.

tion of heavy metal ionsCu (1) ionsand filtered to form polymer —metal ions
complex. Different factors affecting the heavy metal ions removal such as
pH, extent 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
graftingof PDMAEMCPSi.e. from PDMAEMCPS 1 to PDMAEMCPS6; (b)
increasing the pH of the metal ions solution complex from 1 to 8; (c) increas-
ing the starch dosage from 0.25 to 2.0 % (W/V), 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. Furthermore, the prepared copolymer could
be recovered by washing the metal ionsfrom the complex withweak acid 1 N
HNO, (pH 2) and the metal-binding activity of the starch was slightly re-
duced by thisprocess. Finaly, theability of PDMAEMCPSto removethree
types of acid dyes from their solutions was also reported.
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INTRODUCTION

Itiswell knownthat, heavy meta ionsand organic
compoundsaswell asdyesremain aseriousenviron-
mentd problemfacingtheworld for water pollution, as
aresult of their numerousindustrial applications. Inad-
dition many of them areknownto betoxic or carcino-
genicevenat low concentration, not biodegradableand
tendtoaccumulateinliving organismscausingaserious
diseasesand disordersY. Therefore, their presencein
water should becontrolled. Different methodssuch as
preci pitation, ion-exchange, reverse osmosis, solvent
extraction, electro dialysistechniques??, biological
treatments“*®, membrane process®”, advanced oxida-
tion process’®, chemical and electrochemical tech-
niques® and adsorption procedure’®*3 have been de-
veloped for theremoval and recovery of metd ionsand
organic compoundsfrom sewage and industrial waste-
water. Amongst a| the techniques proposed, adsorp-
tion-using sorbentsis one of the most fascinating and
popular methodsfor high quality treated effluents. Re-
cently, agreat attention and faster publicationsrateon
deve oping cheaper and effective adsorbents contain-
ing natura polymersto overcome the non-biodegrad-
TABLE 1: Preparation of poly (DM AEM )-crosslinked pregeled
starch graft copolymer having different graft yields(expr essed
asnitrogen %) aswell astheir main characteristics

Dimethylaminoethyl _ Nitrogen Appar(_ent

Starch type  methacrylate concentration % Viscosity

(based on wt. of substrate) (m.pa.s)
Blank 0 0.005 235
PDMAEMCPS1 0.45 239
PDMAEMCPS 2 10 101 246
PDMAEMCPS 3 20 1.35 253
PDMAEMCPS 4 30 1.72 260
PDMAEMCPS 5 40 2.10 267
PDMAEMCPS 6 50 245 273

Reaction conditions: Cross linked pregelled starch, 10 g;
[KMnNO, ], 20 mmol / L; [sulphuric acid], 50 mmal; /I, material to
liquor ratio, 1:7.5; Time, 2 hr; and temperature, 45°C. N.B.,
Blank: Cross linked Pregelled starch prior to grafting,
PDMAEM CPS1: Poly (DM AEM)-crosslinked pregelled starch
graft copolymer with 0.45N %, PDMAEM CPS2: Poly (DM AEM)-
cross linked pregelled starch graft copolymer with 1.01 N %,
PDMAEM CPS 3: Poly (DM AEM)-crosslinked pregelled starch
graft copolymer 1.35 N %, PDMAEMCPS 4: Poly (DMAEM)-
cross linked pregelled starch graft copolymer with 1.72 N %,
PDMAEM CPS5: Poly (DM AEM)-crosslinked pregelled starch
graft copolymer with 2.1 N %, PDM AEM CPS6: Paly (DMAEM)-
cross linked pregelled starch graft copolymer with 2.45 N %
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ability and high cost of the adsorbent resinswerere-
ported. Among these, polysaccharides, such aschitin
and chitosan*¥, cyclodextrin*™ aswell as starch de-
rivatives'&18 deserve particular attention with respect
to their ability to remove heavy metal ionsand dyes
from aqueous solutiong%2%,

In the present work, our research team attempt to
exploretheadsorption behavior onthenewly prepared
poly (DMAEM)-crosslinked pregelled starch graft co-
polymer (PDMAEMCPS) having different graft yields
expressed as nitrogen (%) (apoint that has not been
reported). Thelatter were prepared by grafting differ-
ent amount of dimethylaminoethyl methacrylate onto
crosslinked pregdled starch using potassium perman-
ganate/sul phuric acid redox system toward Cu?, Pb?*,
Cd?*, and Hg?* ionsremova fromtheir solutions. For
this purpose, variousfactors affecting the adsorption,
such aspH, treatment time, extent of grafting, starch
doseand recovery of starcchwerestudied indetall. In
addition, theability of PDMAEM CPStoremoveacid
dyesfrom their solutionswas also reported.

MATERIALAND METHODS

Materials

Pregdlled garchwaskindly supplied by Caro Com-
pany for Starch and Glucose, Cairo, Egypt.
Dimethylaminoethyl methacrylatestabilized with 0.01%
hydroquinonewasfreshly distilled at 75°C and pres-
sureof 100 mmHg. It wasstored at —10°C until used.
Epichlorohydrin, sodium chloride, potassium perman-
ganate, sulphuric, hydrochloricand nitric acids, sodium
hydroxide, CuSO,.5H,0, Pb(CH,CO,),.3H,0,
Hg(CH,CQ,),, and CdSO, werereagent grade chemi-
cas

Prepar ation of cross-linked pregelled starch

100 g pregdled starchwasdurredin 150 ml water
containing 1.5 g sodium chlorideand 8 ml epichlorohy-
drin. Tothisdurry, 6 g sodium hydroxidein 40 ml wa:
ter was added slowly over 30 min. The mixturewas
stirred for 16 h at room temperature. The slurry now
containing crosslinked pregelled starch, was adjusted
to pH 6.5 with 2% HCI. The product waswashed with
water, filtered, and then washed with water and ethanol
andfindly air-dried.
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Prepar ation of poly (dimethylaminoethyl methacry-
late)-cross linked pregelled starch graft copoly-
mer havingdifferent graft yields

Sixlevesof poly (DMAEM)-crosslinked pregelled
starch graft copolymerswith different graft yields (ex-
pressed as N %), used as adsorbentsfor (Cu?*, Pb?*,
Cd?* and Hg?") ionsin this study, were synthesized by
keeping dl the grafting reaction conditionsconstant and
varying only themonomer concentration. Detailsof the
conditions used as well as characterization of
PDMAEMCPSaregiveninTABLE 1.

Unlessother wiseindicated, thegraft polymeriza-
tion reactionwascarried out in 100 ml stoppered flasks
contai ning an agueous sol ution of monomer (5, 10, 20,
30, 40 and 50 % based on weight of substrate ows).
The flasks were stoppered and placed in a thermo-
static water bath until the required temperature was
reached. Nitrogen gaswas purged through thissolution
to remove the dissolved oxygen. The cross-linked
pregelled starch (10 g), (20 mmol /1) KMnO, and 50
mmol/I sul phuric acid werethen added and thereaction
mixture wasmixed thoroughly. Thetota volumewas
adjusted to be 75 ml. The contentswere shaken occa-
sondly during polymerizationfor 2 h at 45°C. After the
desired reactiontime, theflask contentswere poured
over 500 ml of ethanol where aprecipitate wasformed,
which consisted of cross-linked pregelled starch graft
copolymer and the homopolymer. The homopolymer
poly (dimethylaminoethyl methacrylate) wasremoved
from the reaction mixture by washing the precipitate
fivetimeswith400 ml of water / ethanol mixture (30:70,
v/v) for 15 min. at room temperature on magnetic stir-
rex, filtered and finally dried inan éectricoven at 60°C
for 2h. It wasfound experimentally that washing five
timeswith amixture of water/ethanol mixture (30/ 70,
v/ v)isquiteenoughfor completeremova of homopoly-
mer in physical mixture of pregelled starch / poly
(Dimethylaminoethyl methacrylate), by estimating nitro-
gen%of themixtureafter eschwash until constant value.

Deter mination of nitrogen

It was estimated by a well known kejeldhal
method!.

Proof of grafting
Thiswas doneviameasuring the nitrogen % of the
Macromolecules « m——

grafted samplesthreetimesfor each sample, aswell as
their standard deviation. On other word, both the ni-
trogen % and standard deviation weretaken asan evi-
denceor confirmationof grafting of dimethylaminoethyl
methacrylate onto cross-linked pregelled starch that is
freefrom nitrogen groupsasastarting substrate.

Heavy metal ionsremoval

An agueous solution of copper ions(Cu 203 ppm)
was prepared by dissolving cupric sulfate (CuSO,.
5H,0, 0.8 g) indidtilled water 1liter. Poly (DMAEM)-
crosslinked pregelled starch graft copolymer (0.25-
3.0 %) was then added to the copper solution (100
ml), and the dispersion was stirred for 20 min at room
temperature (26°C +0.5) to form a complex with the
metal ions. Thegrafted crosslinked starch- heavy metd
ions complex wasthen removed by filtration and the
filtratewasused for theresdua metd andyss. Onthe
other hand, to eva uatetheremoval effect of other meta
ions, Pb (203 ppm), Cd (194 ppm) and Hg (208 ppm)
solutionswere prepared by dissolving |ead acetate (Pb
(CH.CO,),.3H.0, 0.374 g), mercuric acetate (Hg
(CH,CO,),, 0.33 g) and cadmium sulfate (CdSO,
0.359¢g) indigtilled water (1 L) respectively.

After themetd solutionwastreated withthe grafted
cross-linked starch, residual meta ion contentinthe
filtrate was measured by acol orimetric method using
AtomicAbsorption Spectrophotometer.

Recovery of the prepared copolymer

Poly (DMAEM)-crosslinked starch graft copoly-
mer (1 g) at pH 8 used to remove copper ions was
redispersed in distilled water (40 ml), and the disper-
sionwas adjusted to pH 2 by adding 1 N HNO, solu-
tion. After stirring for 10 min, the dispersion wasfil-
tered. The starch residue was washed with water and
readjusted to pH 8 with 1N NaOH and dried at 40°C
overnight. Thedegree of Curemova usingtherecov-
ered starch was measured and compared with theun-
recovered one.

Dyes removal

0.5 g of Poly (DMAEM)-crosslinked pregelled
starch graft copolymer and 100 ml of an agueous solu-
tion of dye (100 mg/L) wereplaced in 125 glass-stop-
pered flaskswithout pH adjustment and automatically
shaken for 12 h at room temperature (26°C + 1°C).

Au Tudian Yourual



MMAIJ, 7(1) 2011

Kh.M.Mostafa et al. 19

Theflaskscontent werefiltered and the concentration
of thedyeinthefiltratewasmeasured using aShimadzu
UV Nisg ble Spectrophotometer at maximumwavel ength
of each dye. The sorption capacity wasthen ca culated
and expressed in percentage uptake (Rin %), which
representstheratio between the amount-adsorbed dye
and thestarting amount dye.

Amount of dyeadsorbed
Total amount of dye
TheAcidOrange12 (AO12),Acidred 14 (AR14)
andAcid Orange 7 (AO7) dyes (Aldrich) were used
for dyeremoval onthe prepared copolymer.

R% = x100

RESULTSAND DISCUSSION

Effect of pH

Figure 1 representsthe effect of changing pH of
poly (DMAEM)-crosslinked pregelled starch graft co-
polymer (expressed asN %) on the Cu removal from
itssolutionat fixed nitrogen %i.e. 2.45. Itisseenfigure
1 that, residual Cuion concentrationinthefiltrate de-
creased when pH increased from 1to 8. Thisisin ac-
cordancewith theresultspublished by Xu et d.22, Gue
et a2 Kweon et a.? and Zhang et a [,

Dueto the protonation and deprotonation of the
tertiary amine groups on the surface of cross linked
pregelled starch graft copolymer, its adsorption behav-
ior for meta ionsisinfluenced by thepH vauesasshown
infigure 1. The examined test werelimited to the pH
rangefrom 1-8 because of theknown precipitate of Cu
(OH) ,inakainemedium.

For moredetail, a pH 8 theresidual metal ion con-
tent decreasesfrom 203 ppm asastarting concentra-
tionin absence of cross-linked starch copolymer to 65
ppmin presenceof it. Further more, theresidua metal
ion concentration increases by decreasing thepH from
6to4to2andfinalyto 1 but with lesser extent. The
decrement intheresidual metal ion concentration fol-
lowstheorder: pH 8>pH 6>pH 4>pH 2> 1.

When the starch pH was 6 or 4, the residual Cu
content inthefiltrate decreased to 92 ppmor 101 ppm
respectively. Whileat lower pH i.e. 2 and 1 thestarch
washo longer effectivein removing Cu from the solu-
tion (i.e. thestarch did not show Cu binding activityi.e.
not amenable. Thiscan beexplained by thefact that at
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lower pH value most of tertiary amine groupsin the
copolymer are protonated. Then cationic repulsion can
occur between metd ion speciesand protonated grafted
chans. Theoppositeholdtrueat higher pH values(6to
8). Ontheother word, most of tertiary aminegroupsin
the copolymer areless protonated which lead to strong
compl exation between the copolymer and metd ionin
question(?,

Effect of extent of grafting on metal removal

Figure 2 declaresthe effect of changing the extent
of grafting (expressed as N %) of poly (DMAEM)-
cross linked pregelled starch graft copolymer (ex-
pressed asN %) onthe Curemoval fromitssolution at
pH 8. Itisseenfigure 2 that, for Curemoval, residual
metal ion concentrationin thesolution decreased when
nitrogen % of poly (DMAEM)-cross linked grafted
starch copolymer increased. So, by increasing theni-
trogen % of the copolymer from 0.45 to 2.45 would
lead to adecreasein residual metal ion concentration
from 203to 65 asshown beforeat pH 8. Thisindicates
that the metal ionsin the solution interact morelikely
with higher extent with thetertiary aminated groups
groupsof poly (DMAEM)-crosslinked starch graft co-
polymer, which reflect therole of extent or degree of
grafting onthe heavy metd ionsbinding activity or re-
moval. Thelatter wasnot reported for our knowledge
intheliterature until now.

Effect of treatment timeon themetal removal

Figure 3 showstheeffect of trestment timeonthe
removal of Cuionswith poly (MAA) - cross-linked
sarch graft copolymer at optimum conditionsobserved
before.

Itisseenfigure 3 that, the Curemoval was com-
pleted withinthefirst 20 min. induction period, which
indicate that the copper ionsrapidly form chelatesor
interaction with thetertiary amine groupsof thecross
linked pregelled starch graft copolymer. Thisrapidin-
teractionwill bebeneficia for practica application, i.e.
thelatter copolymer could be used asafilteringresin
for ashort period of treatment of wastewater during
filtration.

Effect of PDMAEM CPS Dose used

When the dose of poly (DMAEM) - cross-linked
pregelled starch graft copol ymer added to the copper

——, @ Cromolecules
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Figurel: Thereation betweenresidual Cuion content and
pH inthemetal-copolymer complex solution. Reaction condi-
tion: PDMAEM CPS, 2 g; initial Cu conc., 203 ppm,; total vol-
ume, 100ml; N %, 2.45; time, 20 min; temper atur e, 26°C+1°C
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Figure3: Effect of treatment timeon theresidual Cuions
removal using PDMAEM CPS. Reaction conditions:
PDMAEMCPS, 2g; initial Cu conc., 203 ppm; total volume,
100ml; N %, 2.45; pH, 8; temperature, 26°C+1°C

solution (203 ppm Cu) wasincreased from0.25t0 3.0
% w/v, theresidua Cu content inthefiltrate decreased
gradually (Figure4). At 2.45 nitrogen %, the copper
ionsinthe solution were almost compl etely removed
with 2.0 % starch addition based on sol ution volume,
and then leveled off after that. Thiscorrespondsto an
increasein copolymersactivestesaswell assaturation
occurred at 2.0 % (W/V) at which further increasein
starch dosage had little or no effect on meta removal.
A point should beuseful for establishing the optimum
economica doseof PDMAEMCPSinmetal removal.

Removal of other heavy metal ions

Six levels of poly (DMAEM) - cross-linked
pregelled starch graft copolymers their graft yields
ranged from (0.45-2.45 nitrogen %) wereused for re-
moving different heavy meta ionsfromtheir solutions
at asmilar concentration (about 200 ppm). Thediffer-
ent heavy metd ionsused were Pb*?, Cd?and Hg2. The
obtained resultsare set out in Figure 5. Details of the
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Figure2: Effect of varying theextent of grafting (expr essed
asN %) on theresidual Cuion in themetal- copolymer com-
plex solution. Reaction conditions: PDMAEM CPS, 2¢; ini-
tial Cu conc., 203 ppm; total volume, 100 ml; pH, 8; time, 20
min; temperature, 26°C+1°C
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Figure4 : Effect of dosage of PDM AEM CPSon theresidual
Cuionsconcentration (ppm) removal from metal-copolymer
complex solution. Reaction conditions: Initial Cu conc., 203
ppm; total volume, 100 ml; N %, 2.45; time, pH 8, 20 min;
temperature, 26°C+1°C

conditionsused are set out el sewhere.

Itisseenfromfigure5that, theresidua amount of
heavy metal ionsremoved isgoverned by the % nitro-
gen (Graft yidd) aswell asthenature of meta ion used.
So, when the nitrogen % increased from 0.45-2.45 the
resdua removal of heavy metal increased irrespective
of thenature of metal ionused. Itisalso seenthat, the
synthesized poly (DMAEM) - crosslinked pregelled
garch graft copolymersaremore effectivein removing
Hg*"thandl other meta ionsin questionand follow the
order: Hg™?> Cd*>> Ppb*?

Thiscanbeexplained intermsof, thedifferences
between the metd ionsin questionswith respect to; (a)
relativeatomic size; (b) ability for meta iontointeract
with the polymer; (c) metal ion chargedensity and (d)
reactivity of themetal ion . Inaddition, Khalil et a.["
said that, Hg?* acquires the highest sorption value
amongst thevariablestudied metd ionsusedi.e. Cu?,
Zn*, Co*", Cd?*, Pb?".; hence, Hg?* will be used in

Macromolecules
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Figure5: Thereation between changingtheextent of graft-
ing (expressed asN %) on the removal of different heavy
metal ionsin questions. Reaction conditions. PDM AEM CPS,
2g; initial metal ion conc., about 202 ppm; total volume, 100
ml; pH, 8; time, 20 min; temper ature, 26°C+1°C
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Figure6: Thedifferencebetween original unrecovered sarch
and recover ed oneof PDM AEM CPStowar dsCuionsremoval
from themetal-copolymer complex solution. Reaction condi-
tions: PDMAEM CPS, 2 g; initial Cu conc., 203 ppm; total
volume, 100 ml; pH, 8; time, 20 min; temper atur e, 26°C+1°C

Figure7: Relation between extent of grafting (expressed as
N %) and sorption capacity of dye adsorbed (R %) on
PDM AEM CPS. Reaction conditions: PDMAEM CPS, 0.5g;
Dyeconc., 100 mg/L ; total volume, 100 ml; time, 12 hr; tem-
perature, 26°C+1°C

comparing the sorption behavior of different legends.
Furthermore, thisisin accordancewith theresultsalso

published by Khalil et a. for the stability of various
legendswith nitrogen or oxygen ascoordinating atoms

—= Py Paper
for divdent transition metd ions.
Recovery of starch

Figure 6 showsthe comparison of original (unre-
covered) starch and recovered one for poly
(DMAEM)-crosslinked starch graft copolymer under
the same condition shown beforein the experimental
part on copper removal. It isseen fromthefigurethat,
theremova efficiency of therecovered starch appears
dightly lessthan that of fresh starch. In case of Cure-
moval, therecovered starch of 2.45 nitrogen % (pH3)
reduced the copper ion content to 79 ppm in compari-
sonto 65 ppm unrecovered starch.

Dyes removal

The sorption capacity (dye uptake R %) wasin-
vestigated using threetypes of acid dyesnamely Acid
Orange 12 (AO12), Acid Red 14 (AR14) and Acid
Orange 7 (AO7) .The measurement of each dye must
be at themaximumwavelength of each dyewhichwas
asfollows: 484, 514 and 484 nmrespectively. Thiswas
done under the optimized experimenta conditionsas
shownintheexperimenta part.

Ontheother hand, to evaluatetheinfluence of the
tertiary amine groups on the sorption capacity of an-
ionic dyeremoval of the prepared copolymers, differ-
ent tests were carried out using the six copolymers
(PDMAEMCPS 1 to PDMAEMCPS 6) having dif-
ferent tertiary aminegroupsin addition to blank experi-
ment with the polymer with zero nitrogen groupsjust
for comparison. It seenfromfigure7 that, at any graft
yield, the capacity of dyesremoval followstheorder:
Acid Orange 7 (AO7) >Acid Orange 12 (AO 12) >
Acid Red 14 (AR 14).

Furthermore, theamount of dye adsorbed for all
dyesinquestionsincreasesby increasing theextent graft
yields of the prepared copolymers. In other word, the
acid dyesdisplay the best interaction or sorption ca
pacity with thecopolymersin question containing higher
tertiary aminegroups(i.e. interaction between tertiary
amine groups on the polymer and acid groupsin the
basi c dyes). Thiswas confirmed by the higher sorption
capacities of the prepared copolymers that reach a
maximum at 90.3in caseof acid Orange 7 (AQ7), 83.8
for Acid Orange 12 (AO 12) and 70.2 for Acid Red
14 (AR 14) at higher nitrogen %i.e. 2.452. Moreove,
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acidity, molecular szeand stereochemistry of the dyes
appeared to influence the amount of dye adsorbed on
PDMAEMCPS.

CONCLUSION

By crosslinkingfollowed by graftingwithDMAEM,
pregelled starch could becomean activeand rel atively
insoluble metal scavenger for heavy toxic divaent cat-
ionssuch asCu, Pb, Cd and Hgionscontaminatedin
water aswell asefficient acid dyesremoval. At low
nitrogen % 0.45 of the copolymer, val uableamount of
these metd ions (ppm) could be effectively removed
fromwater by dispersing 2.0 % (W/V) of the copoly-
mer for (20 min.) 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 meta solution should not to be acidic. By
rasingthelevelsof grafting, metal scavenging activity
of the copolymer could be increased up to the level
required for industria application. On the other hand,
thelatter prepared copolymers could be used also to
removeacid dyesfrom their aqueoussolutionsand fol-
lowstheorder: Acid Orange 7 (AO7) >Acid Orange
12 (AO 12) >Acid Red 14 (AR 14).
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