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SUSTAINABLE ADSORPTIVE REMOVAL OF NICKEL AND CHROMIUM 
USING AN ECO-FRIENDLY INDUSTRIAL WASTE: A KINETIC STUDY

Yehia H. Magdy1, Hossam Altaher2, Anwar F. Al Yaqout3

ABSTRACT

Due to the high cost of activated carbon as an adsorbent, there is a growing interest in a search of alternative 
sustainable adsorbents. The objective of this study is to investigate the potential use of fuller’s earth (a solid waste 
from vegetable oils industry) as an adsorbent for chromium and nickel ions. 

The adsorption is investigated under different experimental conditions referring to the initial concentration (2 - 12 
mg/L), the adsorbent dose (0.15 - 1.8 g/L), and the contact time (0 - 360 min). The adsorption kinetics is examined 
using the pseudo first order, the pseudo second order, the Elovich, the intraparticle diffusion, and the Boyd models. 
The equilibrium is attained within 240 min. The adsorption of chromium and nickel ions is found to have a chemical 
nature as revealed by the Elovich and the pseudo second order models. The results obtained show that the adsorp-
tion mechanism of chromium ions refers predominantly to intraparticle diffusion, while both intraparticle diffusion 
and  film diffusion are found to control the adsorption of nickel ions.
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INTRODUCTION

Wastewater from industrial facilities around the 
world contains high levels of toxic heavy metals such as 
chromium, lead, mercury, cadmium, nickel, and cobalt. 
This wastewater is usually disposed as surface water. If 
this wastewater is not well treated prior to the disposal, 
it can cause a detrimental impact on the ecosystem and 
consequently on public health. 

Hexavalent chromium which is the toxic form of 
chromium may be found in the effluents of various in-
dustries including fertilizers production, electroplating, 
leather tanning, mining, cement, dyeing, and photog-
raphy [1]. The concentration of hexavalent chromium 

in these effluents may cause severe environmental and 
public health problems. This toxic form of chromium 
may cause acute and chronic adverse effects in warm-
blooded animals [1]. The adverse effects include toxic, 
allergenic, irritant, and carcinogenic one and are harmful 
by all exposure routes [2, 3]. Moreover, chromium has 
an indirect adverse effect due to its bioaccumulation 
behavior, environmental persistence, and carcinogenicity 
[4]. USEPA and the European Union recommend a toler-
ance limit of surface wastewater of  below 0.05 mg/l [1]. 

Even though nickel is an essential element in human 
bodies and for plants growth [5], the excessive nickel 
concentration in the organism is very toxic. Its adverse 
effects include dermatitis, myocarditis, encephalopathy, 
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pulmonary fibrosis, headache, dizziness, nausea and vom-
iting, chest pain, rapid respiration, and lungs cancer [6, 7]. 

Many anthropogenic activities such as metal process-
ing, mining, land-application of sewage sludge are po-
tential sources of wastewater containing this metal [8, 9].

The heavy metals removal from the wastewater 
can be done using physical, chemical, or biological 
techniques. Examples of the treatment techniques refer 
to a chemical precipitation, a coagulation, a membrane 
filtration, an electrochemical treatment, an ion exchange, 
an oxidation by biological means, a catalytic degrada-
tion, and an adsorption [10, 11]. 

Among those, the adsorption is considered the most 
effective methodology. Its advantages include the low 
cost, the flexibility, the simplicity of the design, and 
the ease of operation [12, 13]. In addition, the adsorp-
tion has an effective removal efficiency in respect to 
different pollutants even at low concentrations [14].  
Activated carbon is the most widely used adsorbent.  
However, it has many drawbacks like high production 
and regeneration costs [15, 16].  The critical point in 
selecting an alternative adsorbent is to find a low-cost 
material that is readily available in large quantities and 
has a high removal efficiency in respect to the pollutant 
investigated [17, 18].  

Fuller’s earth is natural clay that is used in the veg-
etable oil industry as a bleaching agent. It has a single 
use in this industry. After the bleaching stage of the 
vegetable oils, the spent fuller’s earth is separated by 
filtration and thrown to dumps [19].

Using solid waste materials as an adsorbent for 
treating wastewater is an economic alternative of the 
activated carbon. The goal of the present research is to 
evaluate the removal efficiency of fuller’s earth as an 
industrial solid waste in respect to chromium and nickel 
present in the wastewater.  Furthermore, the different 
factors affecting the adsorption are studied. Different 
kinetic models are investigated to determine the rate 
and mechanism of adsorption.  

EXPERIMENTAL
Adsorbent

Fuller’s earth was obtained from Oil and Fats 
Manufacturing Factory in Cairo, Egypt. This material 
was used in the oil industry as a bleaching material to 
remove dyes. After the bleaching process, the fuller’s 

earth was separated by filtration and discarded as a 
solid cake. The samples received from the factory were 
covered by oil and fats. To remove these impurities they 
were subjected to prolonged washing with ethanol and 
air-drying at a room temperature. 

Adsorbate
The wastewater was prepared by dissolving chro-

mium and nickel salts (analytical grade) in bi-distilled 
water. The chromium and nickel concentrations were 
determined prior to and after the adsorption by an atomic 
adsorption spectroscopy using a Scan AA4 instrument 
(Thermo Jarrell Ash, Franklin, MA, USA). 

Batch study
A batch adsorber vessel as illustrated in Fig. 1 was 

used in all experiments. The vessel was filled with 1700 
cm3 of the wastewater solution investigated. Batch 
adsorption studies were carried out for chromium and 
nickel removal. The factors studied referred to the ad-
sorbent mass (0.25 g - 2 g equivalent to doses 0.15 g/L 
- 1.18 g/L), the initial concentration (4 mg/L - 12 mg/L), 
and the contact time (0 min - 360 min). A large baker 
containing 1700 mL of wastewater was used to perform 
the batch study. All experiments were conducted at a 
room temperature (25 ± 2oC). The agitation speed was 

Fig. 1. Schematic diagram of the bath adsorber vessel, 
D = diameter of vessel (13 cm), b height of impeller 
blade (0.01 D), Z = height of liquid in vessel (20 cm).
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kept at 400 rpm in all tests. The samples were filtered 
prior to the analysis to separate the adsorbent.

To study the effect of the adsorbent dose, four 
quantities of the adsorbent (0.25 g, 0.5 g, 1.0 g, and 2.0 
g) were used.  The initial concentration of the heavy 
metals in each vessel was adjusted to 10 mg/L. The 
vessels were agitated for 4 h to reach an equilibrium. 
The samples were taken from the beakers and analyzed 
for the respective pollutant. 

A similar series of batch adsorbers were used to 
study the effect of the initial metal concentration. The 
wastewater in every adsorber was adjusted at a certain 
metal concentration (4 mg/L - 12 mg/L) by adding a pure 
metal solution. A fixed mass of adsorbent was added 
to every adsorber. The mixtures were agitated till an 
equilibrium was attained as discussed above.

The effect of the agitation time was tested by the 
same technique. 10 mL samples were taken from the 
tanks at different time intervals, they were filtered and 
analyzed to determine the final concentration. 
Mathematical models

The batch data were analyzed using 5 kinetic mod-
els. They were the pseudo first order, the pseudo second 
order, the Elovich, the intraparticle diffusion, and the 

Boyd model. The linear equations of these models are 
presented in Table 1. 

RESULTS AND DISCUSSION
Characterization of the adsorbent

The fuller’s earth is an economical material that 
is commercially available, eco-friendly, and non-toxic 
[24]. It is a sedimentary clay that has hydrous aluminum 
silicate [(OH4),Si8.O20.nH2O] as its main component 
[25]. The concentration of the hydrous aluminum sili-
cate varies from one ore to another. The other minerals 
that may be present in the fuller’s earth include quartz, 
calcite, and dolomite [26, 27]. Two types of charges 
contribute to the total charge of the clay minerals; the 
structural and the surface one. The structural charge is 
due to ion substitutions and it is permanent. The surface 
charge depends on the pH value [27]. The crystalline 
structure of the clay consists of three layers; two silica 
layers alternating with one alumina or silica one. The 
negative charge on the surface is due to the isomorphic 
substitution of Si4 by Al3 in the tetrahedral sheet [28].  

 In general, the structure consists of layers of tetra-
hedral silicon and octahedral aluminum or magnesium 
bound oxygen and hydroxyls [29]. The properties of the 

Table 1. Equations and parameter and kinetic models. 

Kinetic model Parameters 
 

Reference 

   
Pseudo first order 
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qe, qt (mg/g) are adsorption capacities at equilibrium and at 

any time t (min), respectively; and k1 (min-1) is the rate 
constant of the pseudo first order equation 
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k2 (g/mg.min) is the rate constant of the pseudo second 
order equation, qe (mg/g) is the maximum adsorption 

capacity, qt (mg/g) is the amount adsorbed at time t (min), h 
is regarded as the initial sorption rate when t approaches 0 

 

[21] 

Elovich 
tBBBqt ln/1)ln(/1 += α  

α (mg/g min) is the initial adsorption rate and B (g/mg) is 
the adsorption constant related to the extent of the surface 

coverage and activation energy for chemisorption 
 

[20] 

Intraparticle diffusion 
Ctkq idt += 5.0  

qt (mg/g) is the amount adsorbed at time t (min), kid 
(mg/g.min0.5) is the rate constant for the intraparticle 

diffusion model, and C (mg/g) is a constant related to the 
boundary layer resistance to diffusion 

 

[22, 23] 

Boyd model 
)/1ln(4977.0 ett qqB −−−=

 

qe, qt (mg/g) are the amounts of dye adsorbed at equilibrium 
and at any time t (min), Bt is the mathematical function of 

fractional attainment of equilibrium 

[20] 
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fuller’s earth are given in Table 2. An example of the 
molecular structure of aluminum silicate is illustrated 
in Fig. 2. 

	
An effect of the mixing time

The effect of the mixing time on the removal of 
chromium and nickel is illustrated by Fig. 3. It is clear 
that the adsorption uptake increases with the increase 
of the contact time. The equilibrium is attained within 
240 min for both ions. Two adsorption stages can be 
identified. During the rapid initial stage the adsorp-
tion process is fast. Within 60 min 65 % of the nickel 
ions are removed, while 50 % of the final chromium 
concentration is reached within the same time interval. 
After this initial stage, the adsorption proceeds slowly. 
The initial rapid adsorption stage may be attributed to 
the abundance of many active sites existing on the sur-
face of the adsorbent. Fig. 3 indicates that even though 
both adsorption systems have reached the equilibrium 
plateau within the same time (240 min), the adsorption 
uptake of nickel is almost two times that of chromium. 
The concentration gradient, which is high during the 
initial stage, is another reason for the rapid proceeding. 
This concentration gradient acts as a driving force of the 
adsorption and it decreases with time [30].

An effect of the initial concentration
It is clear from Fig. 4 that the increase of the initial 

concentration has a pronounced effect on the adsorption 
capacity. The increase of the chromium initial concen-
tration from 4 mg/L to 12 mg/L results in an increase 
of the adsorption capacity from 3.5 mg/g to 9 mg/g (a 
ratio of around 3). A similar response of this increase 
is observed in case of  nickel ions. An increase of the 
initial concentration from 6 mg/L to 12 mg/L results in 
doubling the adsorption capacity. On the other hand, 
the effect of the initial concentration on the equilibrium 
time is different for the two adsorbates. While the initial 
concentration does not have a significant effect in case 
of chromium ions adsorption, it has a considerable effect 
on that of nickel ions. As evident, the equilibrium time 
increases from 90 min when the initial concentration 
is 6 mg/L to 240 min when the initial concentration is 
increased to 12 mg/L. 

The chemical driving force plays an important role 
in the adsorption process. The high concentration of 
the metal ions (consequently a high driving force) will 
accelerate the adsorption process due to the rapid ions 
diffusion through the adsorbent pores. At later stages 
and with the decrease of the concentration due to the 
adsorption process, the driving force will decrease and 

Fig. 2. Example of Molecular structure of aluminum silicate (the 
main constituent of fuller’s earth). 

Property Value 

Surface area 

Porosity 

Cation exchange capacity 

Exchangeable cations 

Mean equivalent diameters of pores 

Particle size 

120-140 m2/g 

60-70% 

50-200 meq/100 g 

Na+, K+, H+, Mg2+, ca2+,  

190-200 Ǻ 

10 µm 

 

Table 2. Physical properties of fuller’s earth [28].
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consequently, the adsorption rate will decrease. It is clear 
from Fig. 4 that the initial concentration of both ions 
does not affect the initial uptake rate. This is due to the 
availability of a sufficient number of vacant adsorption 
sites incommoding the ions in the solution.  In such a 
case, no competition occurs between the ions [15]. 

An effect of the adsorbent dose
The adsorbent dosage is a critical parameter in 

the adsorption process design. This parameter gives 
an indication of the effectiveness of the adsorbent and 
the ability of the adsorbate to be adsorbed in presence 
of a minimum dosage.  It is clear from Fig. 5 that the 
increase of the adsorbent dose from 0.15 g/L to 1.18 
g/L results in a decrease of the nickel amount adsorbed 
from 49.0 mg/g to 6.88 mg/g.  On the other hand, the 
adsorption removal efficiency in respect to chromium 
increases from 72.05 % to 81 % with the increase of 
the adsorbent dose from 0.15 g/L to 1.18 g/L. It is clear 
that the adsorption capacity of chromium and nickel is 
a function of the adsorbent dose. For chromium, the 
increase of the dose from 0.15 g/L to 1.18 g/L results in 

a decrease of the adsorption capacity from 19.22 mg/g to 
4.6 mg/g.  An increased adsorbent quantity means more 
pores and consequently more available active sites. The 
adsorbates’ ions will not have to compete on a limited 
number of active sites. Moreover, the presence of a large 
amount of an adsorbent in the solution will hinder the 
homogeneous distribution of the adsorbent and some of 
the active sites will not be available.

The small particle sizes of the adsorbent (10 µm) 
has a positive effect on the adsorption of nickel and 
chromium ions. Moreover, as illustrated in Table 2, the 
mean equivalent diameters of the fuller’s earth pores are 
in the range 190 Ǻ - 200 Ǻ (mesopores). Compared to 
the ionic radii of nickel and dichromate ions which are 
0.69 Ǻ and 2.92 Ǻ, the pore diameter of the adsorbent 
does not represent any restriction 

As illustrated by Fig. 5, the relationship between 
the adsorption capacity (q) and the adsorbent dose (D) 
deviates from linearity. The regression coefficients (R2) 
for nickel and chromium ions are found equal to 0.74 and 
0.80, respectively.  The linear relation between q and (D) 
is described  by the equation (q = sD + I). The intercept 

Fig. 3. Effect of mixing time on nickel and chromium 
adsorption.

Fig. 4. Effect of initial nickel (A) and chromium (B) 
concentration on their adsorption.
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(I) represents the maximum adsorption capacity when 
the adsorbent dose approaches zero, while the slope (s) 
is related to the sorption potential of the adsorbent. The 
values of (s) for chromium and nickel adsorption are 
-12.45 and -35.21, respectively. The negative value in 
both cases indicates a decrease of the adsorption capacity 
with an increase of the adsorbent dose [12]. As illustrated 
by Fig. 5 (b) and Fig. 5 (d) the adsorbent dose does not 
have a significant effect on either the adsorption rate or 
the equilibrium time for both ions. 

There is another important factor to be taken into 
consideration in the course of the adsorbent dose discus-
sion. It refers to the large surface area and the negative 
surface charge of the fuller’s earth. The increased adsor-
bent dose provides more active sites for the adsorption 
of the positively charged adsorbates [31].  

 
Kinetic analysis

The kinetic analysis of the adsorption process 
describes the adsorbate uptake rate, the equilibrium 
time required for the adsorption process, and the 
mechanisms of the process. The identification of these 
factors is important in designing and scaling up the 

adsorption.  The rate and the mechanism of the ad-
sorption process are investigated in the present study 
by fitting the experimental data to pseudo first order, 
pseudo second order, Elovich intraparticle diffusion, 
and Boyd models.  

Rate equations
The comparison of the results listed in Table 3 indi-

cates that the pseudo second order kinetic model fits the 
experimental data better than the pseudo first order one. 
This is illustrated by the high R2 values and the confor-
mation between the adsorption capacity (qt,calc) calculated 
on the ground of the model, and the experimental adsorp-
tion capacity(qt,exp). These results reveal that the pseudo 
first order model is not applicable to the adsorption 
kinetics of chromium and nickel ions onto fuller’s earth. 
The observed deviation (in case of a pseudo first order 
model) from the experimental data may be attributed to 
the sharp fall of the ion concentration after the initial fast 
adsorption at the onset of the adsorption process due to 
the availability of a large number of active sites on the 
surface of the adsorbent [32]. Furthermore, the fitting 
of the data to the pseudo-second order kinetic model 
indicates the chemical nature of the adsorption of both 
ions on the adsorbent [33, 34]. Accordingly, a chemical 
bonding takes place between the adsorbate ions and the 
adsorbent active sites [35]. 

The structure of the fuller’s earth as illustrated by 
Fig. 2 can be represented as an indefinitely extended 
sheet of hydrated aluminum silicate. The bonds within 
the crystal lattice structure are covalent. The arrangement 
of the constituents of the crystals (aluminum, silicon, 
oxygen, and hydrogen) gives the structure a relatively 
strong negative charge.  This charge is the key player 
in the adsorption of different cations that may be pres-
ent in the wastewater and consequently it is the factor 
responsible for the chemical nature of the adsorption 
process [36].  

It is also worth noting that a linear relationship is 
observed between the initial concentration and the rate 
constant (k2) of the adsorption process for both chro-
mium and nickel ions (data is not shown). On the other 
hand, this linear relationship is not fulfilled in case of 
the initial rate constant h2. As seen from Table 3, the rate 
constant k2 of nickel is approximately twice that of chro-
mium at all concentrations studied. This may explain 
the higher adsorption capacity in respect to nickel [37].

Fig. 5. Effect of time on adsorption of chromium (A,B) 
and nickel (C,D).
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Model Parameter Nickel, mg/L  Chromium, mg/L 

  6  8 10 12  4 7 10 12 

Pseudo-
First-Order 

          

 qe, calc (mg/g) 3.227 5.583 9.973 11.881  3.337 6.314 9.144 9.590 

 qe, exp (mg/g) 8.5272 11.116 13.585 15.674  3.550 5.750 7.966 8.963 

 K1 (1/min) 0.0103 0.0116 0.0181 0.0161  0.0123 0.015 0.0142 0.0107 

 R2 0.8363 0.8686 0.963 0.9772  0.9861 0.9503 0.9572 0.9334 

           

Pseudo-
Second-
Order 

          

 qe,calc (mg/g) 9.001 11.806 14.619 17.544  4.21 6.949 10.20 11.26 

 qe, exp (mg/g) 8.5272 11.116 13.585 15.674  3.550 5.750 7.966 8.963 

 K2
 (g/ mgmin) 0.0054 0.0038 0.0029 0.0016  0.0038 0.0021 0.0011 0.0009 

 h2 (mg/g. min) 0.4375 0.5297 0.6198 0.4925  0.0674 0.1014 0.1144 0.1141 

 R2 0.997 0.9964 0.9983 0.9879  0.9979 0.9954 0.9848 0.9785 

           

Elovich           

 α (mg/g.min) 11.2959 11.9783 5.9580 4.3890  0.1469 0.2227 0.2534 0.2462 

 β (g/ mg) 0.9435 0.7041 0.4910 0.3949  1.1161 0.6592 0.4559 0.4092 

 R2 0.8822 0.902 0.9078 0.9548  0.9901 0.9897 0.9849 0.9807 

           

Intraparticle 
Diffusion 

          

 kid 0.2829 0.3797 0.4851 0.6417  0.1917 0.3172 0.4497 0.4954 

 C 3.9686 4.9771 5.8359 5.3886  0.3321 0.4813 0.3074 0.0933 

 R2 0.6545 0.6625 0.7406 0.7226  0.9501 0.9385 0.9637 0.9768 

           

Table 3. Kinetic parameters for adsorption of nickel and chromium. 

The Elovich equation is usually used for modeling 
the chemical adsorption processes. It is effective for 
systems with a heterogeneous adsorbing surface [38]. 
This model has been successfully applied to explain 
the adsorption of many species like  metal ions (cobalt, 

nickel, lead, cadmium, copper, and zinc), and dyes in 
aqueous solutions [39].  It contains the parameter β that 
describes the desorption state of the adsorbate on the 
surface of the adsorbent. The experimental data fit well 
to this model as illustrated by Table 3. The values of β 
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introduced in Table 3 indicate a low adsorption rate [40]. 
As observed in case of fitting the experimental data to 
the pseudo-second order model, there is no linear rela-
tionship between the initial concentration of adsorbate 
ions and the initial rate constant of the Elovich model (α) 
for both chromium and nickel ions. Another important 
feature of the Elovich model refers to the relation with 
the adsorbate ion diffusion.  If the experimental data fits 
well to this model, then the diffusion is the rate limiting 
step of  the adsorption process [41]. 

Adsorption mechanisms
The design of a successful adsorption system re-

quires the prediction of the rate controlling mechanism. 
The adsorption of adsorbate molecules/ions in aqueous 
media takes place through four consecutive steps. First, 
the adsorbate species migrate through the bulk of the 
liquid to the stagnant film surrounding the adsorbent 
surface. 

Fig. 6 presents the graphical fittings of the ex-
perimental data to the intraparticle diffusion model for 
nickel while Table 3 introduces the kinetic parameters 
calculated on the ground of this model. As seen from the 
figure the plots referring to the four tested concentrations 
are not linear within the whole time range. That may 
be explained by the presence of more than one process 
affecting the adsorption [42]. Fig. 6 (b) contains the 
lines obtained by fitting the data of nickel adsorption 
to the intraparticle diffusion model (an initial nickel 
concentration of 6 mg/L). The plots show that the ad-
sorption involves three successive stages: external mass 
transference or boundary layer diffusion of adsorbate 
ions, a gradual adsorption stage where the intraparticle 
diffusion is rate determining, and the stage of reaching 

a dynamic equilibrium where the intraparticle diffusion 
slows down due to the extremely low ion concentration 
in the aqueous phase [3, 43]. 

The low values of R2 and the deviation from the origin 
in case of nickel ions adsorption data (for the four tested 
concentrations) suggest that the intraparticle diffusion 
controls the adsorption up to a certain degree, but it is not 
the rate controlling step. Generally,  constant C indicates 
the thickness of the boundary layer - a higher C value 
corresponds to a thicker boundary layer. The value of C 
at an initial concentration of 12 mg/L is equal to 5.3886 
mg/g and 0.0933 for nickel and chromium, respectively. 
This indicates that there is a greater boundary effect in 
case of nickel ions adsorption and hence a greater con-
tribution of the surface sorption to  the rate determining 
step [44]. It must be noted that the increase of the initial 
ion concentration results in an increase of both the rate 
constant and the thickness of the boundary layer. 

Table 3 illustrates the fitting of experimental data 
to the Boyd’s model for nickel ions adsorption. It is 
clear that the dependences are linear with high values 
of R2. That confirms the previously discussed results 
describing the intraparticle diffusion. Accordingly, the 
surface diffusion influences considerably the overall 
adsorption rate. It can be concluded that the fitting of 
the experimental data to the kinetic models reveals that 
both film diffusion andintraparticle diffusion control the 
adsorption of nickel ions on fuller’s earth.

The fitting of the experimental data in case of 
chromium ions adsorption to the intraparticle diffusion 
model for the four tested concentrations shows a single 
regime of a linear behavior. This linearity is maintained 
throughout the adsorption period.

Moreover, the values of C are very near to zero indi-

Fig. 6. Intraparticle diffusion for adsorption of nickel onto fuller’s earth.
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cating that the effect of the boundary layer is minute and 
the intraparticle diffusion is the main controlling factor 
of the adsorption [45]. Regarding the effect of the initial 
chromium ion concentration on the rate constant for the 
intraparticle diffusion model (Kid), it is seen that there is a 
linear relationship between these two parameters (a data 
is not shown). The highest rate is obtained at the highest 
initial concentration due to the high driving force. 

Table 3 indicates that the experimental data fit well 
to the Boyd model. This may indicate that the external 
mass transfer resistance (film-diffusion) has a certain 
effect on the adsorption or is only significant for a very 
short time period at the beginning of the diffusion since 
the boundary layer is very thin. The latter fact is illus-
trated by the intraparticle diffusion model [46]. 

Comparison of the fuller’s earth adsorption capacity 
with that of other adsorbents

Researchers use different experimental conditions 
(e.g. pH, an adsorbent dose, a temperature, an initial 
adsorbate concentration, a stirring speed, a design of the 
adsorption reactor, etc.) and different physic-chemical 
properties of the adsorbents (i.e. porosity, density, a 
particle size, a surface area, a pore size and volume, 
moisture content, etc.) to conduct their adsorption tests. 
Accordingly, different adsorption capacities of a single 
adsorbent can be found in the literature. That is why it is 
difficult to compare the adsorption parameters of a given 

adsorbate [47]. However, some comparisons still can be 
made. Table 4 depicts the comparison of the adsorption 
capacity of the current adsorbent (fuller’s earth) with 
that of other adsorpbents reported in the literature. It can 
be concluded that the fuller’s earth has an adsorption 
capacity comparable to that of many other adsorbents.  

CONCLUSIONS
The adsorption of chromium and nickel ions on 

fuller’s earth is found to be of a chemical nature. The 
experimental data fit well to the pseudo second order 
and the Elovich models.  It can be concluded that the 
chromium ions adsorption is predominantly controlled 
by  intraparticle diffusion, while external and internal 
diffusion control the adsorption of nickel ions. The ad-
sorption capacity in respect to both adsorbates is high 
suggesting that the fuller’s earth is a potential adsorbent 
for similar heavy metals.
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