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ABSTRACT KEYWORDS
The purpose of this work is to prepare a low-cost biosorbent, Magnetic Magnetic chitosan resin;
chitosan resin (MCR), and determine the ability of this biosorbent to Biosorbents;
removing Ni (I1) ion from aqueous medium. The characteristics of this Adsorption;
biosorbent such as adsorption isotherms, the influence of pH value, Nickel (11).

adsorption time and temperature were all researched. The adsorption
equilibrium was achieved after about 150 minat pH = 6 and the equilibrium
date werefitted better with the Langmuir isotherm equation than Freundlich
mode. The maximum adsorption capacity was 14.47 mg-g. Both kinetics
and thermodynamic parameters of the adsorption process were also
estimated. The thermodynamic parameters indicated an exothermic
spontaneous process and the kinetics followed the second-order
adsorption process. Moreover, the magnetic chitosan resin (MCR) could
be regenerated through the desorption of the Ni (1) ionsusing 0.1 mol-L*
HCL solution and could be reused to adsorb again. Overall the results
reported herein indicated that the magnetic chitosan resin (MCR) with
high adsorption efficiency and magnetic property is very attractive and
implies a potential of practical application for removing Ni (I1) ion from

agueous medium.

INTRODUCTION

Heavy meta sare potentially hazardousto human
beings and environment. Variousindustrial processes
result inthe production of considerableresidua water
contaminated with heavy meta§1. Metallic nickel and
nickel compounds have many industrial and commer-
cid gpplicationsinduding usein danlesssted sand other
nickel dloys, catalysts, batteries, pigments, and ceram-
icg?3. Nickel and nickel compoundsgenerdly causea
variety of pathologic effectslikeskinalergy, lung fibro-
sisand human carcinogen. The mostimportant health
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problemsinduced by nickd and nickel compoundsare
dlergic dermatitisandincreased incidence of cancerd™.
TheU. S. Environmental Protection Agency (EPA)
advisesan acceptableleve of nickd indrinking water
should below 0.1 mg/L®.. Therefore, Nickel removal
from aqueouswaste streamsis currently of great con-
cernfor public hedth and environmental conservation.
Severa treatment methods have been developed to
remove nickel from agueous waste streams, such as
adsorption, ion exchange™, microfiltration and chemi-
ca precipitationt®. Adsorption isconsidered an effec-
tiveand economica method among thetreatment. Re-
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cently utilizelow-cost adsorbents hasbecome anew
focus point mainly using biopolymers, which obtained
from renewabl e sources and adsorbed metallicions
selectively and effectively. Asavail able biopolymersin
nature, chitosan attracted much consideration because
of itsexcellent features, such asbiocompatibility, bio-
degradability, and anti-bacterial properties®*?. Further
physica and chemica modification of chitosanhasbeen
devel oped toimprove mechanical strength, selectivity
and capacity for the adsorption of metals. Magnetic
chitosanresin (MCR) isatypical modification method
which keepsthe properties of chitosan for the adsorp-
tion of meta ions, and moreover, techniquesemploying
magnetism areimparted to resnsfacilitating their trap-
ping from the medium usingamagneticfield compared
to the centrifugal methods. Soit hasbeenwiddy used
invariousapplicationssuch asenzymepurification, cell
separation, and waste treatment*12, In order toim-
prove chemical strength and stability, MCR should be
chemicdly crosdinked, becausethe crosdinking method
may enhancetheres stance of MCR against acidsand
chemicals. In our present work, weaimto preparea
Magnetic chitosanresin (MCR) adsorbent and deter-
minetheability of thisbiosorbent to removing Ni (11)
ion from agueous medium. Batch adsorption experi-
mentswere carried out asafunction of pH value, ad-
sorptiontimeand temperature. Theadsorptionisotherm
and thermodynamicsparameterswered soinvestigated.

EXPERIMENTAL

Materialsand instruments

Chitosan with a deacetylation percentage of ap-
proximately 85% waspurchased from Zhejiang Yuhuan
Biochemica Co. Ltd. (China), and purified beforeuse
by dissolving and preci pitating several times, then ex-
tracting in Soxhlet apparatusin acetonefor 24 h, and
driedat 40! under vacuum. All other chemicals(glut-
arddehyde, nickd nitrate) wereandytica grade. Double
distilled water (conductivity <0.02 S/cm) were used
throughout thework. The productswere characterized
by FT-IR, and SEM. IR spectraweretaken with KBr
pellets on a Perkin-Elmer FTIR 1725 spectrometer.
Thesurfacemorphology of productswasstudied using
JSM-120 microscope (Japan). The adsorption experi-

Xinghai Yu et al. 63

—== Qurrent Research Papser

mentswerecarried out at athermostated Shaker (SHA-
C) and the sampleswere centrifuged at 3000 rpm for
10 min, thenthe supernatant liquid wereused to deter-
minemeta ionsconcentration. Atomic absorption spec-
trophotometer (ZEEnit700P, Jena) was used to mea-
sureNi (11) concentration following standard methods
for examination of water and wastewater!*3,

Preparation of magnetic chitosan resins (M CR)
adsor bent

TheMagnetic chitosanresin (MCR) was prepared
according totheliterature procedures'¥. A knownvol-
umeof ferric chloride (0.5mol-Lt) and ferrouschloride
(1mol-L!) solution were added to three necked flask
purged with nitrogen consecutive stirred at room tem-
peraturefor an hour. Then ammonium hydroxide (20%)
solution were added into flask to adjust thepH valueat
9.0-10.0. Themagnetitewerefiltered and extensively
rinsed with redistilled water thendriedat 80 !.

Chitosan powder (1.0g) was dissolved in 2.0%
agueous acetic acid (200 ml) and 5 g magnetite was
added and stirred at room temperaturefor 2h until the
mixture dispersed sufficiently. Next, the magnetic
chitosan precipitation was obtained after the addition
of ethanol. After dried at 80 !, it wasplaced in ethanol
solution in contact with 5% of glutaraldehydefor 2 h,
according to thechemicd crosdinking with glutaradde-
hyde occurs by Schiff’s reaction. Next the magnetic
chitosan resinswere collected by magnetic separation
and further washed with distilled water and ethanol in
order to removethe unreacted glutaraldehyde. At last,
itwasdried at 80 ! and the magnetic chitosan resin
(MCR) wasfinally prepared.

Regener ation of adsor bent

For the purpose of reducing the operating cost and
minimizingwastedisposal, apractica recyclingmethod
of MCR wasdeveloped. 0.2 g Ni (Il) saturated MCR
wasimmersed in a100 ml beaker with 20 ml of 0.1
mol-L*hydrochloric acid solutionfor 24 h a roomtem-
perature. After filtration, theresidua waswashed with
distilled water until no Ni (1) wasleft in the effluent.
The CM C wasthen dried under vacuum.

Adsor ption experiments
The sorption experimentswere studied by batch
technique. 0.2g M CR wereequilibrated with 50 mL of
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agueousNi (NO,), solutionwith 50mg-L*ina100 mL
glassstoppered Erlenmeyer flask at 30+2 ! inashak-
ing bath. Theinitia pH wasadjustedwith0.1 M HNO,
or 0.1 M NaOH before adding the adsorbent. After
shakingfor 150mintoensurefull equilibration, theMCR
were collected and the concentration of nickel (I1) ions
in the supernatant was estimated by monitoring with
atomic absorption spectrophotometer. Theadsorption
capacity wasca culated fromthefollowing expression:
0 G=CF @
m

where, Q isthe adsorption capacity of the adsorbent
(mg/g), C and C, (mg/L) aretheinitial and terminal
concentrationsof Ni (I1) respectively, m(g) isthemass
of adsorbent, and V isvolumeof solutionliters.

RESULTSAND DISCUSSION

Characterization

FT-IR spectraof CTSand MCR areexhibitedin
Figurel. Thecharacteristic CTSbandsare C-H stretch-
ing around 2870 cm! and intense bands near 3360 cn
! dueto O-H and N-H stretchings. The bands corre-
sponding to acetamide groups, remaining from chitin,
dueitsincomplete deacetyl ation gppear at around 1650
cnrtand 1380 cm'?, attributed to C=0 and C-H de-

[
Figure2: SEM imagesof CTS(a) and MCR (b)

The surfacemorphology of CTSand MCR were
investigated by SEM. Asshow in Figure2, CTS has
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Figurel: FT-IRof CTS(a)and MCR (b)

formationsrespectively. The presence of saccharide
structureisconfirmed by having bandsin 1200-800
cm region, especidly 1154 cm? and 896 et assigned
to B-(1, 4)-glycoside bridges. The spectra of MCR
shows new absorption at 1630 cm* and 1550 cm?
ascribed to stretching vibrations of C=N duetothere-
action of iminewhich reved sthat functiona groupsof
Schiff bases have been present in chitosan. Thereis
asoanevidenceof presenting Fe,O, a 589 cmr* which
attributed to Fe-O bond vibration. From the FT-IR
spectra, it can be concluded that the preparation of
magnetic chitosan resinsissuccessful.

flaky and smooth surface, whereas M CR showsclus-
tered shapes and polyporous on the surface, and the
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particles conglomerated closaly particularly. The ap-
pearance of MCR indicatesthat the porous structure
should be propitiousto nickel ion uptake.

The characteristic of magnetism providesan easy
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and efficient way to separate the M CR from aqueous
solutions. It can beseen that themagnetic chitosan res-
inswith adsorbed Ni could be easily separated by a

magneticfield, resultingin cleanwater (Figure 3).

Figure3: MCR gathered in solution (a) and separ ated with magnet (b)

Effect of pH value

To evauate the effect of pH value on nickel (1)
adsorption capacity on MCR, experimentswere con-
ducted with 50 ml of 50 mg-L* of metal solution con-
taining 200 mg of adsorbent at room temperature. These
resultsweregraphicaly represented in Figure4. At pH
2.0 adsorption capacity for nickel (I1) islow, whilea
vigorousgrowth appeared intherangeof 3.0-6.0. The
results can be summarized asin lower pH vauethe
functional free-NH, groupsand (-C=N-) of Schiff’s
base groupin MCR were highly protonated to—NH_*
and (—C=N-") whichincreased the e ectrostatic repul -
sion onthesurface sitesand prevented the meta cat-
ionsgpproachingto. With pH increasing gradudly (3.0-
6.0), thedecrease of H* reduced positive charge den-
sty onthe surface sitesresulting in an enhancement of
metd adsorption.

Effect of adsor ption time

Theexperimental resultsof Ni (1) adsorption on
MCR versustimeareshownin Figure 5. Theextent of
adsorptionincreaseswithtimeand attained equilibrium

12

Q (mg/g)

pH

Figure4: Effect of initial pH valu on adsor ption capacity of
Ni(I1)

near 150 minutes. After thisequilibrium period, the
amount of metal adsorbed did not change remarkably
withtime. Many researchershavefoundthat if there-
actionrateischemically controlled, the pseudo-sec-
ond-order mode ¥ will bethe most gppropriate model
to describethe reactionl*® The experimenta datawere
tested by the pseudo-second-order model whose ex-
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pressonisgivenasfollows:

dq,
—=kig,—q,) 2
dt ' @

For boundary conditionst=0for Q =Oandt=tfor Q =
Q, integrating Eq (2) givesbelow:
ro1

—_—— —
g, kg g, ®

where g,(mg/g) and g, (mg/g) arethe absorbances at
timet and at equilibrium respectively. Thesopeand
intercept of plot of t/Q, vs. t wereused to calculate the
pseudo-second-order rate constant kand ..

Asillustrated in Figure 6, the pseudo-second-or-
der modd fitted well with thekinetic experimenta data
and the correl ation coefficientswere greater than 0.99.
Therefore, theNi (1) adsorption processiscontrolled
by the chemical process.

12

Q(mglg)

0 1 1 1 1 1 1 1 1 1
0 20 40 50 a0 100 120 140 160 180 20(

t (min)
Figure5: Effect of adsor ption timeon adsor ption capacity
of Ni (11)
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Figure6: Pseudo-second-order equation for theadsor ption
of Ni(I)onMCR
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Adsor ption equilibriumisotherm

Andydsof theequilibrium dataisthemog sSigniticant
to accurately represent the adsorption isotherm. To
determinetheequilibrium data, theadsorption of theNi
(I1) at different initial concentration (25-100 mg-L?)
were studied whiletheweight of MCR, pH valueand
adsorptiontimebe ng congant. Langmuir and Freundlich
adsorption isothermswere often used to it the experi-
mental data®”). The Langmuir isotherms assumemono-
layer coverage of adsorption of each moleculeonto the
surface hasequal sorption activation energy and noin-
teraction between sorbed species. It hastraditionally
been used to quantify and contrast the performance of
different biosorbents. In mathematical form, itiswritten
&

C Ce 1

@

o 9. (g)b)
where C, istheequilibrium concentration of metd ions
((mg-L?), Q, is the amount of metal ions adsorbed
((mg-g™), Q,,isthe maximum adsorption capacity of
metal ions(mg-g?), and bisthe Langmuir adsorption
equilibrium constant (L-mg). Therefore, the polt of
C/Q_agangt C_givesadtraight linewithaslopeof 1/
Q. andanintercept of 1/(Q _b) (Figure7 and TABLE
1). TABLE lindicatesthat Langmuir model has per-
fectly applicationfor nickel (I1) sorption with aregres-
sion coefticient. The maximum sorption capacity re-
vealed MCR canremoveNi (1) with ahigher affinity
compared to chitosan in itsnatural form and most of
themoditied forms reported intheliteraturg®29,

TABLE 1: Langmuir and freundlich constantsfor Ni (I1)
biosorptionon MCR

4

Temperature Freundlich constants

(K)

Langmuir constants

Qm(mg/g) b(L/mg) R* K n R?

303 13.93 0.4503 0.9908 9.861 12.66 0.8134
318 14.29 0.6393 0.9936 9.992 12.91 0.8270
333 14.47 1509 0.9942 10.31 14.18 0.8712

The equilibrium adsorption datawere applied to
the Freundlichisotherm equation for multilayer adsorp-
tionisotherm on heterogeneous surfaces. TheFreundlich
isothermisan empirical equation based on an expo-
nential distribution of sorption sitesand energies. In
mathematical form, itisrepresented as.
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g=KEC" ®)

' 1
Ig0, =1gK, +—lgC, (6)

n

Intheequations, C_and Q, areequilibrium Ni (II) ion
concentration (mg/L) and equilibrium adsorption ca-
pacity (mg/g), respectively. Freundlich congtants, K. and
n can be determined from aliner plot of IgQ, versus
IgC,, which affect the adsorption process such as ad-
sorption capacity and intensity of adsorption, respec-
tively. Figure 8 depicts the plots obtained by the
Freundlichisothermfor the adsorbentsalongwith their
R2vaues. The Freundlich constantsfor theadsorption
werea so presented in TABLE 1. Ascan be seen, the
experimentd datadid not fit well inthe Freundlichiso-
therm equation with low correlation coefficientsfrom
0.81t00.87.

25

B 303K

5 10 15 20 25 30
C, (mg/L)
Figure7: Langmuir isothermsfor Ni (11) theadsor ption of
nicke (I1)on MCR
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Figure 8 : Freundlich isotherms for the adsorption of
nickel (1) on MCR
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Thermodynamic parameter sof adsor ption

Inorder to explain theeffect of temperatureonthe
adsorption thermodynamic parameters, theadsorption
behavior of Ni (11) onthe adsorbent at different tem-
peraturesweredsoinvestigated (Figure9). Theresults
showed that asthe temperatureincreased, theval ue of
Qincreased, which implied that the adsorption process
wasendothermic.

The thermodynamic equilibrium constant (K) for
each system was obtained by cal cul ating the apparent
equilibrium congtant K _at different initial concentra-
tionof Ni (1) and extrapol ating the sameto zero.

K s
= )

where C_istheconcentration of Ni (I1) onthe adsor-
bent at equilibriuminmg/L and C_istheequilibrium
concentration of Ni (I1) insolutioninmg-L*. Thead-
sorption parametersthermodynamic standard enthal py
(AH?), standard entropy (AS’), and standard Gibbsfree
energy (AG) can becd culated by the thermodynamic
equation?y ;

, AS’ AH'®

IgK = - 8
2.303R  2.303RT

AG™ = AH® —TAS® ©

In the Eq (8), R isthe gas constant, 8.314x10 (kJ/
mol-K), T is absolute temperature, K is equilibrium
constant at thetemperature T, respectively. When IgK
isplotted against 1/T, astraight linewith slope AH/
2.303RT, andintercept AS2.303R wereobtained (Fig-
ure 10). Thevauesof AHand AS’'were also obtained
from thelopeand intercept of the Van’t Hoft plots of
INK versus 1/T (Figure 10). Thethermodynamic pa-
rametersfor theadsorption processaregivenin TABLE
2. It can be observed that the positive value of
AH®indi catesthe adsorption isendothermic and higher
temperature makesthe adsorption easier. In addition,
thisasoindicatesthat adsorption of Ni (I1) onMCRis
rather chemical process. If it was only physisorption
process, the enthal py of the system would be exother-
mic?. Thepositivevalueof AS’indicatesthat thereis
anincreaseintherandomnessat the solid/solutionin-
terface during the adsorption process®. The negative
va ueof *%G decreaseswith theincrease of tempera-
tureindicating that the spontaneous nature of adsorp-
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tion of Ni (I1) areinversely proportional to the tem-
perature, and the adsorptionismorefavorableat high
temperatures.

Desor ption and reuseof MCR

Theadsorption/desorption cycleswereinvestigated
in abatch reactor and the adsorbent was recycled to
adsorb Ni (1) from 50 ml of solutionwithaninitia con-
centration of 50 mg-L*under the sameadsorption con-

TABLE 2 : Thermodynamic parameters for for Ni (I1)
biosorptionon MCR

Temperature (K) AG°(kJ'mol™) AH’(kJmol™) (J-mol “K ™)

303 -3.506
318 -3.848 3421 22.86
333 -4.191
13
—B— 303K
3L [—e— PR
12| |[—e—318K A" e .
T
11+
_ 10t
2 gl
8L
7k
6 1 1 1 1 1
L 10 15 20 25 30
Cq (mg/L)

Figure9: Equilibriumisothermsfor the adsor ption of
nickel (I1) on M CR at different temperature
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Figure10: Van’t Hoff plot for the adsorption of nickel (II)
onMCR
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ditions. Therecycling wasrepeated 5 timesas shown
in Figure 11. Through the Figure, we calcul ated the
uptake amount of Ni (1) ontheCMC (TABLE 3), and
the results indicated there was a decrease of 11.6%
fromthefirst to second cycle, but from thiscycleon-
ward theamount remained practicaly constant. There-
fore, we considered that theloaded CM C can bere-
cycled for Ni (I1) adsorption when regenerated with
0.1 mol-Lthydrochloric acid solution. The mechanism
of regeneration may bethat inthefirst four cycles, both
el ectrostatic and complex at ion reactions occur be-
tween thehydrochl oric acid solution and metal iong?4.

CONCLUSIONS

In this study, a low-cost biosorbent, Magnetic
chitosanresin (MCR) was prepared by cheap and envi-

TABLE 3: Uptakeamount of Ni (I1) ontheCMC

Recycletimes 0 1 2 3 4 5

uptake amount of Ni (1) (%) 92.66 81.08 80.40 79.92 78.49 78.25

20

Q. (mg/g)

0 1 L 1 1 1 1
0 1 2 3 4 5

Recycle times
Figure 11 : Adsor ption and desor ption cyclesof nicke (11) on
MCR

ronmentdly friendly chitosanandiron sats Thebiosorbent
could removenicke (I1) ionsfrom agueous sol ution effi-
ciently viathe chemica adsorption processwhichcanbe
described by pseudo-second ratemodd . The Langmuir
adsorption model and Freundlich equation were used
for themathematical description of theadsorption, and
theresultsshowed that the Langmuir i sotherm was bet-
ter compared with the Freundlichisotherm. And the ad-
sorption thermodynami ¢ parametersdemonstrated the
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adsorption process was endothermic. Further, the
bisorbent could be regenerated with 0.1 mol-L* hydro-
chloric acid solution and reused effectively. Thus, this
biosorbentsisvery attractiveand impliesapotentia of
practica application aslow-cost and effective absorbent
for removenickd (I1) ionsfrom agueous sol ution.
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