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ABSTRACT

The biosorption of Ni(Il) from agueous solution by using Enteromorpha
as cheap green alga were considered. The effects of pH, temperature,
contact time, initial concentration of Ni(Il) and biosorbent dose were
studied. This study shows that Enteromorpha can be used for removal of
Ni(l1) from aqueous solution wastewater. A second-order equation
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designated for kinetic of the biosorption and Langmuir isotherm model are

fitted for equilibrium of the adsorption data.
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INTRODUCTION

The presenceof theheavy metalsduetoindustrial
activitiesisof seriouschdlengesfor environment. Metd
finishing, € ectroplating, painting, dying, photography,
surface treatment and printed circuit board manufac-
tureareinvolvedintheseindustria activities¥. Heavy
metal sreleased into the environment by technological
activitiestendto perastindefinitely, drculatingand even-
tually accumulati ng throughout thefood chain, becom-
ingaseriousthresat to the environment!?.

Thesemetd sarenon-bi odegradable and maintained
indefinitely inbulk of humans, animasand plants. These
metascanbetoxictomicrobid populationat sufficiently
high concentration. However, somemetalssuch assil-
ver, mercury, cadmium and copper aremarkedly more
toxiceven at very low level §%9.,

The uptake and accumulation of Ni(Il) in plants
poses a serious health threat to humansviathefood
chain. Thepresence of excessiveamountsof Ni(ll) in
soil commonly produces many stress symptomsin

plants, such asreduction of root growth, disturbances
inmineral nutrition and carbohydrate metabolism.!.
Ni(Il) isan oxidizing agent for plant and animal tissues
eveninsmall quantities. It diffusesrapidly through soil
and aguatic environments asreadily passing through
skinfel,

Chemica preci pitation, redox reactions, mechani-
cal filtration, ion exchange, membrane separationand
carbon adsorption are among the variety of treatment
processeswidely used for theremoval of toxic heavy
metals from the waste streams. In recent years
biosorption hasbeen recognized asan effectivemethod
of deduction of metal contamination in surface water
andinindustrid effluents¥. Inthebiosorption, asolids
of natura origini.e. biosorbent, areemployed for re-
moval of heavy metas. It isapromising alternative
method totreat industrial effluents, mainly because of
itslow cost and high metd binding capacity!*?.

We were investigated the effect of different ex-
perimental parameters such aspH, temperature, con-
tact time, initial concentration of Ni(l1) and biosorbent


mailto:maniad@pgu.ac.ir

CTAIJ, 9(2) 2014

Mahmood Niad and Saeid Zaree 49

dose on sorption process. Moreover, theequilibrium
isotherm and the uptake kineticswere studied.

MATERIALSAND METHODS

Biomasspreparation

Enteromorphawas collected from the Persian Gulf
on Bushehr Island. Before use, it waswashed several
timeswith digtilled water toremovedirt. Thecleanadga
wasdriedinanoven at 60 °C for 24 h and powdered
tomaximizethe

surface of absorption. dry biomasswas chopped
and sieved for biosorption experiments.

Nickel solutions

Stock nickel solution (150 mg/L) was prepared by
dissolving171.135 mg of Ni(NQ,),.6H20 (Merck) in
500 mL of deionized water. Different concentrations of
nickel solutions (20, 50, 75, 100, 125 and 150 ppm)
were prepared by dilution of the stock solution with
deionized water. Theinitia pH isadjusted with 0.1N
HCl and 0.1N NaOH.

Experimental procedure

Thesamplesof biomasswerefiltered and anadyzed
for heavy metals by atomic absorption (Specter AA-
200). TheexperimentsweredoneatpH 1, 2, 3, 4, 5,
6, 7 and 8 and contact timeof 60 minutewith different
initial concentrations (20, 50, 75, 100, 125 and 150
ppm) for Ni(11) and 200 mg/L of biomassat different
temperaturesintervals (25, 35, 45, 55 and 65 °C).

Metal uptake

Themetal uptakeq, (milligram of metal adsorbed
per gram of adsorbent) was cal culated from the mass
balance equation asfollowing eq.

B8,

% = Jooow (D)
WhereC (mg/L) istheinitia concentration, C_(mg/L)
isthemeta concentrationsat equilibrium, V (mL) isthe
volume of the solution and w (g) isthe massof sorbent.

Equilibriumisotherm

Modding of equilibrium datawas done using most
widey used Langmuir and Freundlich isotherm mod-
g2

Inthe Langmuir isotherm, maximum monolayer ad-
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sorption capacity, g, . (mg/g) was determined from
Langmuir equetion:
i 4 4 4

q-_E - qmﬂx‘ﬁl C_E + qi“ﬂ.ﬂ.’t’ (2)
whereq,(mg/g) istheabsorbed metd ion, C_(mg/L) is
theequilibrium concentration of meta ionssolution and
K (L/mg) isthe Langmuir adsorption constant. The
Langmuir adsorption isotherm assumesthat adsorption
takesplacea specific homogeneous surfacesiteswithin
the adsorbent and has found successful applicationin
many sorption processes®.

Inthe Freundlichisotherm, the heterogeneous ad-
sorption capacity, g, (mg/g) was determined form
Freundlich equation:

3

Whereboth k, and n arethe Freundlich constants. The
Freundlichisothermisan empirical equationemployed
to describe heterogeneous systems. It assumes neither
homogeneoussiteenergiesnor limited levelsof sorp-
tion. The Freundlich constantsindicatetheextent of the
adsorption and the degree of nonlinearity between so-
lution concentration and adsorption respectivel yt419,

1
logq, = - log c, +loghks

RESULTSAND DISCUSSION

Effect of pH on biosor ption

Theuptakeof Ni(Il) inverseof pH showedin Fig-
urel.Anincreasein pH=2, followed by adecreasein
PH=3 and smooth increase until pH=7 were observed
and finally decreasein pH=8.

Mogt biosorption studieshave observed largevaria-
tionsinthebiosorption capacitieswith different solu-

o (Mg/g)
&

0 1 2 3 4 5 6 7 8 9
pH
Figurel: Theeffect of pH on thebiosor ption of Ni(Il)
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tion pH values'¢*8. The pH of theagueoussolutionis
an important controlling parameter in the adsorption
process. Marinedgaeconta nionizablecarboxyl groups
from mannuronic and guluronic acidsonthecel | wall
polysaccharides, which could be affected by changes
inthe pH™.,

At highsolution pH values, themetd speciationin
solution may become an important factor. Theincrease
in heavy metal uptake has been attributed to reduced
solubility and metal precipitation?2Y et al. 2003) re-
ported that thezero-point for dgace | (Sargassum) was
a pH 3.0, abovewnhichthedgd cdlscould developa
net negativecharge.

At very low solution pH, the concentration of the
hydrogenionishigh, and it can directly competewith
the heavy metal ions. The protonation of the binding
sitesor theionized functional groupsonthecell wall
makethe binding siteinaccessibleto heavy metal cat-
iong?!, Asaresult, thetrendinvariationsmay bemecha
nism or medium effects?. Themetal speciationinso-
lution, changesof ionic formsof thefunctiona groups
and thecompstition effectsof hydrogenionsareamongst
these mechanismg?Y.

Effect of temperature

The effect of the solution temperature on the ad-
sorption capacity for Ni(Il) ionssolutionshowedinFig-
ure 2. Five different temperatures of 25, 35, 45, 55
and 65°C were considered. It can be observed there-
mova percent wasdlightly increased for Ni(ll) uptake
at 35°C and 45°C. Maximum Ni(Il) uptake was ob-
served in45°C. By increasing temperature from 45°C
to 65°C theamount of Ni(ll) uptake were decreased.

75

65 -
b5

45 -

q. (mg/g)

35

20 30 40 50 60 70

Temperature (°C)

Figure?2: Theeffect of temperature on the biosor ption of
Ni(l1)
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Thisvariationisnot beinterpreted by empirica Arrehnius
or theoretical Eyring equationl?3. Hence we may be
concluded that anumber of mechanismsareincluded
for Ni(I) uptake.

Theeffect of contact time

The effect of the contact time on the adsorption
capacity for Ni(Il) ionssolution showedinFigure 3. In
thisstudy, with increasing time, the uptakefor Ni(I1)
wasincreased. The maximum uptakefor Ni(ll) was
observed a 10 minutesinitial . After 55 minutes, Ni(ll)
uptake rate was steady and equable. Thiswasdueto
the saturation of the sorption sites on adsorbent with
Ni(ll).

G (mg/g)
ERELER

10 20 30 40 50 60 70
tmin)
Figure3: Theeffect of contact timeon g, of Ni(l1)

o

Adsor ption kineticsstudies

Twokineticsmodels, pseudo first order and pseudo
second-order modelsare used to analyzethe sorption
dataandtoidentify themechanism of soluteadsorption
onto sorbentg?24,

Thelinearized form of first order Lagergren equa-
tionisgivenaskEq. 4.
l'-':-:I,.ﬂ.r."ls'.-t'
2303 )
and the pseudo second order model isgiven asEq. 5.

t 1 t

o — L ©)

e kz ads le;' W A

whereq, (mg/g) isthe mass of meta adsorbed at equi-
librium, ¢, (mg/g) isthemassof meta at timet(min.), k
< (/min) isthefirst-order reaction rate of adsorption,
K, .4 (@/Mg.min) the pseudo-second-order rate con-
stant of adsorption. A comparison betweentwo kinetic
modelsin TABLE 1 suggested that (1) the coefficient

log(q, — q.) =legq, —
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of correlation (R?) for the pseudo-second-order kinetic
model ismuch higher in comparisonto pseudo-first-
order model (2) the close agreement between the ex-
perimentd ¢, (Mg/g) vauesand theestimated g, (Mg/g)
vauesfrom pseudo-second-order kinetic modd. These
factssuggest that obtained Ni(11) kinetic datafollowed
the pseudo-second order kinetic mode which describes
thebiosorption astheratelimiting step.

—= Pyl Paper

Freundlich isotherm dataistabulated. Theisotherm
experimenta resultsshowed that the datacould bewel |
model ed according to the Langmuir adsorption iso-
therm.

M echanism of adsor ption

Theprediction of therate-limiting stepisanimpor-
tant factor to be considered in the adsorption process.

TABLE 1: Comparison between pseudo-fir s or der and pseudo-second-or der kineticmodelsfor Ni(I1) sor ption by Entromor pha.

Pseudo-fir st-order kinetic model

Experimental value

Pseudo-second-or der kinetic model

qe(mg/g) K 1,ads(mi n_l) R?

de(Mmg/9)

e (MQ/Q) K 2.405(g Mg min'™) R2

15.82 0.5481 .9702

53.65

55.86 0.0058 .9998

Effect of theinitial metal concentration

The uptake of Ni(ll) using Entromorpha corre-
spondingto differentinitia metd (20, 50, 75, 100, 125
and 150(mg/L)) isshowninFigure4. Theincreasein
initial meta concentration, resultsintheincreased up-
take capacity, because of the higher theinitial concen-
trations, thehigher number of molesof Ni(ll) available
tothesurface area. Thissorption characteristicindi-
cated that surface saturation was dependent on theini-
tid metal ion concentrationg®.

60
50
40 -
30
20

q. (mg/g)

10
0

0 25 50 75 100 125 150 175
Cy(mg/L)
Figure4: Theeffect of initial metal concentration on Ni(l1)

by Entromor pha
Equilibriumisotherm

Moddling of equilibrium datawas done using most
widely used Langmuir and Freundlich isotherm mod-
el §26,27] .

InTABLE 2, comparison between Langmuir and

Inthesolid-liquid sorption process, the solute transfer
Is usually characterized by external mass transfer
[boundary layer diffusion), or intra-particlediffusion,
or both.

Theexternd masstransfer coefficient, B, (cm/s) of
Ni(I1) intheliquid film boundary can be evaluated by
fdlowingequation:

mbop

(E_T_'— 1+:1RL) i 1n(1+mk[_) N (1::;?) ﬁ]‘ 5.t ©)

where C (mg/ L) and C, (mg/ L) are the concentra-
tions of the sorbent at time t and time zero, respec-
tively, K_(L/g) isaconstant defined asthe product of
the Langmuir constants. Them (g /L) and Ss(cm?) are
the adsorbent mass and surface area, respectively?8.,
Thecoefficient B, can be cal culated from the sl ope of

1.0
_ .
= 2 y=-0.0117x - 1.076
= \ R? = 0.9024
i 14
T e ¢
= S
J T
3 .18
£

-20 |

0 20 40 60

t (min)
Figure5: Theplot for evaluatingthemasstransfer through
theboundary film

TABLE 2: Comparison of Langmuir and Freundlich isother m parameter sfor Ni(l1) uptake by Entromor pha

Condition Langmuir isotherm parameters Freundlich isotherm parameter s
Co(mg/L) Omax(MY/Q) K(L/mg) R* Ki(mg/g) Un R’
150 161.3 0.007153 .9969 1.067 1.083 .9822
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theregressionlineof theplot of In[(C/C)”(1/(1+mK ))]
versust. AsshowninFigure5, nolinear relaionisob-
served and theregression coefficient waslow. Thisre-
sult clearly indicates that the uptakerate is not con-
trolled by masstransfer through aliquid film boundary
such asconvective masstransfer.

Theposshility of intra-particular diffusonisexplored
by falowing equation:

1

q, = kgstz 4+ C )
where C(mg/g) istheintercept and K . (L/mg) isthe
intra-particlediffusion rate constant. Thevauesof g,
(mg/g) correlated linearly with va ues of tY2(minY?)and
therateconstant K . (L/mg) directly eval uated fromthe
dopeof theregression lind??. Thelarger theintercept
isthehigher thethickness of theboundary layer against
to theexternal masstransfer. Asshown in Figure 6, no
linear relation is observed and the regression coeffi-
cient waslow. Thisresult clearly indicatesthat the up-
takerateisnot only intra-particlediffusion for solute
transfer.

60

55

* . /(’
50 -
g 45 _—
= . y=24542x + 36.129
40 R2=0.9206
35
30 a ‘
2 3 4 5 6 7 8

t V2 (min 12)

Figure6: Theplotsfor evaluatingintra-particlediffusion
rateconstant

Thus, the uptake of nickel ionscan be controlled
by both the masstransfer through the boundary film
and theintra-particular masstransfer.

CONCLUSION

Theuptakeof Ni (11) showed anmaximumin pH=7.
The strong pH dependence of Ni(ll) biosorption ob-
served in this study could be attributed to more pro-
nounced el ectrostati ¢ attraction taking place between
the biosorbentsand the metal ions. Increase uptake of

Ni (1) with theincrease of a gae quantity could be due
to theformation of biosorbent aggregatesat higher bio-
mass concentration, whichinturn could reducethe ef-
fective surface areaavailablefor thebiosorption. The
biosorbent showed a different adsorption capacity,
which might presumably be dueto the presence of the
different number of cell surfacebinding sites. Thead-
sorption kinetic data can be described by the pseudo
second-order kinetic models. Also, theequilibrium data
of adsorptionarein good agreement withthe Langmuir’s
model. Moreover, both the masstransfer through the
boundary film and theintra-particular masstransfer are
important for solutetransfer.

ACKNOWLEDGMENT

Wearegrateful to Persian Gulf University Council
for their financid support.

REFERENCES

[1] S.K.Papageorgiou, F.K.Katsaros, E.PKouvelos,
JW.Nolan, H.L.Deit, N.K.Kanellopoulos, Heavy
metal sorption by calciuma ginate beadsfrom Lami-
naria digitata. J.Hazard.Mater, 137, 1765-1772
(2006).

[2] K.Vijayaraghavan, R.J.Jegan, K.Palanivela,
M .Velan; Copper removal from agueous solution
by marine green alga Ulva reticulate.
Electron.J.Biotechn, 7(1), 47-54 (2004).

[3] M.Tsezos, B.Volesky; The mechanism of uranium
bi osorption by RhizopusArrhizus?7.Biotech.Bioeng.,
24, 385-401 (1982).

[4] K.H.Chong, B.Volesky; Description of two metal
biosorption equilibria by Langmuir-type models.
Biotech.Bioeng., 47, 451-460 (1995).

[5] B.Volesky, |.Prasetyo; Cadmium removal in a
biosorption of Colurrm.Biotech.Bioeng, 43, 1010-
1015 (1994).

[6] B.Volesky, Z.R.Holan; Biosorption of heavy met-
as. Biotech.Prog., 11, 235-250 (1995).

[7] R.John, PAhmad, K.Gadgil, S.Sharma; Effect of
cadmium and lead on growth, biochemical param-
eters and uptake in Lemna polyrrhiza L.Plant Soil
Environ., 54(6), 262-270 (2008).

[8] B.Benguella, H.Benaissa; Cadmiumremoval from
aqueous sol ution by chitin: Kinetic and equilibrium
studies. Wat.Res., 36, 2463-2474 (2002).

CHEMICAL TECHNOLOGY
Au Tudian Yournal



CTAIJ, 9(2) 2014

Mahmood Niad and Saeid Zaree 53

[9] V.M.Boddu, K.Abburi, J.L.Talbott, E.D.Smith,
Removal of Cr(VI) from wastewater using a new
composite Chitosan biosorbent.,
Environ.Sci.Technol., 37, 4449-4456 (2003).

[10] A.Esmaeili, S.Ghasemi, A.Rustaiyan; Removal of
hexavalent chromium using activated carbons de-
rived from marine algae Gracilariaand Sargassum
Sp.J.of Marine Sci.and Technol., 18(4), 587-592
(2010).

[11] I.Langmuir; The constitution and fundamental prop-
erties of solids and liquids JAm.Chem.Soc., 38,
2221-2295 (1916).

[12] H.M.F.Freundlich; Uber die adsorptioninlosungen.
Zeitschrift fur physikalische Chemie, 57(A), 385
470 (1906).

[13] C.Green-Ruiz,; V.Rodriguez-Tirado, B.Gomez-Gil;
Cadmiumand zinc removal from agueous solutions
by Bacillusjeotgali: pH, salinity and temperature
effects. Bioresouce Technol., 99, 3864-70 (2008).

[14] M.A.Shaker; Thermodynamic profile of some
heavy metal ions adsorption onto biomaterial Sur-
facesAm.J. Applied Sci., 4, 605-612 (2007).

[15] Y.Vijaya, S.R.Popuri, V.M.Boddu, A.Krishnaiah;
M odified chitosan and cal cium a ginate biopol ymer
sorbents for removal of nickel (I1) through
adsorption.Carbohyd.Polym., 72(2), 261-271
(2008).

[16] E.Fourest, J.Roux; Heavy metal biosorption by fun-
gd Mycdlial by-product: Mechanismsandinfluence
of pH. Appl.Micro.Biotech., 37, 399-403 (1992).

[17] E.Fourest, C.Canal, J.C.Roux; Improvement of
heavy metal biosorption by mycelial dead biomasses
(Rhizopus arrhizus, Mucor miehei and Penicillium
chrysogenum): pH control and cationic activation.
FEMS Microbiol Rev., 14(4), 325-332 (1994).

[18] S.Kalyani, R.Srinvasa, A.Krishnaiah; Removal of
Ni(l1) from aqueous solutions using marine
macroal gae as the sorbing biomass. Chemosphere.,
57, 1225-1229 (2004).

[19] T.A.Davis, B.Volesky, R.H.S.F.Vieira;, Sargassum
seaweed as biosorbent for heavy metals. Wat.Res.,
34, 4270-4278 (2000).

[20] E.O.Harris, G.S.Ramelow; Binding of metal ions
by particulate biomassderived from ChlorellaVul-
garis and Scenedesmus Quedricanda.

—= Full Paper

Env.Sci.Tech., 24, 220-228 (1990).

[21] H.R.Christ, K.Oberholser, N.Shank, M.Nguyen;
Nature of bonding between metallicionsand algal
cell walls. Environ.Sci.Technol., 15, 1212-1217
(2003).

[22] R.GWilkins; Kineticsand mechanism of reactions
of transition metal complexes. 2™ Edition. Wiley-
VCH Verlag GmbH & Co. KGaA, 65-130 (2002).

[23] S.Lagergren; Zur theorie der sagenannten adsorp-
tion geloster stoffe. Kungliga Svenska
Vetenskapsakademiens Handlinger, 24(4), 1-39
(1898).

[24] Y.S.Ho, GMcKay, D.A.J.Wase, C.F.Foster; Study
of the sorption of divalent metal ions on to peat,
Adsorp. Sci.Technal., 18, 639-650 (2000).

[25] M.A.Hanif, R.Nadeem, H.N.Bhatti, N.R.Ahmad,
T.M.Ansari; Ni(ll) biosorption by Cassia fistula
(golden Shower) biomass. J.Hazard.Mater, 139,
345-355 (2007).

[26] S.V.Gokhale, K.K.Jyoti, S.S.Lele; Kinetic and equi-
librium modeling of chromium (V1) biosorptionon
fresh and spent Spirulinaplatensis/Chlorelavulgaris
biomass. Bioresource Technol., 99, 3600-3608
(2008).

[27] V.J.PVilar, C.M.S.Botelho, R.A.R.Boaventura;
Copper removal by algae Gelidium, agar extraction
agal waste and granulated algal waste: kineticsand
equilibrium. Bioresource.Technal., 99, 750-762
(2008).

[28] V.K.Gupta, M.Gupta, S.Sharma; Process devel op-
ment for the removal of lead and chromium from
agueous solutions using red mud an aluminum in-
dustry waste. Wat.Res., 35, 1125-1134 ( 2001).

[29] Y.S.Ho; Removal of copper ions from aqueous so-
lution by tree fern. Wat.Res., 37, 2323-2330
(2003).

) CHEMICAL TECHNOLOGY

Hn Tndéan g%wumé



