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Abstract: The ability of Clinoptilolite powder to adsorb Ni (II) ions from wastewater which was taken from a
nickel plating factory was investigated through batch experiments. The Ni (II) adsorption was found to be
dependent on mass of adsorbent, contact time, pH value of solution and the speed of agitation. The
experimental isotherms data were fitted into Langmuir and Freundlich models. The monolayer adsorption was
determined since the data were best fitted to the Langmuir isotherm. The kinetic process of Ni (II) adsorption
on Clinoptilolite powder obeys pseudo-second order rate. The Clinoptilolite powders investigated in this study
exhibited a high potential for the removal of Ni (II) from nickel plating wastewater.
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INTRODUCTION adsorbing surfaces but unlike some zeolites, appear

Heavy metal pollution occurs in many industrial method  for wastewater treatment is adsorption process
wastewaters such as those from factory producing dyeing by using unmodified adsorbents like natural zeolite.
operations, metal plating facilities, mining and The formula expressing the general composition of
metallurgical engineering, electroplating, etc. Nickel zeolites has been published in many forms. The original of
platting wastewater is one of the sources that can zeolite formula is M [mAlO •nSiO ]•qH O [3]. Zeolites
contribute to the heavy metal pollution. Ni (II) is often to consist of more than 40 natural species and among which,
be found in the wastewaters with high concentration clinoptilolite is the most abundant porous crystal  mineral
which is up to 800mg/L [1]. However, the discharge limit and is  widely used in the world [4]. There are a lot of
of Ni (II) in the wastewater is only 5mg/L. Consequences voids and holes in the clinoptilolite framework, which can
of Ni exposure can vary from skin irritation to damage to entrap and enclosure molecules with different shape and
the lungs,  nervous  system and mucous membranes. size by ion exchange and molecular sieving [5]. It is also
Some Nickel compounds are also known as carcinogens. important that clinoptilolite is environmentally friendly to
Therefore,  the  removal  of  excessive Ni ions from be used as an adsorbent for heavy metal removal in
wastewater is essential. The conventional methods that aqueous solution. Its application is prospecting.
typically involve process of eliminating the ions are
coagulation, precipitation and such methods always have MATERIALS AND METHODS
disadvantages in sludge treatment and extra operational
costs [2]. Materials, Reagents and Instruments

It has been reported that some aquatic plants, Materials: The clinoptilote powders (composition as
agricultural byproducts, sawdust, clay, turba which is a K Na Ca(AL Si O )•21H O) supplied from the
partially decomposed vegetable and microorganisms have Netherlands were used as the adsorbents in the whole
the capacity to adsorb and accumulate heavy metals, experiments. That wastewater studied in this project was
moreover, activated alumina, silica gel, activated carbon, collected from a nickel plating factory.
molecular sieve carbon and polymeric adsorbents are also
applied. Most adsorbents need modification and have Reagents:  That  0.1  M  sodium hydroxide (NaOH) and
their own characteristics in porosity, pore structure and 0.1 M acid hydrochloric (HCl) were used in the research.

naturally.  Generally, the convenient and economic
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Instruments: The morphologies of the adsorbents were
observed by Scanning Electron Microscope (SEM),
Hitachi S-3400N. The sample was directly tested by SEM
without any  pre-treatment.  Nickel  ions  concentrations
in solution were analyzed by Atomic Adsorption
Spectrophotometer (AAS), iCE series AA, U.S.A. The
weights of adsorbents were weighed by XT 220A
Analytical Balance, Switzerland. The suspension was
stirred  by  Fisher  Scientific  Magnetic  Stirrers, U.S.A.
The pH value of each solution was determined by Eutech
pH meter, Singapore.

Experimental Procedure
Dilution of Wastewater Sample: The concentration of the Fig. 1: SEM image of clinoptilolite
nickel plating wastewater was diluted to 25 mg/L in study
because adsorption is suitable for secondary step to
further treat the remaining heavy metals in wastewater
where ions concentration is not high to meet the
environmental standards.

Batch Adsorption Experiment: The adsorption
experiments were performed in a batch mode in a 50 mL
beaker  filled  in initial 25 mg/L Ni (II) sample solution.
After adsorption,  the  suspension  was centrifugedat
6000 rpm to separate the solid and liquid phase. The
remaining concentration of Ni (II) in the aqueous phase Fig. 2: Effect of the mass of clinoptilolite on the removal
was analyzed by AAS. of Ni (II)

The experiments were carried out by varying the
amount of  adsorbent  (0-6 g),  contact time (0-120min), Effect of Operational Conditions
pH  of  solution  (pH 0-10)  and  the  speed   of  agitation Effect of Adsorbent Mass: The effect of the clinoptilolite
(0-1000rpm). The capital amount of adsorbed metal was mass was studied at temperature 298K by varying the
calculated according to equation below: adsorbent amounts from 0 to 6g. That initial concentration

(1) respectively.  Figure  2  showed  that  the  adsorption  of

Where q  is the mass adsorption of Ni (II) per unit mass of of clinoptilolite at beginning from 0 to 4 g is due to hight

adsorbent (mg/g), C  and C  are the initial and real time Ni availability of surface area of adsorbents and highi t
2+

concentration (mg/L), respectively, V (L) is the volume of concentration of the adsorbates. Further addition of the
the solution and m (g) is the mass of adsorbent. The adsorbent beyond 4 g does not cause any significant
following equation has been used to compute the change in the adsorption capacity since adsorbate
percentage removal of Nickel (II) ions from the solution: concentration has dropped and overlapping of active

(2) it shows 4g adsorbent per 50 mL 25 mg/L Ni (II) solution

RESULT AND DISCUSSION without any agitation.

Material Characterization of Adsorbent: SEM of Effect of Contact Time: Adsorption of Ni (II) was
clinoptilolite reveals the surface morphology of the measured at a range of contact time from 0 to 120 min with
adsorbent. The image was taken on the external surfaces initial nickel concentrations of 25 mg/L and pH 7. From
of the clinoptilolite sample. The micro pores structure Figure 3, the plot also reveals that the rate of Ni (II)
could be obviously observed in Figure 1. removal  is higher at the beginning, same reason explained

of Ni (II) solution and pH were fixed to 25 mg/L and 7,

Ni (II) ions increased rapidly with increase in the amount

sites for adsorption without agitation [6]. From the results,

will be the limit ratio for adsorbent dosage application
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Fig. 3: Effect of contact time on removal of Ni (II)

Fig. 4: Effect of pH on the removal of Ni (II)

Fig. 5: Effect of agitation speed on the removal of Ni (II)

in section 3.2.1. The increasing contact time ensures the of 6. At pH lower than 6, clinoptilolite surface will be
nickel  adsorption efficiency and it remained constant covered with H  ions, harsh for ion exchange with Ni (II)
after 60 min and came to maximum value which was at active sites. Generally, the acidification of the aqueous
around 60%. Consequently, a contact time of 60 min was phase leads to an increase of proton occupying the active
chosen for the next Ni (II) removal experiments in this sites in the adsorbent structure [7]. At higher pH the
research. competition of H  ions is decreasing and Ni (II) ions can

Effect of pH: The pH varied from 0 to 10 effect of pH was sites in the clinoptilolite. Hence, pH 6 was chosen as the
found to be significant on the percentage removal of Ni optimum pH value for this adsorption process and when
(II) ions by clinoptilolite. The percentage removal of Ni (II) pH is larger than 8, removal efficiency begins to increase
increased with increasing pH and found to be max at pH since precipitation of Ni (II) happens.
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be adsorbed by the less or neutral charged surface active
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Fig. 6: The adsorption isotherm for Ni (II) on clinoptilolite

Fig. 7: Linear Langmuir isotherm for ion exchange of Ni (II) by clinoptilolite

Effect of Agitation Speed: The effect of agitation speed At 298K  with  4 g  adsorbent, 60 min contact time,
for adsorption process has been conducted by varing the 250 rpm agitation speed and pH 6, the adsorption capacity
values of speed from 0 to 1000rpm with initial Ni (II) varies  from  0.08 mg  Ni g  (for C  = 10 mg/L) to 0.23 mg
concentration of 25 mg/L and time contact of 60 min Ni g   (for C  = 80 mg/L). The equilibrium data from
followed by 4g of clinoptilolite. The Ni (II) removal Figure 6 were converted into isotherm forms as Langmuir
efficiency was raised by around 10% between 250 to and Freundlich models.
500rpm. The increased speed of agitation might increase The Langmuir model is based on the assumption that
the movement and collision between the adsorbent and Ni the maximum adsorption occurs when a saturated
(II) ions for ion exchange. After adsorption saturation, the monolayer of solute molecules is present on the
removal efficiency of Ni (II) ions becomes constant and adsorbent surface and the energy of adsorption is
even drops due to fixed-directional movement of constant and there is no migration of adsorbate molecules
adsorbent particles and Nickel ions at very high agitation in the surface plane [1]. The Langmuir isotherm is given
speed which reduces the collision possibility. by equation (3), plotted in Figure 7.

Determination of Adsorption Isotherms: The isotherms (3)
may indicate how the metal ions are partitioned between
the adsorbent and liquid phases at equilibrium as a The Freundlich isotherm model is an empirical
function of increasing the metal concentration. relationship describing the adsorption of solutes from a
Adsorption data are usually described by adsorption liquid to a solid surface and assumes that different sites
isotherms, such as Langmuir, Freundlich and linear with several energies are involved. Freundlich adsorption
isotherms [8]. Linear isotherm is seldom used now. isotherm equation is representing by equation (4) and the

Figure 6 shows the adsorption isotherms under data were plotted in Figure 8.
various initial concentrations of Ni (II) ions on
clinoptilolite at 298K. (4)

1
o

1
o
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Fig. 8: Linear Freundlich isotherm for ion exchange of Ni (II) by clinoptilolite

Fig. 9: Pseudo-first orderfit for Ni (II) adsorption onto clinoptilolite at 298 K

Fig. 10: Pseudo-second-order fit for Ni (II) adsorption onto clinoptilolite at 298 K

Table 1: Langmuir and Freundlich constants and correlation coefficients of
isotherm models at 298K

Langmuir Isotherm Freundlich Isotherm
--------------------------- --------------------------

Temperature (K) q K R 1/n K Rm L f
2 2

298 0.3653 31.2237 0.9809 0.4712 0.0341 0.8911

The Langmuir and Freundlich adsorption constants
calculated from the corresponding isotherms with the
correlation coefficients are in Table 1. The Ni (II)

adsorption was fitted best to the Langmuir isotherms
according to correlation coefficients R  which is2

approximately  to  1  and it shows that theoretical
maximum value of Ni (II) adsorption capacity (q ) bymax

clinoptilolite at 298K is 0.3653mg g 1. Moreover, the1

removal of Ni (II) ions on the clinoptilolite surface forms
a monolayer more than a multiple layer since the
adsorption follows well the Langmuir isotherm in a diluted
suspension.
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