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Abstract: In the present work investigated the sorption of the metal ions 
on waste mould sand, which is solid residue of gray iron foundry 
industry. Waste mould sand can be used as a new sorption material 
for removing some toxic metals from aqueous solution. The system 
variables studied include initial concentration of Ni(II) and Cr(VI) 
ions and agitation time. Metal ion sorption was strongly dependent 
on initial concentration and agitation time. The experimental data 
fitted well to the Freundlich and Langmuire isotherms.

Izvleček: V članku je raziskana absorpcija kovinskih ionov v odpadnem 
formarskem pesku, ki je odpadek v livarnah sive litine. Ta odpad-
ni pesek je lahko uporaben kot absorpcijski material za odstranje-
vanje nekaterih strupenih kovin iz vodne raztopine. Kot preiskane 
neznanke iz sistema so vključene tudi začetne koncentracije ionov 
Ni(II) in Cr(VI) in čas mešanja. Absorpcija kovinskih ionov je bila 
močno odvisna od začetne koncentracije in časa mešanja. Pridoblje-
ni eksperimentalni rezultati se dobro ujemajo s Freundlichovimi in 
Langmuirovimi izotermami. 

Key words: waste mould sand, sorption, nickel ions, chromium ions
Ključne besede: odpadni formarski pesek, sorbcija, nikljevi ioni, kro-

movi ioni



119 ŠTRKALJ, A., MALINA, J., RAđENOVIć, A.

RMZ-M&G 2009, 56

The stricter environmental regulations 
related to the discharge of heavy metals 
make it necessary to develop efficient 
processes for Ni(II) and Cr(VI) ions 
removal from wastewater. Removal of 
hazardous metal ions especially in low 
concentrations from industrial efflu-
ent is of great interest due to the large 
quantity of material processed[7]. The 
main techniques that have been used 
for remove heavy metals from water 
include chemical precipitation, mem-
brane filtration, ion exchange, and sorp-
tion on activated carbon[8–13]. However, 
these methods have limitations such 
as high operational cost in the case of 
sorption by activated carbon. Intensive 
studies have therefore been carried out 
to develop more effective and inexpen-
sive metal sorbents[14]. Natural materi-
als which are available from industrial 
waste products or agricultural opera-
tions can be used as potential inexpen-
sive sorbents[15].

In foundry industry, millions tones 
of spent materials are disposed in the 
world[16]. Over 70 % of the amount of 
the dumped waste materials consists of 
sands. For many years, the spent sands 
generated by foundry industry were 
successfully used as landfill materials. 
But disposal by landfill of spent sands 
is becoming an increasing problem as 
legislation is getting tighter. Also the 
disposal costs by current practices in-
creases rapidly[17]. This waste mould 
sand is composed of fine silica sand, 

Introduction

People are currently exposed to the haz-
ards of various kinds of metal pollution 
in wastewater and drinking water. Pol-
lution has a harmful effect on biologi-
cal systems. Therefore, the elimination 
of toxic metals from aqueous solutions 
is important for protection of public 
health. Heavy metals (Pb, Hg, Cd, Cr, 
Ni, As, etc.) are very toxic and do not 
undergo biodegradation[1]. 

Chromium, which is on the top priority 
list of toxic pollutants, is present in the 
electro-plating, metallurgy, and chemi-
cal engineering wastewater as Cr(VI) 
in the form of oxides species, such as 
chromates (CrO4

2-) and dichromate 
(Cr2O7

2)[2]. Due to its high solubility, 
Cr(VI) is the most hazardous, since it 
can accumulate in the food chain and 
cause several ailments[3, 4]. 

Nickel is also a common toxic pollut-
ant. Acute nickel poisoning by inha-
lation exposure or ingestion of nickel 
carbonyl or soluble nickel compounds 
can lead to headache, vertigo, nausea, 
vomiting, nephrotoxic effects, and 
pneumonia followed by pulmonary fi-
brosis [5]. 

Nickel ions are frequently encountered 
together in industrial wastewaters (e.g. 
from mine drainage, plating plants, 
paint and ink formulation units, porce-
lain and metal enamellings)[6].
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clay binder, organic carbon, and resid-
ual iron particles. Because of their po-
tential sorptive properties, waste mould 
sand can using as a low cost sorbent[18]. 
In this work, waste mould sand, was 
studied as non-conventional and low-
cost sorbent for nickel and chromium 
ions from aqueous solution.

Materials and methods 

Waste mould sand which is solid resi-
due from gray iron foundry production 
was used as sorbent.

For analysis, a representative sample 
of waste mould sand was obtained by 
a quartering technique. It was dried at 
105 °C for 4 h. The chemical compo-
sition of the sample was determined 
by atomic adsorption spectroscopy 
AA-6800, Shimadzu. Mineralogical 
composition was determined by XRD 
method using a Philips PW 1830.

Batch experiments were performed 
in order to evaluatie the rate of Ni(II) 
and Cr(VI) removal in the presence 
of waste mould sand under different 
initial Ni(II) and Cr(VI) concentra-
tions. One gram of waste mould sand 
was placed in contact with 50 mL so-
lutions of different concentrations of 
the aqueous Ni(II) and Cr(VI) solution 
for a period of (0.5; 1; 1.5; 2 and 3) h 
on mechanical shaker. The concentra-
tion of free Ni(II) and Cr(VI) ions after 

sorption was determined spectropho-
tometrically (model Camspec M-107) 
using standard procedure[19].

The mass of metal ions solute sorbed 
per 1 g of sorbent, sorption capacity (q/
(mg/g)) was calculated using equation 
(1): 

V
m
cq ⋅∆=    (1)

where is:
Δc – mass concentration of metal ions, 
mg/L
V - volume of solution, L
m - sorbent mass, g

The Langmuir and Freundlich iso-
therms are used to interpret sorption 
equilibrium data[20]. Their equations are 
commonly used for describing differ-
ent sorption systems. The linear equa-
tion of Langmuir and Freundlich are 
represented as follows (equations (2) 
and (3), respectively): 

memLe qcqKq
111 +

⋅⋅
=  (2)

where is:
qe - the mass of metal ions solute sorbed 
per 1 g of sorbent, sorption capacity, 
mg/g
ce - the equilibrium concentration of 
metal ions, mg/L
qm - saturation sorption capacity of the 
waste mould sand, mg/g
KL - Langmuir constant 
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(3)

where is:
qe - the mass of metal ions solute sorbed 
per 1 g of sorbent, sorption capacity, 
mg/g 
ce – the equilibrium concentrations of 
metal ions, mg/L 
KF  and n - Freundlich constants

The free energy of sorption (ΔG°) can 
be related to the equilibrium constants 
KL/(L/mg) corresponding to the recip-
rocal of the Langmuir constant qm, by 
the van’t Hoff equation:

ΔG° = -RTlnKL  (4)

The removal efficiency (E, %) was cal-
culated using the following relation:

1000 ⋅
−

=
e

e

c
cc

E   (5)

where is: 
c0 – the initial concentrations of metal 
ions, mg/L 
ce – the equilibrium concentrations of 
metal ions, mg/L 

Results and discussion

Characterization of the waste mould 
sand

Table 1 and Figure 1 present chemical 

and mineralogical composition of ex-
amined waste mould sand. The waste 
mould sand is dominated by the mass 
fraction of SiO2 (96.1 %). 

Table 1. Chemical composition of waste 
mould sand

Composition w/%

SiO2 96.1

Fe 2.57

Al2O3 0.85

Ca 0.31

C 0.12

Mg 0.03

Cr 0.009

Mn 0.008

Effect of contact time

The effect of contact time on the uptake 
of Ni(II) and Cr(VI) ions was studied 
in single solutions using differential 
concentrations ((50, 100, 200, 300 and 
500) mg/L). The results obtained can be 
presented as curves q = f(t). Their char-

Figure 1. XRD difractogram analysis of 
waste mould sand
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acteristic form is shown in Figure 2 for 
initial concentration of 300 mg/L. 

The results show that the removal pro-
cess was rapid and the equilibrium 
agitation time for the sorption of Ni(II) 
and Cr(VI) is 3 h. Such results can be 
related by theory from which: a) diffu-
sion across the liquid film surrounding 
the solid particles, b) diffusion within 
the particle itself assuming a pore dif-
fusion mechanism, and c) physical or 
chemical sorption at a site[21].

Effect of initial concentration

The effect of initial concentration of 
Ni(II) and Cr(VI) is shown in Figure 3. 
Results from this plot indicate that re-
moval efficiency E decreases from 18.2 
% to 9.4 % for Ni(II) and from 9.6 % 
to 4.6 % for Cr(VI) as the initial con-
centration is increased from 50–500 
mg/L.

The percentage of sorption metal ions to 
the waste mould sand decreased as the 
initial concentration of metal ions was 
increased from 50 mg/L to 500 mg/L. 
This appears to be due to increase in 
the number of ions competing for the 
available binding sites in the sorbent.

Sorption isotherms

The sorption isotherms are regular, 
positive, and concave to the concentra-
tion axis. Initial sorption is quite rapid, 
which is followed by a slow approach 
to equilibrium at higher metal ion con-
centrations (Figure 4).

Figure 3. Influence of initial concentration 
of Ni(II) and Cr(VI) on the fraction of re-
moval metal ions

Figure 4. Adsorption capacity, qe versus 
equilibrium concentrations of Ni(II) and 
Cr(VI) ions 

Figure 2. Adsorption capacity, qe versus 
contact time for an initial concentration of 
300 mg/L

q e(
m

g/
g/

)
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Figures 5 and 6 show the Langmuire 
and Freundlich sorption isotherms for 
Ni(II) and Cr(VI) sorption on waste 
mould sand. The values of Langmuir 
and Freundlich constants and correla-
tion coefficients were determined and 
are shown in Table 2. 

The correlation coefficients (R2) val-
ues (Table 2) indicate that, generally, 
experimental data were better fitted to 
the Langmuir equation. Langmuir’s 
isotherm model is valid for monolayer 
sorption onto the homogenous sorbent 
surface. Once a sorbate molecule occu-
pies a site, no further sorption can take 

place at that site.  The Freundlich ex-
pression is an empirical based on sorp-
tion on a heterogenous surface[22].
Negative values of ΔG° indicating that 
the spontaneous nature of sorption.

Conclusion

The equilibrium agitation time for the 
sorption of Ni(II) and Cr(VI) is 3 h. Re-
sults indicate that removal efficiency E 
decreases as the initial concentration 
is increased from 50–500 mg/L. The 
sorption data fit in both Freundlich and 
Langmuir isotherms. Langmuire iso-

Figure 5. Langmuire isotherms for sorp-
tion of Ni(II) and Cr(VI) on 20 °C

Figure 6. Freundlich isotherms for sorp-
tion of Ni(II) and Cr(VI) on 20 °C

Table 2. The values of Langmuir and Freundlich constants and correlation coefficients

LAI FAI

KL/(L/mg) qm/(mg/g) R2 –ΔG/(kJ/mol) KF 1/n R2

Ni(II) 2.266 ∙10–3 5.340 0.9982 14.83 32.055 ∙10–3 1.360 0.9651

Cr(VI) 2.796 ∙10–3 2.141 0.9996 14.32 19.197 ∙10–3 1.464 0.9899

1/
q e, 

g/
m

g

ln
 q

e
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therm model shows a better agreement 
with equilibrium data. Negative values 
of ΔG° indicating that the spontaneous 
nature of sorption. Waste mould sand 
indicate better sorption properties for 
Ni(II) than for Cr(VI) ions. The ob-
tained sorption capacity value is prom-
ising in the waste mould sand use as 
efficient low-cost sorbent in Ni(II) and 
Cr(VI) removal from solutions.
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