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Abstract 
Adsorption capacity of Cr(VI) onto activated carbon, almond and apricot shells was 
investigated in a batch system by considering the effects of various parameters like 
contact time, initial concentration, pH , temperature, agitation speed, absorbent dose 
and particle size. 
The adsorption was solution pH dependent and the maximum adsorption was observed 
at solution pH of 2.0. The amounts of Cr(VI) adsorbed increased with increase in dose 
of both adsorbents and their contact time. A contact time of 30 min was found to be 
optimum. Experimental results show low cost biosorbent was effective for the removal 
of pollutants from aqueous solution. The pseudo-second-order kinetic model gave a 
better fit of the experimental data compared to the pseudo-first-order kinetic model. 
Experimental data showed a good fit with the Freundlich isotherm model. 
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1. Introduction 
Heavy metals such as chromium, copper, 
lead, and cadmium in wastewater are 
hazardous to the environment. 
Because of their toxicity, their pollution 
effect on our ecosystem presents a possible 
human health risk [1]. 
 In recent years, increasing awareness of 
water pollution and its far reaching effects 
has prompted concerted efforts towards 
pollution abatement. 
Among the different heavy metals, chromium 
is a common and very toxic pollutant 

introduced into natural waters from a variety 
of industrial wastewaters [2].  
Chromium exists in either +3 or +6 oxidation 
states, as all other oxidation states are not 
stable in aqueous systems. Chromium (VI) is 
100-1000 times more toxic to organisms than 
Cr(III) and more readily transported in 
soils[3]. 
The main industrial sources of chromium 
pollution are leather tanning, electroplating, 
metal processing, wood preservatives, paint 
and pigments, textile, dyeing, steel 
fabrication and canning industry [4]. 
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Strong exposure of Cr(VI) causes cancer in 
the digestive tract and lungs and may cause 
epigastric pain, nausea, vomiting, severe 
diarrhoea, and hemorrhage. It is therefore, 
essential to remove Cr(VI) from wastewater 
before disposal[5]. The allowable limit of 
hexavalent chromium for the discharge to 
surface water is 0.1 mg/L[6]. 
In order to reduce Cr(VI) in these effluents to 
the standard level, an efficient and low cost 
method needs to be developed. The various 
methods of removal of Cr(VI) from industrial 
wastewater include filtration, chemical 
precipitation, adsorption, electrodeposition 
and membrane systems, or even ion 
exchange process. Chemical precipitation 
and reduction process needs other separation 
techniques for the treatment and disposal of 
high quantities of waste metal residual sludge 
produced. These techniques use various 
treatment chemicals and the residual Cr(VI) 
concentration required in the treated 
wastewater is not achieved because of the 
structure of the precipitates. The application 
of membrane systems for the wastewater 
treatment has major problems like membrane 
scaling, fouling and blocking. The drawback 
of the ion exchange process is the high cost 
of the resin, while the electrodeposition 
method is more energy intensive than other 
methods. Among these methods adsorption is 
one of  the most economically favourable, as 
well as being a technically easy method[7]. 
Considerable attention has been devoted to 
the study of removal of heavy metal ions 
from solution by adsorption using 
agricultural materials such as waste wool, nut 
wastes, tree bark, modified cotton and 
sawdust [8–16]. Many agricultural 
byproducts such as almond and apricot shells 

are low-cost (or of no economic value) 
materials. 
In this study, activated carbon, almond and 
apricot shells as adsorbent for Cr(VI) were 
used to determine adsorption efficiency as a 
function of contact time, initial 
concentration, absorbent dose,  particle size, 
pH, temperature, agitation speed and 
constants of the adsorption isotherm. 
 
2. Materials  
Almond and apricot shells were prepared 
from agricultural solid wastes as adsorbents 
(major agricultural wastes of Birjand, Iran). 
Samples were washed several times with 
deionized water and dried (sun or 
mechanical). The adsorbents were then 
ground in a blender and stored for further 
use. Potassium dichromate and other 
chemicals were used of analytical reagent 
grade and were obtained from standard 
sources. 
Activated carbon, Potassium dichromate and 
other chemicals were obtained from standard 
sources.  
The physical properties of activated carbon 
have been listed in Table 1. 
 
Table 1. Physical properties of activated carbon* 

Property Activated carbon 

Particle size (mm) 0.50–2.36 

Surface area (m2 g-1) 900–1100 

Solid density (g cm-3) 0.48 

Packing density (g cm-3) 0.53 

Pore volume (ml g-1) 0.73 

* Activated carbon type PHO 8/35 LBD 
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3. Method  
A known weight (e.g. 2.0 g of absorbent) was 
equilibrated with 100 ml of the chromium 
solution of known concentration in a 250 ml 
glass flask at room temperature (25±1°C). 
Chromium solution was prepared by 
dissolving the potassium dichromate 
(K2Cr2O7) in distilled water. Fresh dilutions 
were used for each study. 
The pH of Chromium solution was adjusted 
with a 0.1M HCl/0.1M NaOH solution. Time 
of each experiment was kept at 30 min. 
These flasks were shaken on the shaker at 
400 rpm. The samples were filtered through 
filter paper. The concentration of the samples 
was analyzed in a spectrophotometer 
(JENWAY 6305 UV/Vis model) using 1,5-
diphenylcarbazide as the complexing agent at 
a wave length of 540 nm [17]. 
The Cr(VI) loadings on sorbents were 
computed based on mass balance through 
loss of metal from aqueous solution. Effect 
of various pH; temperature; dose 1, 2, 3, 4 
and 6 g/100 ml of solution; contact time 5, 
10, 15, 30, 40 min; initial concentration 
0.5,1,2,4,5 ppm; particle size mesh>30, 
mesh<30, mesh>20; and agitation speed 50, 
100, 300, 400, 700 rpm were studied. The 
adsorption capacity and intensity were 
calculated by the Langmuir, Freundlich and 
Temkin isotherm. In order to analyze the 
sorption rate, the kinetic data were modeled 
using Lagergren pseudo-first-order and 
pseudo-second order. 

 
4. Results and discussion 
4-1. Effect of contact time 
Fig. 1 shows the adsorption of Cr(VI) by 
almond shell, apricot shell and activated 

carbon as a function of time. Initial Cr(VI) 
concentration 5 mg/l and absorbents  dose of 
2 g/100ml were used. Fig. 1 shows rapid 
adsorption in the initial 15 min for all 
biosorbent. Basically, the removal of Cr(VI) 
is rapid, but it gradually decreases with time 
until it reaches equilibrium. The necessary 
time to reach this equilibrium is about 15 
min. Further increase in contact time did not 
show an increase in biosorption. 
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Figure 1. Effect of contact time on the removal of 
Cr(VI) (initial Cr(VI) concentration=5 mg/l, adsorbent 
dose=2 g/100 ml, temperature=26 ºC, agitation speed= 
400 rpm) 
 
4-2. Effect of initial Cr (VI) concentration 
The effect of Cr(VI) concentration on the 
sorbent by varying the initial Cr(VI) 
concentration (0.5, 1, 2, 4 and 5 mg/l) for a 
30 min time  interval  has  been shown  in 
Fig. 2. 
The percentage removal was decreased with 
increase in Cr(VI) concentration. At low 
concentrations the ratio of available surface 
to the initial Cr(VI) concentration is larger, 
so the removal becomes independent of 
initial concentrations. However, in the case 
of higher concentrations this ratio is low; the 
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percentage removal then depends upon the 
initial concentration. From the results, it is 
revealed that within a certain range of initial 
metal concentration, the percentage of metal 
adsorption on absorbent is determined by the 
sorption capacity of the absorbent. 
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Figure 2. Effect of initial Cr (VI) concentration on the 
removal of Cr(VI) (adsorbent dose=2 g/100 ml, 
temperature=26 ºC, agitation speed= 400 rpm, contact 
time=30 min) 

 
4-3. Effect of absorbent dose 
The effect of adsorbent dose on Cr (VI) 
uptake was investigated by varying the 
adsorbent dose (1, 2, 3, 4 and 6 g/100 ml) for 
a time interval of 30 min (Fig. 3). 
Experimental results showed that the 
percentage removal Cr (VI) increases with 
the increasing amount of adsorbent up to 3 g 
for activated carbon. After this dose of 
adsorbent no significant change was 
observed, but for almond and apricot shells 
percentage removal Cr(VI) increases with the 
increasing amount of adsorbent . 
The phenomenon of increase in percent 
chromium removal with increase in 
adsorbent dose was due to the availability of 
more and more adsorbent surfaces for the 
solutes to adsorb. However, very slow 

increase in removal beyond an optimum dose 
may be attributed to the attainment of 
equilibrium between adsorbate and adsorbent 
at the operating conditions. This effect has 
been termed "solid concentration effect" i.e. 
overcrowding of particles, by Mehrotra et al. 
[15]. 
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Figure 3. Effect of amount of adsorbent on the 
removal of Cr(VI) (initial Cr(VI) concentration=5 
mg/l, temperature=26ºC, agitation speed= 400 rpm, 
contact time=30 min) 
 
4-4. Effect of pH 
The pH of the aqueous solution is an 
important controlling parameter in the 
adsorption process. As shown by the results, 
adsorption of Cr (VI) was higher at lower pH 
and decreased with increasing pH (Fig. 4). 
Also shown in the results, the optimum initial 
pH was observed at pH 2.0. 
The dominant chromium compound within 
the solution at pH=2 is −

4OHCr ( )2
4
−OCr  

and also, 2
72
−OCr exists. Removal of Cr(III) at 

pH=2 is zero whereas its removal percentage 
is very high at pH=5; however, removal 
percentage of Cr(VI) is significantly low. 
This shows that the pH of the solution is a 
very important parameter for the removal of 
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Cr(VI), which is the toxic form of the 
chromium metal. At pH=2, due to the excess 
amount of H+ ions within the medium, the 
active site on the absorbent positively 
charged. This causes a strong attraction 
between these sites and negatively charged 
HCrO4

- ions; 
 

2 4 2 4( )OH HCrO OH HCrO+ − + −+ ↔  (1) 
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Figure 4. Effect of pH on the removal of Cr(VI) 
(initial Cr(VI) concentration=5 mg/l, temperature=26 
ºC, adsorbent dose=2 g/100 ml, agitation speed= 400 
rpm, contact time=30 min) 
 
At low pH values active sites are positively 
charged. Therefore, negative metals 
adsorption increases significantly. When pH 
value increases, the surface of the adsorbent 
becomes neutral and a decrease in the 
adsorption is observed. When adsorbent 
surface is negatively charged, adsorption 
decreases significantly. This behavior is 
specific for the chromium ions and is 
different for the divalent metals. Chromium 
ions release hydroxide ions to the solution 
instead of protons [14]. 
 
4-5. Effect of temperature  
Adsorption is considered as an exothermic 

process; therefore it is expected that the 
equilibrium concentration increases (i.e. 
amount of adsorbed material decreases) with 
increasing temperature. But some chemical 
adsorption processes are endothermic 
processes; therefore, increase in temperature 
leads to increase in both adsorption rate and 
amount of adsorbed materials. Since this 
trend was observed in this study, adsorption 
of Cr(VI) is possibly a chemical adsorption 
process. 
The adsorption of Cr(VI) at different 
temperatures shows an increase in the 
adsorption capacity when the temperature is 
increased (Fig. 5). Similar trends are 
observed for all the other concentrations. 
This indicates that the adsorption reaction is 
endothermic in nature. The enhancement in 
the adsorption capacity may be due to the 
chemical interaction between adsorbates and 
adsorbent, creation of some new adsorption 
sites or the increased rate of intraparticle 
diffusion of Cr(VI) ions into the pores of the 
adsorbent at higher temperatures. 
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Figure 5. Effect of temperature on the removal of 
Cr(VI) (initial Cr(VI) concentration=5 mg/l, adsorbent 
dose=2 g/100ml, agitation speed= 400 rpm, contact 
time=30 min) 
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Kinetic energies of chromium ions were low 
at low temperatures. Therefore, it is a very 
difficult and time-consuming process for ions 
to reach the active sites on the adsorbent. 
Increase in temperature causes an increase in 
the mobility of the ions. If the temperature is 
further increased, the kinetic energies of 
chromium ions become higher than the 
potential attractive forces between active 
sites and ions. 
The standard Gibb’s energy was evaluated by 
 

0 ln CG RT KΔ = −  (2) 

 
The equilibrium constant 1 Kc was evaluated 
at each temperature using the following 
relationship 
 

e

Ae
C C

C
K =  (3) 

 
 Where CAe is the amount adsorbed on solid 
at equilibrium and Ce is the equilibrium 
concentration. 
The other thermodynamic parameters such as 
change in standard enthalpy (ΔHo) and 
standard entropy (ΔSo) were determined 
using the following equations 
 

RT
H

R
SKC

00

ln Δ
−

Δ
=  (4) 

 
 ∆Ho and ∆So were obtained from the slope 
and intercept of the Van’t Hoff’s plot of lnKc 
versus 1/T as shown in Fig. 6. 
Positive value of ∆Ho indicates that the 
adsorption process is endothermic. The 
negative values of ∆Go reflect the feasibility 
of the process and the values become more 

negative with the increase in temperature. 
Standard entropy determines the 
disorderliness of the adsorption at solid–
liquid interface. 
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Figure 6. Vant Hoff’s plot at ambient temperature 
 
 
4-6. Effect of particle size 
The effect of particle size on the Cr(VI) 
adsorption capacity of almond shell, apricot 
shell and activated carbon has been shown in 
Fig.7. 
It is evident from Fig.7 that the particle size 
of sorbents has a significant effect on Cr(VI) 
sorption. The larger sorbent size showed 
lesser Cr(VI) removal as compared to the 
smaller sorbent size. The reason may be that 
the surface area available for adsorption 
decreases with the increase of particle size 
for the same dose of sorbent, providing less 
active surface sites for adsorption of sorbate. 
The reduction in Cr(VI) removal capacity 
with the increase in sorbent size gives an idea 
about the porosity of sorbent i.e., if the 
sorbent is highly porous then it would have 
no significant effect on Cr(VI) removal at 
equilibrium. 
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Figure 7. Effect of particle size on the removal of 
Cr(VI) (initial Cr(VI) concentration=5 mg/l, 
temperature=26 ºC,  adsorbent dose=2 g/100 ml, 
agitation speed= 400 rpm, contact time=30 min) 
 
4-7. Effect of agitation speed 
Biosorption studies were carried out with a 
magnetic shaker at ambient temperature. The 
agitation speed varied from 50 to 700 rpm. 
The biosorption rate increased because of the 
increasing kinetic energy of the Cr(VI) 
particles (Fig. 8). 
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Figure 8. Effect of agitation speed on the removal of 
Cr(VI) (initial Cr(VI) concentration=5 mg/l, 
Temperature=26 ºC, adsorbent dose=2 g/100 ml, 
contact time=30 min) 

 
Basically, the removal of Cr(VI) is rapid, but 
it gradually decreases with increased 
agitation speed, and the percent of removal 

of Cr(VI) of the solutions did not change 
after 400 rpm, therefore, Cr(VI) adsorption 
efficiency was maximal at 400 rpm. 
 
4-8. Adsorption isotherm 
Adsorption equilibrium data were fitted to 
the Langmuir, Freundlich and Temkin 
isotherms. Langmuir isotherm is based on the 
monolayer adsorption of chromium ions on 
the surface of absorbent sites and is 
expressed in the linear form as [13] 
 

mm V
Ce

KVmx
Ce

+=
1

/
 (5) 

 
Where Ce is the equilibrium solution 
concentration, x/m the amount adsorbed per 
unit mass of adsorbent, m the mass of the 
adsorbent, Vm the monolayer capacity, and K 
is equilibrium constant related to the heat of 
adsorption by equation: 
 

)exp(0 RT
qKK ×=  (6) 

 
Where q is the heat of adsorption. 
Freundlich isotherm describes the 
heterogeneous surface energies by multilayer 
adsorption and is expressed in linear form as 
[13] 
 

LogCe
n

LogK
m
xLog f

1
+=  (7) 

 
Where Kf and 1/n are Freundlich constants 
related to adsorption capacity and intensity of 
adsorption, and other parameters are the 
same as in the Langmuir isotherm. The term 
log(x/m) can be plotted against logCe with 
slope 1/n and intercept log Kf. 
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Temkin isotherm, based on the heat of 
adsorption of the ions, which is due to the 
adsorbate and adsorbent interactions taken in 
linear form, is given by [4]. 
 

( ) ( )x RT RTLnA LnCe
m b b
RT B
b

= +

=
 (8) 

 
Where b is the Temkin constant related to 
heat of sorption (J/mol), A the Temkin 
isotherm constant (L/g), R the gas constant 
(8.314 J/(mol K)) and T is the absolute 
temperature (K).  
The theoretical parameters of isotherms 
along with regression coefficient have been 
listed in Table 2. 
The three isotherms are compared with each 

other in Figs. 9, 10 and 11. 
The results indicate that the Freundlich 
equation fits the experimental data better 
than the Langmuir and Temkin equations. 
 
4-9. Adsorption kinetics modeling 
To find the potential rate-controlling steps 
involved in the process of biosorption of 
Cr(VI) onto almond shell, apricot shell and 
activated carbon, both pseudo first-order and 
pseudo second-order kinetic models have 
been used to fit the experimental data. 
 
4-9-1. Pseudo-first-order model 
The pseudo-first-order kinetic model was 
described by Lagergren [18]; 
 

1( )q
e t

t

d
k q q

d
= −  (9) 

 
 
Table 2. Isotherm constants for various adsorption isotherms 

Langmuir constants Adsorbent name 

R2 K (L.mg-1) Vm (mg.g-1)  
0.934 0.484 0.0536 Apricot shell 
0.924 0.846 0.210 Almond shell 
0.886 2.470 0.310 Activated carbon 

Freundlich constants 
R2 Kf (mg.g-1) 1/n  

0.990 0.016 0.55 Apricot shell 
0.969 0.089 0.680 Almond shell 
0.987 0.240 0.611 Activated carbon 

Temkin constants 
R2 A(L.g-1) B  

0.941 5.488 0.011 Apricot shell 
0.927 11.129 0.042 Almond shell 
0.885 48.594 0.051 Activated carbon 
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Figure 9. Equilibrium isotherms of Cr (VI) onto 
almond shell 
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Figure 10. Equilibrium isotherms of Cr (VI) onto 
activated carbon 
 

0

0.01

0.02

0.03

0.04

0 1 2 3 4 5

Ce (mg/l)

qe
 (m

g/
g)

experimental Langmuir
Freundlich Temkin

 
Figure 11. Equilibrium isotherms of Cr (VI) onto 
apricot shell 

Where qe (mg g−1) and qt (mg g−1) are the 
amounts of the Cr(VI) adsorbed on the 
adsorbent at equilibrium and at time t, 
respectively; and k1 (min−1) is the rate 
constant of the first order model. After 
integration and applying boundary conditions 
qt=0 at t=0 and qt=qt at t=t, the integrated 
form of Eq. 9 becomes: 
 

1ln( ) lne t eq q q k t− = −  (10) 
 

A straight line of ln(qe−qt) versus t suggests 
the applicability of this kinetic model; qe and 
k1 can be determined from the intercept and 
slope of the plot, respectively. 
It is important to note that the experimental 
qe must be known for the application of this 
model. Table 3 shows the pseudo-first-order 
constants, qe and k1, along with the 
corresponding correlation coefficients for 
initial Cr(VI) concentration of 5 ppm. The 
calculated qecal value was not in good 
agreement with the experimental value of 
qeexp. These observations suggested that the 
pseudo-first-order model is not suitable for 
modeling the adsorption of Cr(VI) onto 
almond shell, apricot shell and activated 
carbon. 
 
4-9-2. Pseudo-second-order model 
The pseudo-second-order model is based on 
the assumption that the rate-limiting step is 
chemical sorption or chemisorption involving 
valance forces through sharing or exchange 
of electrons between sorbent and sorbate as 
covalent forces [19, 20]. The model has the 
following form [21]:  
 

2
2 ( )e t

dq k q q
dt

= −  (11) 
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Table 3. Calculated kinetic parameters for pseudo first-order and second-order kinetic models for the adsorption of 
Cr(VI) 

Pseudo-second-order Pseudo-first-order 
Adsorbent 

name R2 k2 

(g mg-1min-1) 
qe cal 

(mg g-1) 
R2 k1 

(min-1) 
qe cal 

(mg g-1) 

qe exp 

(mg g-1) 
C○ 

(mg L-1) 

Almond shell 0.997 1.826 0.149 0.933 0.176 0.122 0.133 5 

Apricot shell 0.892 47.588 0.028 0.750 0.031 0.018 0.037 5 

Activated 
carbon 

0.998 4.691 0.226 0.930 0.264 0.042 0.212 5 

 
 
Where k2 (g mg−1 min−1) is the rate constant 
of  the  second-order  equation;  qe (mg g−1)  
is  the   maximum   adsorption   capacity; 
qt(mg g−1) is the amount of adsorbed at time t 
(min). 
After definite integration by applying the 
boundary conditions qt=0 at t=0 and qt=qt at 
t=t, the Eq. 11 takes the form presented in 
equation 12: 
 

2
2

1

t e e

t t
q k q q

= +  (12) 

 
If second-order kinetics is applicable, the 
plot of t/qt against t shows a straight line; qe 
and k2 can then be obtained from the slope 
and intercept of the plot, respectively. For the 
initial Cr(VI) concentration of 5 ppm, k2 and 
qe cal values, along with the corresponding 
correlation coefficients have been presented 
in Table 3. The correlation coefficient was 
nearly equal to unity and calculated qe cal 
value was very close to the experimental 
value of qe exp. The results indicated that the 
pseudo-second-order adsorption mechanism 
is predominant for the adsorption of Cr(VI)  
onto almond shell, apricot shell and activated 
carbon, and it is considered that the rate of 

the Cr(VI) adsorption process is controlled 
by the chemisorption process. 

 
4-10. Fourier transform infrared analysis (FT-
IR) 
The FT-IR spectra of almond and apricot 
shells before and after adsorption of 
chromium have been shown in Figs. 12-15. 
The spectra of adsorbents were measured 
within the range of 500–4000 cm−1 wave 
number. For the FT-IR study, 5 mg of finely 
ground biomass was encapsulated in 400 mg 
of KBr in order to prepare the translucent 
sample disks. 
The FTIR spectra obtained revealed that 
there were various functional groups detected 
on the surface adsorbents before and after 
adsorption. Table 4 presents the fundamental 
peaks of the adsorbents before and after use. 
There are some peaks that were shifted, 
disappeared and new peaks were also 
detected. 
As seen in Table 4, these band shifts 
indicated that it was the bonded –OH groups 
and aliphatic C–H groups in particular 
which played a major role in chromium (VI) 
biosorption on almond shell. 
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Table 4. Some fundamental frequencies of the studied adsorbents (before and after use) 

Band positions (cm− 1) 
Adsorbent 

O–H C–H C=O OCH3 Bending vibrations 

Almond shell native 3400.0 2925.2 1743.5 1054.9 610.1 

Almond shell-Cr(VI) 3394.4 2924.9 1743.1 1054.7 893.0, 609.6 

Apricot shell native 3357.8 2916.8 1742.7 1042.2 555.7 

Apricot shell-Cr(VI) 3403.2 2925.3 1742.7 1051.8 607.7 
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Figure 12. The FT-IR spectra of almond shell before 
adsorption 
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Figure 13. The FT-IR spectra of almond after 
adsorption 
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Figure 14. The FT-IR spectra of apricot shell before 
adsorption 
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Figure 15. The FT-IR spectra of apricot after 
adsorption 
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5. Conclusions  
The following conclusions are made based 
on the results of the present study and 
scientific information derived from literature: 
1. The present investigation shows that the 

almond and apricot shells are effective 
and inexpensive biosorbents for the 
removal of Cr(VI) from aqueous 
solutions. 

2. The removal of Cr(VI) from aqueous 
solutions strongly depends on the contact 
time, initial concentration, pH, 
temperature, agitation speed, absorbent 
dose and particle size.   

3. The amounts of Cr(VI) adsorbed increased 
with an increase in dose of both 
adsorbents and their contact time. A 
contact time of 30 min was found to be 
optimum.  

4. The percentage removal of Cr(VI) 
increased with increasing temperature. 
The maximum adsorption capacity was 
obtained at solution pH of 2.0.  

5. The Langmuir, Freundlich and Temkin 
adsorption models used to represent the 
experimental data fitted very well to the 
Freundlich isotherm model. 

6. The kinetics of Cr(VI)  adsorption onto 
almond shell, apricot shell and activated 
carbon followed the pseudo-second-order 
model. 
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