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Abstract

The main parameters influencing Nickel (II) metal sorption on maple sawdust were: initial metal ion concentration, amount of adsorbent,
and pH value of solution. The maximum percent metal removal was attained after about 1 h. The greatest increase in the rate of adsorption of
metal ions on sawdust was observed for pH changes from 2 to 5. An empirical relationship has been obtained to predict the percentage Nickel
(I1) removal at any time for known values of sorbent and initial sorbate concentration. The experimental results provided evidence for chelation
ion exchange as the major adsorption mechanisms for binding metal ions to the sawdust. The adsorbent can be effectively regenerated usinc
0.1 M strong acid and reused.
© 2004 Published by Elsevier B.V.
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1. Introduction tions of Nickel (I1) of 1.0, 3.0, 5.0, and 10.0 mg/L were used.
The untreated maple sawdust was used as an adsorbent in the
In recent years considerable attention has been devoted tdench-scale studies. Typically, 1.0-5.0 g sawdust was added
the study of removal of heavy metal ions from solution by in separate flasks each containing 100 mL of the test solution
adsorption using agricultural materials such as waste wool, of Ni. The mixture of the test solution and maple sawdust was
nut wastes, tree barks, modified cotton and sawfi+si]. stirred in a shaker at 80 rpm. Aliquots were taken after 5, 30,
Many agricultural byproducts such as bark and sawdust are60, 180 and 360 min. The suspensions were centrifuged and
low cost (or of no economic value) materials. Sawdust from the Ni concentrations were analyzed using a Perkin-Elmer
timber industry is often considered as waste material and 2100 Atomic Absorption Spectrophotometer.
widely available. Iron impregnated sawdust has been used The adsorption experiments were carried out at room
as an adsorbent for phenolic compounds. Some previous intemperature. Twenty-four hours was judged to be suffi-
vestigations on the removal of heavy metal ion with sawdust cient to reach equilibrium. The pH of the suspension in
have been reportdd@—9]. The present study undertakes the one set of experiments was adjusted with 0.1 M NaOH and
adsorption capacity of maple sawdust for the removal of Ni 0.2 M HNG;.
(1) from aqueous systems.

2. Experimental procedure 3. Results and discussion

The maple sawdust used as an adsorbent was obtained Various mechanisms control the kinetics in the sorption
from a local industry. In each experiment, initial concentra- phenomend10]. Four major rate-limiting steps are gener-

ally cited: (1) mass transfer of solute from solution to the
boundary film, (2) mass transfer of metal ions from bound-
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0304-3894/$ — see front matter © 2004 Published by Elsevier B.V.
doi:10.1016/j.jhazmat.2004.11.025



244

Initial Ni (II) = 1.0 mg/L

S.S. Shukla et al. / Journal of Hazardous Materials B121 (2005) 243—-246

Initial Ni (IT) = 5.0 mg/L
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Fig. 1. Percent removal of nickel (1 ppm) vs. time.

very rapid and non-limiting in this kinetic analysis. The first
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Fig. 3. Percent removal of nickel (5 ppm) vs. time.

Initial Ni (IT) = 10.0 mg/L

and the second steps are external mass transfer resistance | B N O e - 17/
steps, depending on various parameters such as agitation ancs /'* X 5 |——sD20gL
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The sorption ratec) is calculated according to the con- 2 10 - ——SD 50g/L
version: a iy
gt = (Co — Cy)V/m = (1 — C/Co)VCo/m 1) ° ‘ ' ; :
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The sorption kinetics of the experiment is influenced by var- Time (Min)

ious factors. The main parameters influencing metal sorption
were investigated: initial metal ion concentration, amount of
adsorbent and pH value of solution.

Fig. 4. Percent removal of nickel (10 ppm) vs. time.

ter the adsorbed material fosna 1 molecule (actually ion)
thick layer, the capacity of the adsorbent gets exhausted and
then the uptake rate is controlled by the rate at which the sor-
bate is transported from the exterior to the interior sites of the
adsorbent particles. The data indicates that the initial metal
concentration determines the equilibrium concentration, and
also determines the uptake rate of metal ion and the kinetic
character.

3.1. Effect of time and nickel concentration

The removal of Ni (ll) increases with time and attains
saturation in about 100-200 min. Basically, the removal of
sorbate is rapid but it gradually decreases with time until
it reaches equilibrium. The results for 1.0, 5.0, 10.0, and
25.0 mg/L concentrations of nickel are presenteeigs. 1-4
The plots represent the percentage removal of nickel versus .
the contact time for the initial metal concentrations. The plots 3.2. The effect of sawdust and sorbate concentrations
reveal that maximum percent metal removal was attained af- . ) L.
ter about 1 h of stirring time. The rate of percent removal The effept ofsgwdust concentrations is presentedgnb,
becomes almost insignificant due to a quick exhaustion of !t can easily be 'T’fe_"eo' tha.‘t the percent removal of meta_ll
the adsorption sites. The rate of percent metal removal is lons ihcreases with increasing weight of the sawdust. This

higher in the beginning due to a larger surface area of the 'S due to the greater availability of the exchangeable sites or
sawdust being available for the adsorption of the metals. Af-
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Fig. 2. Percent removal of nickel (3 ppm) vs. time.

Contact Time: 24 hrs, pH=9.0, temperature: 23 C
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Fig. 5. Effect of sawdust concentration on removal of nickel (Il) concentra-
tion of sawdust vs. percent removal of Ni (l1).
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Fig. 6. Effect of pH variation on nickel removal through adsorption on saw- Fig. 7. Langmuir adsorption isotherms of nickel on sawdust.
dust.

) . species and adsorbent particles would lead to increase ad-
surface area at higher concentration of the adsorbent. Thegghiion of metal ions. This is in accordance with the earlier

effect of sorbate concentration is also showRig. 5. Inthe  ohqeryationg14]. Decrease in removal of metal ions at lower
case of low concentrations, the ratio of the initial number of pH is apparently due to the higher concentration &fibhs

moles of metal ions to the available surface area is larger and

h ; ) E)resent in the reaction mixture, which compete with tH& M
subsequently the fractional adsorption becomes independent, < tor the adsorption sites of sawdust. Decrease in adsorp-

of |n|t|al_ concer_1trat|ons. Howe_ver, at higher concentrations tion at higher pH is due to the formation of soluble hydroxyl
the available sites of adsorption become fewer, and hencecomplexes.

the percentage removal of metal ions depend upon the initial

concentration. S
3.4. Adsorption isotherms

3.3. The effect of pH The simplest adsorption isotherm is based on the assump-
tions that every adsorption site is equivalent and that the abil-
The effect of pH is presentedkig. 6. The effectof pHon ity of a particle to bind there is independent of whether or not
adsorption of nickel (Il) was studied at room temperature by adjacent sites are occupied. The data for the uptake of metal
varying the pH of metal solution-sawdust suspension from 1 jons by sawdust has been processed in accordance with a

to 10. In pH range of 1—2, there is little or no adsorption. The linearized form of the Langmuir isotherm equation:
percent adsorption increases in the pH range of 3-9, showing

the maximum adsorption at pH 9, then the percent adsorptionCe/(x/m) = 1/KVm + Ce/ Vm (2

decreases in pH range of 9-10. The greatest increase in the . . i )

rate of adsorption of metal ions on sawdust was observed forWhereCe is the equilibrium solution concentrationm the

pH changes from 2 to 5 for nickel (11). amount adsorbed per unitmass of a_dsorbmhe mass qfthe
The effect of pH can be explained in terms of pk(zero adsorbenty, the monolayer capacity, adan equilibrium

point of charge) of the adsorbeffifl—13] The pHpc of saw- constant that is related to the heat of adsorption by equation:

dustis at 6.0, and below this pH surface charge of the adsor—K — Knexpl/RT 3

bent is positive. On the other hand, at pH less thagypttie 0expl/RT) ®

predominant metal species [Mand M (OHf"~V*]are pos-  whereq s the heat of adsorption. The linear Langmuir equa-

itively charged, therefore, uptake of metals in the pH range tion for nickel on sawdust in distilled water system was de-
of 2-6 is a H—M™ exchange process. The possible sites on termined to be:

sawdust for sorption are due to th€ OOH and-CgHs—OH

groups. Other sites on the modified sawdust can also con-Ce/(x/m) = 3.6657Ce + 5.3368 (4)
tribute to the sorption process. In acidic medium the elec- . . -

tromeric effect of the amide group in sawdust leads to surface and the Langmu_lr plot is shown &ig. 7. The data for th_e
protonation and possesses net positive charge on the surfacéj.lotake of metal lons b.y sawdust was also process ed in ac-
These H ions from the surface are also exchanged with pos- corda_ncg with a linearized form of the Freundlich isotherm
itively charged sorbate species with subsequent coordinationequat'on'

of a metal ion.

An increase in pH above plg. shows a slight increase in
adsorption in which the surface of the adsorbent is negatively whereK; and 1h are Freundlich constants related to adsorp-
charged and the sorbate species are still positively chargedtion capacity and intensity of adsorption, and other param-
As the adsorbent surface is negatively charged as well, theeters is the same as in the Langmuir isotherm. X/ogcan
increasing electrostatic attraction between positive sorbatebe plotted against 10Ge with slope 1h and intercept logc.

logx/m =log K¢+ 1/nlogCe (5)
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