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Abstract 

The effects of treatment and conditioning on sepiolite for the removal o f  C o  2+ and Ni 2÷ from aqueous solutions were 
investigated by using a batch-type method. Effects of factors such as pH, concentration, stirring time, stirring speed 
and sorbent amount on adsorption were investigated. The initial and final concentrations of heavy metals were 
determined by means of atomic absorption spectrophotometer. Sorption data were interpreted in terms of Langmuir 
equations. The results provide support for the adsorption of these metals onto sepiolite. As a result, the sepiolite studied 
may be used for removal of Co ~+ and Ni 2÷ from aqueous solutions. 
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1. Introduction 

Industrial wastewaters frequently contain high 
levels of heavy metals; thus, in order to avoid 
water pollution, treatment is needed before dis- 
posal. There are numerous sources of  industrial 
effluents leading to heavy metal discharges apart 
from the mining and metal related industries 
[1,2]. Process effluents containing COOI) and 
Ni(II) are often encountered in chemical process 
industries. Cobalt and nickel are well known 
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heavy toxic metals that pose a serious threat to 
the fauna and flora of receiving water bodies 
when discharged into industrial wastewater. In 
spite of strict regulations restricting their careless 
disposal, these metal cations may still emerge in 
a variety ofwastewaters stemming from catalysts, 
electrical apparatus, painting and coating, extrac- 
tive metallurgy, antibaeterials, insecticides and 
fungicides, photography, pyrotechnics, smelting, 
metal electroplating, fertilizer, mining, pigments, 
stabilizers, alloy industries, electrical wiring, 
plumbing, heating, roofing and construction, 
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piping, water purification, gasoline additives, 
cable covering, ammunition and battery industries 
and sewage sludge [3-7]. 

Hydrometallurgical processes of leaching and 
dissolution of such raw materials under pressure 
or atmospheric conditions using HC1 or HzSO 4 
result in leach liquors containing Co(II)and 
Ni(II), making their separation from aqueous 
solutions a challenging task. Using conventional 
methods such as chemical precipitation, oxidation 
and crystallization, it is difficult to separate in a 
simple and economical way. The removal of 
heavy metal pollutants at high concentrations 
from water can be readily accomplished by 
chemical precipitation or the electrochemical 
method. At low concentrations, removal of such 
pollutants is more effectively implemented by ion 
exchange or adsorption on solid sorbents such as 
activated carbon or coal fly ash [8,9]. 

The removal of heavy metal ions from indus- 
trial wastewaters using different adsorbents is 
currently of great interest [10-13]. However, in 
order to minimize processing costs for these 
effluents, recent investigations have focused on 
the use of low-cost adsorbents [ 1 4-19]. There is 
an increasing demand for porous materials as 
adsorbents and catalyst supports. Sepiolite, which 
is a zeolite-like clay mineral, provides a high 
specific surface area. Thus, it has many industrial 
applications as an adsorbent. 

Sepiolite is a hydrous magnesium silicate 
characterized by its fibrous morphology and 
intracrystalline channels. It owes much of its 
industrial applications to its molecular sized 
channels and large specific surface area (more 
than 200 m2g -1) [20]. Sepiolite is used in a variety 
of industries including cosmetics, ceramics, 
detergents, paper and paint. High-capacity values 
were also observed for heavy metal removal and 
wastewater treatment using sepiolite [21,22]. The 
abundance and availability of sepiolite reserves 
together with its relatively low cost guarantee its 
continued utilization. 

Most of the world's sepiolite reserves are 
found in Turkey. Thus it is important to charac- 
terize this clay mineral and evaluate how impor- 
tant physicochemical properties are altered during 
chemical and thermal treatment. Sorption depends 
heavily on experimental conditions such as pH, 
metal concentration, ligand concentration, com- 
peting ions and particle size [23,24]. Sepiolite has 
attracted remarkable attention by its sorptive, 
rheological and catalytic properties, and the use 
of sepiolitic clays is expanding [25-29]. 

The aim of the present investigation was to 
study the adsorption of Co(II) and Ni(II) ions onto 
natural sepiolite by measuring the effect that var- 
ious parameters have on the adsorption process. 

2. Materials and methods 

A natural sepiolite [Mg4Si6Ots(OH).6H20 ] 
sample was obtained from the Mihahccik- 
Eskisehir region of Turkey. The chemical compo- 
sition of the sample was first identified by X-ray 
diffraction, differential thermal and IR spectro- 
photometric analysis. Chemical analysis of the 
sample was carded out on a GE-SPG 7, X-ray 
fluorescence spectrophotometer. The results are 
summarized in Table 1. 

Sepiolite was washed thoroughly with double 
distilled water to remove the dirt and other 
foreign matter and dried at 40°C for a period of 
4-5 h. The samples were 200 mesh particle size. 
Metal removal studies were carded out using 
sepiolite in two different forms: untreated and 
treated samples. Sample 1 is natural sepiolite; 
Sample 2 is treated sepiolite, which is natural 
sepiolite treated with 2 M HC1 solution over a 
period of 24 h. After washing, the sample was 
dried at 105°C for 1 h. 

Stock solutions of cobalt and nickel were 
prepared in bi-distilled water using the analytical 
reagent grade COC12.6 H20 and NiSO4.7H20. The 
exact concentration of metal ions was verified by 
atomic absorption spectrophotometry (AAS). 
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Table 1 
Chemical analysis of natural sepiolite 

Component % 

SiO2 58.7 
MgO 25.0 
AI:O 3 0.5 
CaO 0.5 
(FeO+ Fe203) 0.05 
TiO 2 0.05 
NazO 0.05 
MnO Not detected 
P20~ Not detected 
Loss of ignition 14.8 

different concentration, sepiolite amotmt, stirring 
speed, stirring time and pH of solutions. Opti- 
mum conditions were determined for sepiolite. 
The results are given in Figs. 1-5. The depen- 
dence of metal ion sorption on sepiolite amount 
was studied by varying the sorbent amount from 
0.2 to 2 g while keeping the volume, 100 ml, of 
the metal solution constant for 30 min stirring 
time. 

The results indicate that adsorption percentage 
did not change much with increasing amounts of 
sepiolite. Therefore, 0.4 g of the sepiolite was 
used for all further studies. In the goal to deter- 

The adsorption of Co(II) and Ni(II) on sepio- 
lite samples was studied by a batch technique. 
The effects of  factors such as pH, concentration, 
stirring time and sorbent amount on adsorption 
were investigated. The general method used for 
these studies is described below. The batch 
adsorption experiments were carried out by shak- 
ing known amounts of sepiolite with 100 ml 
aqueous metal solutions of 1-100 mgL-l concen - 
tration at various pHs (1-10) and at room 
temperature (20+2°C) in several stoppered 
bottles for retention times varying from 15 to 
180 min at different stirring speeds (50-2 50 rpm). 
The study of adsorbent doses was carried out by 
varying the amount of adsorbent (0.2-1 g). 

Sepiolite samples were well dispersed in 
aqueous metal solutions. At the end of the pre- 
determined time interval, the adsorbent was 
removed by filtration (the supernatant solution 
was filtered through a 0.45 ~tm microporous 
membrane filter), and the final concentration was 
determined in the filtrate by AAS using an air- 
acetylene flame. Optimum conditions were deter- 
mined for both metals. 

3. Results and discussion 

The adsorption behavior of Co(II) and Ni(II) 
ions on sepiolite samples was determined at 
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Fig. 1. Effect of sorbent amount on metal sorption 
(10 mgLt/100 ml, pH 5,250 rpm). 
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Fig. 2. Effect of stirring speed on metal sorption (0.4 g, 
10 mgL -~, pH 5). 
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mine the optimal speed of stirring, the depen- 
dence of metal sorption on stirring speed was 
studied by varying the stirring speed from 50 to 
250 rpm for 30 min. Fig. 2 shows the effects of 
stirring speed on metal adsorption. The percen- 
tage of adsorption values are slowly increased 
with increasing stirring speed. The 250 rpm stir- 
ring speed was selected as the optimum for all 
metals. 

Fig. 3 shows the sorption of Co(II) and Ni(II) 
ions of natural sepiolite (0.4 g) as a function of 
contact time by varying from 0 to 180 min for an 
initial concentration of 100 ml heavy metal ions. 
The percentage of adsorption values were slowly 
increased with increasing stirring speed and 
contact time. The effect ofpH on the sorption of 
Co(II) and Ni(II) on sepiolite was studied by 
varying the pH of the metal aqueous solution- 
sepiolite suspension from 1 to 10. 

The pH dependence of Co(II) and Ni(II) 
uptake onto natural sepiolite is shown in Fig. 4. 
The percentage of adsorption was increased by 
increasing pH values for Ni(II), but it remains 
almost constant up to pH 4 for Co(II), beyond 
which it increased sharply after this pH for both 
ions. For both metals a decrease in sorption is 
produced with a decrease in pH. In general, 
protons can mainly compete with metal cations 

for sorption variable charge sites, Sepiolite, due 
to its structure and morphology, has a great 
number of terminal silica tetrahedrons present in 
its external surfaces and consistently also a great 
number ofsilanol groups. Therefore, the decrease 
in sorption with the decrease in pH has to be 
mainly associated with the suppression of sorp- 
tion on these groups. Heavy metal ions tend to 
form a precipitate at pH higher than 6.0, and 
therefore adsorption by zeolite is difficult to 
quantify at the higher pH value of 6.0; the "true" 
adsorption at this pH is masked by precipitation 
[30]. 

The sorption of COOI) and Ni(II) on modified 
sepiolite as a function of their concentration was 
studied by varying the metal concentration from 
1 to 100 mgL -1, while keeping all other para- 
meters constant. When the effect of initial metal 
concentration was investigated, adsorption 
percentage for both metals decreases with 
increasing bulk metal concentration in the 
aqueous solutions until 50 mgL ] concentration 
value. After this concentration value adsorption 
percentage was a little increased for Ni(II) but 
adsorption percentage for Co(II) was almost 
stayed stable. 10 mgL "~ concentration was chosen 
as the optimum studying concentration for Co(II) 
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Fig. 3. Effect of stirring time on metal sorption (0.4 g, 
10 mgL -1, pH 5, 250 rpm). 
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Fig. 5. Effect of initial concentration on metal sorption 
(0.4 g, pH 5,250 rpm). 

Fig. 6. Adsorption isotherms of metals for activated 
sepiolite with HC1. 

and Ni(II). The adsorption percentage of treated 
sepiolite sample was higher than untreated form 
of sepiolite. 

Fig. 6 shows the adsorption isotherm of heavy 
metal ions on modified sepiolite. A study of the 
variation of the initial heavy metal concentration 
at a fixed amount of 0.4 g/100 ml was carried out 
at room temperature for natural and modified 
sepiolites. The adsorption isotherms for Co(II) 
and Ni(II) sorption on sepiolite were obtained for 
modified sepiolite sample at various metal bulk 
concentrations from 1 to 100 mgL -] while keep- 
ing all other parameters, i.e., shaking time, stir- 
ring speed, pH, sepiolite amount as constant. The 
contact time was 180 min for the equilibrium 
experiments. The sorption data of cobalt and 
nickel ions have been correlated with Langrnuir 
model. Sorption data have been interpreted in 
terms of Langmuir equation, X/M = (KbCe)/ 
(1 + KCe) where X/M is the amount of solute 
retained per unit weight of  the sorbent, Ce is the 
equilibrium concentration of solute remaining in 
the solution, K is the equilibrium constant 
(affinity term) and b represents the maximum 
amount that can be sorbed. The results provided 
support for the adsorption of these metals onto 
sepiolite and they were found to fit by Langmuir 

isotherms for small C e values. When Ce values 
were small, X/M should increase linearly; but 
with increasing Ce values, X/Mvalues decreased, 
Although the Langmuir model fit the experi- 
mental data for small equilibrium concentrations, 
it failed to predict the saturation behavior attained 
at higher concentrations. 

The sorption capacity shown by sepiotite for 
both metals and mainly the retention mechanisms 
involved in such sorptions suggest that this 
mineral could be an effective amendment to 
removal of these metals from different industrial 
wastewaters. 
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