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ABSTRACT

Native cassava starch poly(sodium acrylate—co-acrylamide) hydrogel was
synthesized in aqueous solution by physical mixture. Saponification of the
mixture was done by reaction with sodium hydroxide. The reaction was
confirmed using infrared spectrophotometer and scanning electron

KEYWORDS

Polymer gels;
Hydrogel;
Heavy metals;
Sorption.

microscope. The hydrogel was used as sorbent for the uptake of selected
heavy metal s from the aqueous media. The sorption capacity was evaluated
by measuring the extent of sorption of chromium, copper, and lead metals
ions, under equilibrium conditions, and verified using the Freundlich
isotherm model. The equilibrium datayielded thefollowing ultimate capacity
values for the hydrogel: 76.6% Pb, 72.0% Cu and 2.8% Cr. Hydrolysis
increases the sorption affinity of hydrogel toward metal ions.
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INTRODUCTION

Many environmental studieshaverevealed wide-
spread contamination of water by different chemicals
used inthechemicd industry during manufacturing pro-
cessll. These chemicalsinclude organic compounds,
heavy metd sand other pigmentslikedyesin thetextile
industry. At least 20 metalsare classified astoxic and
half of theseareemitted into theenvironment in quanti-
tiesthat poserisksto human health?. Someof these
constitutethemgjor source of contaminantsin portable
water supply to humansand livestock. These chemi-
casfindtheir way into ground water, which cause pol-
Iution and couldimpair plant growth and result to agreet
risk to human health and the environment!?3., Efficient

remova of thesepollutantsfrom theenvironmentisstill
aproblem.

A widerange of physica and chemical processes
areavailablefor the uptake of heavy metalsand organ-
icsfrom aqueous media, such aselectro-chemical pre-
cipitation, ultrafiltration, ion exchangeand reverse os-
mosis*+9. A draw back with precipitationissludge pro-
duction. lon exchangeisconsidered abetter dternative
techniquefor such apurpose. However, itisnot eco-
nomically attrative because of high operational cost.
Sorption using commercial activated carbon (CAC)
from petroleum based materials can remove heavy
metal sand organi csfrom agueousmedia, such asCd™;
Ni®; Crl®; Cul®, However, CAC remains an expen-
svematerid for heavy meta uptakeand organics, which
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has caused interest to be shifted to the use of other low
cost and readily available agricultural productsas pre-
cursor for the preparation of value added products.

Since polysaccharides are abundant from renew-
ableinexpengve, safe (non-toxic) and amenableto both
chemica and biochemical modifications. It isnot sur-
prising that they find widespread and extensive use.
Hydrogd by physicad mixtureisauniquemethod among
thetechniquesfor modifying natural polymersmostly
polysaccharides. Polysaccharides hydrogel have been
prepared in order to add new propertiesto the natural
polymer withaminimum lossof native properties™¥.

Inview of thegrowinginterest and research activ-
ity intheuse of renewableagriculturally derived prod-
uctsasextenders and replacement for synthetic petro-
leum-based polymers, incorporation of other monomers/
polymersinto polysaccharideswill not only reduce our
dependenceon petrochemica derivatives, but dso pro-
videsimproved materid swhichwill biodegraderapidly
intheenvironment.

The present communication isan attempt to evalu-
atetheequilibrium sorption propertiesof Nigeriagrown
native cassava starch-poly(sodium acrylate —co-
acrylamide) hydrogel . The combination of the useful
propertiesof polyacrylonitrileand that of natura cas-
sava starch, could introduce a modified biosorbent
matrix with many applications and superior sorption

capabilities.
MATERIALSAND METHODS

Materials

Cassava starch was sourced from alocal cassava
starch processing factory in Benin City, Nigeria. Poly-
acrylonitrile (PAN) was synthesi zed through amethod
mentionedintheliteraturé®?. Doubledistilled water was
used for the hydrogel preparation and swelling mea-
surements. Chemicasused wereof andyticad gradeand
were supplied by the British DrugHouse (B.D.H), En-
gland.

Hydroge preparation

The procedurefor akaline hydrolysis of starch-
PAN mixturewas conducted asfollows. Starch solu-
tionwaspreparedin al1-l reactor equipped with me-
chanical stirrer and gasinlet. Inatypical reaction: 1g
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Starchwasdissolved in 30.0 ml of distillated degassed
water containing 1wt.% of acetic acid solution. After
completedissol ution of starch, 1.0 weight percent of
sodium hydroxide wasadded to the solution at 90 °C.
Themixturewasallowed to stir for 1220 min. The 1.5g
polyacrylonitrilewas dispersedin thereaction mixture
to saponify for 3hat 95°C. During the saponification,
NH, gaswasevolved and acolor changefromredto
light yellow. Thisdiscol orationwasanindication of the
reaction completion. The pasty mixturewasalowed to
cool to room temperature and neutraized to pH 8.0 by
addition of 10wt % agueousacetic acid solution. Then,
the gelled product was scissored to small piecesand
pouredin 200ml ethanol to dewater for 5h. The hard-
ened particleswerefilteredand dried in ovenat 50°C,
for 10 h. After grinding, the powdered superabsorbent
hydrogd wasstored away from moisture, heat and light.
Hydrogel formation was confirmed on aNicolet im-
pact 410 FTIR spectrophotometer using aK Br pellet
and thehydrogel surface morphol ogy was examined
usi ng scanning el ectron microscope (SEM).

Swelling measur ementsusing teabag method

Theteabag containing an accurately weighed pow-
dered sample (0.5+ 0.001 g) with average particle
sizesof 350um mesh was immersed entirely in 200ml
distilled water and allowed to soak for 3 h at room
temperature. Theteabag washungup for 15minin
order to removethe excessfluid. TheWater retention
vaue (WRV) was measured twice using thefollowing
equation:

(Wz - Wl)

W, D)
Where, W, and W, aretheweights of water swollen
hydrogel and dry hydrogd in grams, respectively
Equilibrium uptakeof Heavy metal ionsfrom aque-
ousmedia

Water retention value (g/g) =

Batch equilibrium experimentswere carried out
using the hydrogel asthe sorbents. Sorption of metal
ionsconcentrationsweredetermined by usngtheperkin
Elmer bulk scientific (Analyst 200) AtomicAbsorption
Spectrophotometer (AAS). Sorption was carried out
by stirring 0.5g of hydrogd for 30minsin 100ml aque-
ousmediacontaining varying concentrations of ions of
(Lead, Copper, and Chromium) respectivel yi**29],
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Lead Nitrate (PbNO,),, Copper Sulphate
(CuS0,), Potassium Dichromate (K,,Cr,O,) wereused
asthe sourceof Lead (I1), Copper (I1), and Chromium
(V1) ionsfor the agueous media. The Pb, Cu, and Cr
stock solutionswere prepared by dissolving 80mg of
Pb(NO,),, 124mg of CuSO,, and 131mgof K.Cr,O,
in 1000ml of deionized water respectively.

Thechangein Pb(I1), Cu(ll), and Cr(VI) concen-
trations dueto sorption was determined by AAS after
filtration.

The extent of uptake and retention capacity of the
hydrogel are expressed in percentage asfollows?':

Metalions _ amountof metal in polymer
uptake% ~ amount of themetal inthefeed

x100 (2

Metal ions _ amount of metal ionsin polymer
retention — weight of dry polymer ®)

Resultsareaspresentedin TABLE 2

TABLE 1: Characteristicsof thehydrogel

Characteristics Results
Colour White
Water retention value (g/g) 382
Toxicity No
Water Soluble No
Dimension (um) 150-350
Density (g/cm?) 1.5
pH 8.0

PAN backbone

-

TABLE 2: Extent of heavy metal uptakeby thehydrogel

Metal Metalions Metalions Metal ions Retention
ionsfor infeed inthepolymer uptake Capacity
sorption  (ppm) (ppm) (%) (ppm/g)
Cu(ll) 10 4.46+0.03 44.56+4.0 8.91+0.04

20 11.03+0.01 55.16+1.0 22.06+0.02
30 18.02+0.11 60.05+2.7 36.04+0.20
40 26.43+0.05 66.08+2.5 52.86+0.10
50 35.93+0.25 71.96+2.0 71.96+0.40
Pb (1) 10 4.67+0.05 46.77+0.4  9.35+0.02
20 11.22+0.05 56.09+0.1 22.44+0.02
30 18.57+0.01 61.89+0.7 37.14+0.01
40 27.64+0.03 69.11+0.4 55.28+0.06
50 38.28+0.02 76.55+0.1 76.56+0.02
Cr (VI) 10 0.24+0.005 2.42+0.2  4.82+0.04
20 0.56+0.002 2.81+0.1 5.62+0.04
30 0.58+0.002 1.93+0.25 3.86+0.04
40 0.94+0.005 1.35+0.20 2.70+0.10
50 0.25+0.001 0.50+0.21 1.00+0.02

RESULTSAND DISCUSSION

M echanism of hydrogel formation

Thereaction mechanismfor hydroge synthesisis
shownin Scheme 1. Thehydroxyl groupsof starch sub-
strate was converted to corresponding alkoxideions
using sodium hydroxide solution. Then, these
macroal koxidesinitiate crosdinking reaction between

PAN backbone
g y\\\‘ ;_J\ /-‘H-\‘, ’_f’\h .
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Scheme 1 : Proposed mechanism for crosslinking during hydrolysis of the nitrile groups of the hydrolyzed starch-

polyacrylonitrile (HSPAN) mixtureto producethehydrogel.

some adjacent polyacrylonitrile pendant chains. This
reectionleadstointermediateformation of ngphthyridine
cyclic structures (including imine, -C=N-, conjugated
bonds) with deep red color. Theintermediatewasthen
hydrolyzed using residua sodium hydroxide aqueous
solution to produce hydrophilic carboxamideand car-

Macromolecules

boxylategroupswith aresulting color changefromred
tolight yellow. Thissharp color changewasused asan
indication to halt thealkainetreatment.

Maximum swelling capacity of 382g/gwasobtained
inwater. It has been stated that swelling capacity of
hydrogelsisinfluenceby thepH, hydrolysistime, tem-
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perature and the medium™”
Infrared analysis

Infrared spectroscopy was carried out to confirm
thechemical structure of the hydrogd . Figure 1 shows
the FTIR spectraof the physical mixtureand there-
sulted hydrogel, S-PAN. Theband observed at 2242
cm'* can beattributed to stretching of —Ca”N group of
PAN (Figure 18). The hydrogel compriseastarch back-
bonewith side chainsthat carry carboxamideand car-
boxylatefunctional groupsthat are evidenced by three
new peaksat 1452, 1156, and 1675 cm* (Figure 1b).
These peaks are attributed to C=0 stretching in
carboxamide functional groups and symmetric and
asymmetric stretching modesof carboxylategroups, re-
spectively!'s17. Asshownin Scheme 1. and Figure 1b,
after dkainehydrolysis, most of thenitrilegroupsare
converted to carboxamide and carboxyl ate groups.
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Figurel: FTIR spectraof (A) starch and (B) thecrosslinked
hydrogd.
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Hydrogel mor phology

The surfaces of the starch and the hydrogel were
observed with the scanning € ectron microacope (SEM).
Figure 2 showsthe picture of the starch and figure 3
showsthepictureof thehydroge. Fromthefiguresitis
obviousthat thehydrogel hasaporousstructure, unlike
the starch. The pores aretheregionsof water perme-
ationandinteractionssites of externa stimuli withthe
hydrophilic groupsof the copolymers. SEM picture of
thestarch (Figure2), clearly showschangeinthe sur-
face topology of the starch after reaction dueto the
growing Polyacrylonitrilechain.

Results of heavy metal ions sorption by the hy-
droge

Structural aspectsof the polymeric backboneare
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important factorsaffecting metd ionssorption. Thepre-
pared hydrogd removesmeta ionsboth by adsorption
on nitrogen of theamidegroupsand aso by sorptionin
the bulk of hydrogel asshownintheFigures2 and 3.
Therefore, thestructure of apolymeric hydrogd affects
theleve of polymer interaction with water and the pro-
vision of active sites to absorb coordinate metal
iong13.4,
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cassava starch

hydrogd.

Hencethe sorption behaviour and the quantity of
metal ionstaken up depend, inadditionto theattributes
of metd ions(ionic sizes, eectropositivity, reactivity),
aso ondifferent structural aspectsof thepolymer. Itis
clear from TABLE 2 and Figure 3 that the metal ions
uptake percentage and retention capacity of Cr were
far lower than Cu and Pb. Thiscan beattributed to the
fact that the Cr ion has ahigher oxidation state than
other metal ionsand consequently itssorption by poly-
mer at that stateisvery low. In general, theamount of
metal ionsuptake by ion exchanger isaffected by the
electronegativity and hydrated vad uesof metd ions. The
sequence of metal ions sorption wasasfollows. Pb >
Cu>Cr.

Toexaminetherelationship between sorbed (g) and
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agueous concentration C at equilibrium, sorptioniso-
therm modelsarewidely employed for fitting the data,
of which the Langmuir and Freundlich equationsare
most widely used. The Freundlich equationisan em-
pirica equation based on sorption on aheterogeneous
surface. The equationiscommonly represented by:
q=aC® @)
whereaand b arethe Freundlich constants character-
igticsof the system, indi cating the sorption capacity and
thesorptionintengty, respectively.

To simplify the derivation of aand b, above equa
tioncanbelinearized as:
Ing=1Ina+(l/b)InC (5)
Therefore, aplot of In qversusin C enablesthe con-
gtant aand exponent bto bedetermined. TheLangmuir
and Freundlich equations were used to describe the
dataderived from the sorption of Cr, Pband Cuions
by thehydroge over theentireconcentration range stud-
ied. Theplot of IngversusInC in Figure4 showed that

Metal Ions Uptake by the hydrogel

Concentration of metal ions in Hydrogel (ppm) Cu(I)

10 15 20 30 3

Figure4: M eta{i ionsu‘ptakebly the hydrogelr

Freundlich isotherm for the metal ions uptake

Cu(Iions

fix)=1.2897537%x-0.7825972; R*=0.999

Pb (IDions
(X)=1.29420867x-0.75712016: R*=0.99

InC

0

Figure5: Freuﬁdlich isotherh for themetalni»onsuptake by
thehydrogel

Langmuir Adsorption isotherm for the metal ions uptake

cu(m
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Ph (IT) ions
f(5)=-0.0101° X+ 131 R=0.9616
Cr (VI) ions

fi5)= L0711 16,4913 Ri=0.729

o

L ]
C

1‘0 15 20 25 30 35 49 43
Figure6: Langmuir isotherm for themetal ionsuptake by
thehydrogel

theexperimenta datareasonably well fitted thelinear-
ized equation of the Freundlichisotherm over thewhole
Pb and Cu ions concentration range studied with the
exception of theCr ionswhich did not fit the Freundlich
isotherm. Linear plotsof In (C/q) versusinC, Figure5
showed that the Langmuir isotherm did not fit well for
the Cr, Pband Cuionssorption by thehydrogd . Inthis
study, however, Freundlichisotherm hasabetter fitting
mode than Langmuir astheformer have higher corre-
lation regress on coefficient than thel atter. Thus, indi-
cating to the applicability of ahydrogel sorption of the
PbandCuions,

CONCLUSION

It has been shown that the use of native cassava
starch- poly(sodium acrylate-co-acrylamide) hydrogel
for heavy metd ionsremovad istechnically feasible, eco-
friendly and with high efficiency. Besidesthat, being
composed of natura polysaccharides and biodegrad-
able, it hd psinreduction of environmenta pollutionand
safedisposal of heavy metals. This sorbent can bea
good candidate for sorption of not only heavy metal
ionsbut also other organicsin wastewater stream.

Porosity and anions on the surface of the hydrogel
enhancesmetd ionsuptakefrom agueousmediaand the
extent of uptekeisinfluenced by theszesand gateof the
ions. Theseresultsare of interest to the devel opment of
hydrogel-based technol ogiesfor water purification and
meta ionsseparationand enrichmentinNigeria
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