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1. Introduction 
 

Rapidly increasing industrialization has produced large 

volumes of extremely contaminated wastewaters. Industrial 

effluents containing various heavy metals like chromium, 

quite toxic for animals and human beings, negatively affect 

our ecosystem (Hajeeth et al. 2014, Al-Othman et al. 2012). 

Numerous industrial processes such as aircraft, steel 

manufacturing, electroplating, leather tanning, wood 

preserving, metal finishing, textile, dye, paint and paper 

manufacturing, cement, textile and photography are main 

sources of chromium waste released to the environment 

(Hajeeth et al. 2014, Burks et al. 2014, Avila et al. 2014, 

Olad et al. 2014). 

The most common forms of chromium in aqueous phase 

are trivalent, Cr(III), and hexavalent, Cr(VI), species 

(Karthik and Meenakshi 2014). The hexavalent chromium, 

a commonly used heavy metal, is considered as 500 times 

more toxic, carcinogenic and mutagenic than trivalent 

chromium (Olad and Farshi Azhar 2014, Kumar et al. 2014, 

Wang et al. 2013). The hexavalent chromium generally 

present in the form of anions, chromate (CrO4
2-) and 

dichromate (Cr2O7
2-), has high oxidation potential, ability to 

diffuse through cell membranes and modifies DNA 

transcription process (Yao et al. 2014, Rao et al. 2014,  
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DHSS, 1991). Besides, it is reported that short or long term 

exposure to Cr(VI) causes cancer in the digestive tract and 

lungs, asthma, epigastric pain, dermatitis, kidney and liver 

failure, nausea, vomiting and weakened immune system 

(DHSS, 1991, Mohanty et al. 2005, Axtell et al. 2003).  

The World Health Organization (WHO) restricts the 

maximum concentration limit for Cr(VI) in potable water as 

0.05 mg L-1 (Vasudevan et al. 2010). So, it is essential to 

control and treat before Cr(VI) discharge into the water 

bodies.  

For removal of Cr(VI) from waters, a variety of 

conventional methods have been employed including 

reverse osmosis, chemical reduction, electrochemical 

reduction, ion exchange, membrane seperation, evaporation, 

adsorption, Donnan dialysis and so forth (Das et al. 2006, 

Alidokht et al. 2011, Lakshmipathiraj et al. 2008, Gode and 

Pehlivan 2005, Fraser et al. 1994, Morisset et al. 1955, 

Sardohan et al. 2010). When compared to adsorption, these 

processes have serious drawbacks like generation of toxic 

byproducts, high capital, maintenance and operational cost 

and incomplete removal (Al-Othman et al. 2012, Rao et al. 

2014). 

As one of the most effective methods, adsorption 

technology is usually applied to remove Cr(VI) from 

wastewater because of its ease of operation, high efficiency, 

simplicity of design, regeneration ability, fast separation, 

negligible investment and safety (Karthik and Meenakshi 

2014, Yao et al. 2014, Park and Jang 2012, Fierro et al. 

2008).  

Recently, researchers have investigated the usage of 

low-cost and naturally occurring materials as adsorbent to 
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remove heavy metals (Zhang et al. 2018). For this purpose, 

various agricultural wastes or byproducts had been directly 

used or converted into activated carbon (AC). AC is the 

most promising adsorbents because of its unique 

characteristics (high stability, surface area and adsorption 

capacity) (Ampiaw et al. 2019, Ahmed et al. 2020). 

Commercial AC is relatively expensive materials, but it has 

high adsorption capacity, hence must be generated from 

cheaper raw materials. In literature, there are many different 

type of AC prepared from a variety of materials like waste 

polyester textiles (Yuan et al. 2018), date press cake 

(Norouzi et al. 2018), stems of Leucas Aspera 

(Shanmugalingam and Murugesan 2018), corncob (Li et al. 

2018), bamboo (Xu et al. 2018), coffe waste (Suganya and 

Senthil Kumar 2018), apple peels (Enniya et al. 2018), 

Brewers’ spent grain (Vanderheyden et al. 2018), sewage 

sludge (Aliakbari et al. 2017), polyacrylonitrile, Fox 

nutshell (Kumar and Jena 2017), glycerol (Cui and 

Atkinson 2017), luffa sponge (Wang et al. 2016) and 

crofton weed (Wang et al. 2013). 

In production of AC, carbonization in an inert 

atmosphere and activation processes, physical and chemical, 

have been applied. The raw material is pyrolyzed and 

activated at certain temperatures to increase adsorption 

capacity at the carbonization stage. Physical activation 

includes carbonization of raw material and then activation 

in CO2 or steam atmosphere. In the chemical activation, 

thermal decomposition of carbonaceous material can be 

conducted with acidic (ZnCl2, H3PO4, HCl and H2SO4) or 

basic (K2CO3, KOH and Na2CO3) activating agents. In a 

previous study, ACs of cherry laurel stone with KOH 

activation were produced and applied for CH4 and H2 

adsorption with high microporous structure and high 

surface area (Toprak 2020). 

In the present work, ZnCl2 is used as an activating agent 

for chemical activation of cherry laurel (Laurocerasus 

officinalis Roem.) seeds (CLS) and produced AC named 

CLSAC. Usage of ZnCl2, a well-known dehydrating reagent, 

provides extended surface area and more porous structure, 

thus increases adsorption efficiency of the materials 

(Khalilia et al. 2000). L. officinalis grows soutwestern Asia 

and southeastern Europe. In Turkey’s certain cities like 

Trabzon, Giresun, Ordu, Rize and Artvin, it is naturally 

found. L. officinalis, locally named “karayemiş” and also 

called “Taflan” or “wild cherry” in these regions, has 

diuretic and antidiabetic properties.  Production of L. 

officinalis obtained from one decares garden is about 3 tons. 

Its seeds are not used in any industrial or other fields in 

Turkey. So, AC production from seeds of the abundant 

fruits, and investigation of adsorption capacities of them to 

remove Cr(VI) and also other organic and inorganic 

pollutants from aqueous solutions are an essential 

application in terms of economic and environmental issues. 

After CLSAC was produced by ZnCl2 activation, it was 

characterized by various techniques such as FT-IR, SEM, 

iodine and methylene blue numbers, pore texture, pH of 

point zero charge (pHPZC) and elemental analysis. Then, a 

batch adsorption system was conducted for the removal of 

Cr(VI) by the CLSAC. The influences of various operating 

parameters like pH, amount of CLSAC, contact time, initial  

 
Fig. 1 Picture of (a) CLS, (b) ground CLS, (c) CLSAC 

activated by ZnCl2 (final AC) 

 
 

Cr(VI) concentration, temperature, etc., were studied in this 

paper. The adsorption mechanisms of Cr(VI) onto CLSAC 

were evaluated thermodynamically and by different kinetic 

models. The adsorption isotherm models, Langmuir and 

Freundlich, were also used to explain equilibrium data.   

 

 

2. Materials and methods 
 
2.1 Equipments 
 
Autosorb-1-C/MS (Quantachrome Corporation) model 

specific surface area analyzer was used to determine 

CLSAC’s specific surface area. The FT-IR spectrum of the 

CLSAC was recorded between 450 and 4000 cm-1 in a 

Perkin Elmer Frontier ATR–FTIR spectrometer. SEM 

analyses were applied using Zeiss Evo LS-10 apparatus. 

Elemental analysis of CLSAC was performed on a LECO, 

CHNS-932 apparatus. A Perkin Elmer model AAnalyst-400 

Flame Atomic Absorption Spectrometer (FAAS) with 

deuterium background corrector was used for the chromium 

determination in solutions. Edmund Bühler GmbH model 

mechanical shaker was used for batch adsorption 

experiments. The pH measurements were made on Hanna 

pH-211 (HANNA instruments/Romania) digital desktop pH 

meter. Thermodynamic studies were performed on a Nüve 

BD-402 model water bath providing temperature control of 

solutions for uniform and stable temperature. 

Distilled/deionized water was obtained from Sartorius 

Milli-Q system (arium®  611UV). 

 
2.2 Chemicals 
 
All chemicals used were analytical grade (>95% pure) 

of Merck (Darmstadt, Germany) and Fluka (Buchs, 

Switzerland). The working solutions of Cr(VI) for batch 

adsorption were prepared by diluting from 1000 mg L−1 

Cr(VI) solution with Milli Q water. Distilled/deionized 

water was used for all experiments. 

 
2.3 Preparation of CLSAC 
 
In present study, Cherry laurel seeds (CLS) was used to 

produce AC, and it was provided from Black Sea Region of 

Turkey (Trabzon) (Fig. 1 (a)). Before production AC, CLS 

were first cut in to small pieces and then dried in an oven at 

105 oC for 20 h (Fig. 1 (b)) The dried CLS was used for AC 

preparation by chemical activation with ZnCl2 depending 

on activating agent: CLS ratio selected as 1:1 w/v and  
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Fig. 2 FT-IR spectra of (a) CLSC obtained only by 

carbonization and (b) CLSAC activated by ZnCl2 
 
 

keeping it at 500 oC under N2 atmosphere for 4 h. This 

carbonized material was boiled within 2 M HCl to remove 

any impurities, filtrated through vacuum filtration setup, 

and washed thoroughly with distilled water for several 

times to remove the free acid. Then the AC obtained was 

dried at 105 oC in a hot air oven for 4 h and then ground and 

sieved to the particle size of 150 µm (Fig. 1 (c)). 

 

2.4 Batch adsorption procedure 
 

Batch adsorption experiments were carried out by 

optimizing the operation conditions for Cr(VI) adsorption 

onto CLSAC. In a typical experiment, 10 mL of Cr(VI) 

solution in the concentration range of 100–1000 mg L-1 was 

transferred into a 15 mL polyethylene centrifuge tube. Then, 

50 mg of CLSAC (5 g L-1) was added to the solution and 

content was agitated on a mechanical shaker at 400 rpm for 

4.0 h. The experiments were repeated at 5, 15, 25, 40 oC. 

After equilibrium, the phases were separated by filtration 

and the Cr(VI) concentration in the filtrate was determined 

by FAAS. Adsorption parameters such as initial pH of 

Cr(VI) solution, initial concentration of Cr(VI), contact 

time, adsorbent dosage and temperature were optimized by 

continuous variation method. For pH optimization, the 

initial pH of each Cr(VI) solution was adjusted to the 

required pH by addition of 0.1 M HCl or NaOH solutions. 

Throughout the study, the pH was varied from 1 to 10, the 

initial Cr(VI) concentration from 100 to 1000 mg L-1, the 

contact time from 1 to 720 min, and the adsorbent dosage 

from 1 to 20 g L-1. 

The percent adsorption metal ion was calculated as 

follows: 

( )–
(%)  100= 

o e

o

C C
Adsorption

C
 (1) 

where Co and Ce are the initial and the equilibrium Cr(VI) 

concentrations (mg L-1), respectively. 

The adsorption capacity was calculated using the 

following formula: 

( )–
 =

o e

e

C C V
Q

W
 (2) 

 
Fig. 3 SEM micrographs of (a) CLSC and (b) CLSAC 

(magnification: 2000 folds) 
 
 

where Qe is the amount of metal ion adsorbed on the 

adsorbent (mg g-1), V is the volume of metal ion solution 

used (L), and W is the mass of dry adsorbent used (g). 

 

2.5. Desorption procedure 

 
For desorption studies, Cr(VI) was initially adsorbed on 

the CLSAC at pH 2.5 and the equilibrium concentration of 

Cr(VI) in the solution was measured, then the system was 

filtered. After 10 mL NaOH solutions (concentration of 

them varied from 0.1 to 5.0 M) were added separately to the 

filters in the centrifuge tubes, contents in the tubes were 

agitated again at 400 rpm for 4.0 h to desorb the adsorbed 

Cr(VI) onto CLSAC. The equilibrium concentration after 

desorption was determined by FAAS. 
 

 

3. Results and discussion 

 
3.1 Characterization of CLSAC 
 
The chemical structure and functional groups of AC can 

define its adsorption capacity. For this purpose, the infrared 

spectrums (450–4000 cm-1) of CLSC (only carbonized 

material) (a) and CLSAC (activated by ZnCl2) (b) were 

depicted in Fig. 2. A previous characterization study 

revealed that fatty acids such as oleic, linoleic and palmitic 

acid were found to be major volatile compounds in CLS 

(Elmastas et al. 2013). During carbonization, non-carbon 

elements were removed from CLS, the carbon content of 

high volatility CLS was increased, its volatility was reduced, 

and a more regular carbon skeleton was formed. Hence, IR 

spectrum of CLSC obtained by carbonization at high 

temperatures is very much simpler. The most significant 

peaks for CLSC are at 3510 and 1250 cm-1 indicating the 

presence of – OH and C–O group, respectively (Fig. 2 (a)). 

In the Fig. 2 (b), the broad peak observed at 3422 cm-1 is 

due to stretching vibrations of the bonded hydroxyl (–OH) 

groups present in the sample. Three peaks at 3050 cm-1, 

2186 cm-1 and 2048 cm-1 arise from the aromatic =C–H 

groups existing in the structure. The peak appearing at 1703 

cm-1 is C=O group due to carboxyl group. The long peaks 

at 1577 and 1160 cm-1 point to existence of carboxylic acid 

and/or lactone group and C–O group, respectively. The 

peaks at 880 and 778 cm-1 also indicate aromatic structure. 
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The Scanning electron microscopy (SEM) analyses were 

conducted on CLSC and ZnCl2 activated CLSAC to 

visualize the surface structure and morphology of the 

adsorbents. In the carbonized product (CLSC), it can be 

seen no porous structures (Fig. 3 (a)). As shown in Fig. 3 

(b), the shape of CLSAC seems to be formed by rough scaly 

sheets and it has indents and protrusions. 

The results of the BET (Brunauer-Emmett-Teller) 

surface area (SBET), t-plot micropore area (Smicro), mesopore 

area (Smeso), total pore volume (Vt), micropore volume 

(Vmicro) and average pore diameter (Dp) calculated from 

4Vt/SBET formula for CLSAC were listed in Table 1. 

Percentage amount of moisture, volatile matter, fixed 

carbon, ash and C, H, N, S and O contents obtained from 

the elemental analysis of CLSAC was given in Table 1. The 

quantity of acidic functional groups affecting adsorption 

capacity on CLSAC surface were determined and listed in 

Table 1. Methylene blue and iodine numbers can give an 

idea about the mesopore and micropore (pore diameter 

lower than1nm) structures respectively, were defined 

(ASTM D4607-94(1999) 2006). CLSAC’s pH value and 

value of pHPZC were determined. The pHPZC is the pH value 

at which net surface charge of the adsorbent is neutral 

(Mestre et al. 2007). The surface charge of CLSAC was 

negative at pH>pHPZC, while it was positive at pH<pHPZC. 
 

3.2 Effect of solution pH 

 

The pH of the solution is an important parameter 

affecting the activity of the functional groups on the 

adsorbent surface and the competition of metal ions to get 

adsorbed to the active sites. The effect of pH on the 

adsorption of Cr(VI) onto CLSAC was investigated in the 

pH range of 1–10 using 10 mL of model solutions 

containing 5.0 g L-1 of CLSAC suspension for 4.0 h as 

shown in Fig. 4. The experimental results revealed that the 

adsorption efficiency was higher at low pH range (2.0–4.0) 

and the maximum adsorption of Cr(VI) took place at pH 2.5. 

Because hexavalent chromium presents different ionic 

forms at different pH conditions, the existence and stability 

of it depends on the pH of the solution medium. The 

different Cr(VI) species such as H2CrO4, HCrO4
- , CrO4

2-, 

and Cr2O7
2- exist at acidic pH values and the hydrochromate 

anion (HCrO4
-) converted to CrO4

2- species as the solution 

pH increases predominates in the pH range (higher 

adsorption efficiency range in Fig. 4) 2.0–4.0. The 

concentration of HCrO4
- and the adsorption of Cr(VI) onto 

CLSAC decreased with the increase in solution pH (Fig. 4). 

The variation in adsorption of Cr(VI) at different pH values 

may be attributed to the affinities of CLSAC for the 

different Cr(VI) species (Burks et al. 2014, Benefield et al. 

1982, Karthikeyan et al. 2005). The influence of pH for the 

adsorption of Cr(VI) onto CLSAC could also be explained 

based on the development of surface charge of CLSAC in 

acidic/alkaline pH. At lower pH, the adsorbent surface is 

charged positively and the oxyanions of Cr(VI) interact 

electrostatically with positively charged adsorbent active 

sites. However, the negative charged surface occurs at 

higher pH and leads to electrostatic repulsion between the 

species of Cr(VI) and the surface. As a result, the amount of 

Cr(VI) adsorption decreases with the increase in solution 

Table 1 Characteristics of CLSAC 

Pore structure of CLSAC  

SBET (m2 g-1) 1051.4 

Smicro (m2 g-1) 167.5 

Smeso (m2 g-1) 883.9 

Vt (cm3 g-1) 1.61 

Vmicro (cm3 g-1) 0.096 

Dp (nm) 6.13 

Elemental analysis (wt%)  

C 80.92 

H 3.091 

N 2.583 

S 0.079 

Oa 13.33 

Surface functional groups (mmol g-1)  

Carboxylic 1.64 

Phenolic 0.60 

Lactonic 0.22 

Total acidic value 2.46 

Proximate analyses (wt%)  

Moisture 3.35 

Volatile matter 19.18 

Fixed carbon 79.4 

Ash 1.41 

Iodine number (mg g-1) 520.38 

Methylene Blue number (mg g-1) 501.33 

pH 5,69 

pHPZC 5,01 

 

 
Fig. 4 Effect of pH on the adsorption of Cr(VI) by 

CLSAC (İnitial Cr(VI) conc.: 100 mg L-1, CLSAC conc.: 

5.0 g L-1, contact time: 4.0 h; agitation speed: 400 rpm, 

N=3, RSD=<5%) 
 

 

pH (Kumar et al. 2014, Levankumar et al. 2009, Cui et al. 

2013). In addition, the point of zero charge (pHPZC) of 

CLSAC helps deciding the pH of the solution during 

adsorption studies. While adsorption of cation is favored at 

pH>pHPZC, the adsorption of anions is favored at pH<pHPZC 
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(Srivastava et al. 2008, Hizal and Apak 2006). This is 

evidence why there is a significant increase in adsorption by 

CLSAC in the pH range 2.0–4.0 so all subsequent 

experiments were performed at pH 2.5. 

 

3.3 Effect of contact time and kinetics of Cr(VI) ads
orption 

 

The effect of contact time on the adsorption Cr(VI) ions 

onto CLSAC was investigated in the time ranges of 1–720 

min by contacting 100 mg L-1 of Cr(VI) solutions at initial 

pH 2.5 with 5.0 g L-1 of CLSAC suspensions to decide 

whether the equilibrium was reached. It was observed that 

Cr(VI) adsorption rate is high at the beginning of the 

adsorption because of more available adsorption sites easily 

adsorbing Cr(VI) ions and then Cr(VI)–CLSAC interactions 

reached equilibrium at 4.0 h (Fig. 5). A larger amount of 

Cr(VI) was adsorbed (17.5 mg g-1) in the first 30 min of 

contact time and Cr(VI) adsorption become constant after 

4.0 h. Thus, the contact time of 4.0 h was used in the 

following adsorption experiments. 

Various kinetic models, pseudo-first-order, pseudo-

second-order and intraparticle diffusion model were applied 

for the experimental data to evaluate the adsorption kinetics 

of Cr(VI) onto CLSAC. 

The pseudo-first-order kinetic model, the most popular 

model, is desciribed in Eq. (3): 

( ) 1 e t eln q q ln q k t= −−       (3) 

where qe (mg g-1) is the amount of adsorption 

equilibrium; qt (mg g-1) is the amount of adsorption time t 

(min); k1 (min-1) is the rate constant of the first order model.  

The value of qe and k1 can be determined experimentally 

from the intercept and slope of the ln(qe–qt) versus t plot, 

respectively. The determined qe, k1 and correlation 

coefficient (r2) values were shown in Table 2. Since the 

value of r2 was low and qe (exp) determined from 

experimental values and qe (cal) determined from the model 

were not in a good agreement, pseudo-first-order kinetic 

model was not suitable for modeling the adsorption of 

Cr(VI) onto CLSAC. 

The pseudo-second-order kinetic model is presented in 

Eq. (4): 

2

2

1
 

t ee

t t

q qk q
= +       (4) 

where qt (mg g-1) is the amount of adsorption time t 

(min); qt (mg g-1) is the maximum adsorption capacity; k2 (g 

mg-1min-1) is the rate constant of the second order equation. 

As seen in Fig.4(b), the linear plot of t/qt versus t for pseudo 

second order model in Eq. (4) was obtained and the plot 

giving a straight line indicated that second order kinetic 

model was applicable. The value of k2 and qe were 

calculated from the intercept and slope of the linear plot, 

respectively (Table 2). Therefore, it was revealed that 

experimental qe (exp) value agreed with the calculated qe (cal) 

value and correlation coefficient (r2) value was nearly equal 

to unity. The results indicated that the pseudo-second-order 

adsorption mechanism was predominant and it was 

 
Fig. 5 (a) Effect of contact time and (b) the pseudo-

second-order kinetic model for Cr(VI) adsorption on 

CLSAC (initial Cr(VI) conc.: 100 mg L-1; CLSAC conc.: 

5.0 g L-1; pH: 2.5; agitation speed: 400 rpm, N=3, 

RSD=<5%) 
 

 

considered that the rate of the adsorption process was 

controlled by the chemisorption process for the adsorption 

of Cr(VI) onto CLSAC. 

The intraparticle diffusion model is expressed in Eq. (5): 

1 2/

t idq k t c= +  (5) 

where kid (mg g-1min-1) is the rate constant of 

intraparticle diffusion and qt (mg g-1) is the amount of 

adsorption at time t (min). The value of c and kid can be 

determined the intercept and slope of qt versus t1/2 plot, 

respectively. The value of c, kid and correlation coefficient 

(r2) were given in Table 2. The r2 value was not satisfactory. 

The intraparticle diffusion model could not be accepted as 

the only rate limiting step for the adsorption of Cr(VI) onto 

CLSAC due to the deviation (c value in Table 2) of the plot 

from the origin. In the light of the kinetic data, it was 

concluded that the pseudo-second-order kinetic model was 

suitable for modelling the adsorption of Cr(VI) onto 

CLSAC. 

 

3.4. Effect of CLSAC and initial Cr(VI) concentration 
 

The adsorption process was conducted with initial Cr(VI) 

concentrations between 100 and 1000 mg L-1 and CLSAC 

concentrations between 1.0 and 20.0 g L-1 at constant values 

of pH (2.5) and contact time (4.0 h) to investigate the effect 

of Cr(VI) and CLSAC concentration on the removal of this 

metal. The experimental results showed that percentage of  
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Cr(VI) adsorption increased by increasing CLSAC 

concentration even though the amount of Cr(VI) adsorbed 

by per gram of CLSAC decreased (Fig. 6(a)) because the 

available adsorption sites or functional groups increased 

with more adsorbent present, and the interactions may also 

take place between adsorbent and  metal ions as the  

amount of adsorbent decreases at certain metal ion 

concentration (Wang et al. 2013). Besides, the amount of 

Cr(VI) uptake increased by increasing the initial Cr(VI) 

concentration although adsorption percentages decreased 

with increase in the Cr(VI) concentration (Fig. 6(b)). The 

initial metal ion concentration plays a role as a driving force 

to overcome mass transfer resistance for metal ion 

transportation between the aqueous and solid phases. 

However, the metal ion adsorption is restricted by 

saturation of the available active sites on the surface 

functional groups and thus further metal ion uptake is 

prevented. 

 

3.5 Adsorption isotherms 
 

In present study, two widely accepted isotherm models 

(Langmuir and Freundlich) were used to describe the 

relationship between adsorbed Cr(VI) and its equilibrium 

concentration in solution. These models help to identify the 

mechanism of adsorption process by providing enough 

physicochemical information. The Langmuir model 

assumes that the adsorbent surface is homogeneous, and the 

uptake of adsorbate molecules occurs on a homogenous 

surface by monolayer adsorption without any interaction 

between adsorbed molecules (Deng et al. 2009).  The 

linearized Langmuir model equation is expressed in Eq. (6): 

1
 e e

e max max

C C

q q b q
= +      (6) 

where qe (mg g-1) is the equilibrium metal ion 

concentration on the adsorbent; Ce (mg L-1) is the 

equilibrium metal concentration in the solution; qmax (mg g-1) 

is the maximum monolayer adsorption capacity of the 

adsorbent and b (L mg-1) is the Langmuir constant related to 

the free energy or net enthalpy of adsorption. The constants 

qmax and b can be evaluated from the slope and intercept of 

Ce/qe versus Ce linear plot, respectively. 

The essential characteristics of Langmuir isotherm model 

can be described in terms of a dimensionless constant 

separation factor or equilibrium parameter RL (Xu et al. 

2018) defined in Eq. (7): 

1
 
1

L

o

R
bC

=
+

     (7) 

where Co (mg L-1) is the initial amount of adsorbate and 

b (L mg-1) is the Langmuir constant. The RL parameter is 

 

 
Fig. 6 (a) Effect of adsorbent dosage on the adsorption of 

Cr(VI) (initial Cr(VI) conc.: 100 mg L-1; CLSAC conc.: 

1.0–20.0 g L-1; pH: 2.5; agitation speed: 400 rpm) and (b) 

effect of initial Cr(VI) concentration on the adsorption of 

Cr(VI) (initial Cr(VI) conc.: 100–1000 mg L-1; contact 

time: 4.0 h; CLSAC conc.: 5.0 g L-1; pH: 2.5; agitation 

speed: 400 rpm, N=3, RSD=<5%) 
 

 

used to predict whether an adsorption system is ‘favorable’ 

or ‘unfavorable’. The adsorption process as a function of RL 

may be described as RL>1; unfavorable, RL=1; Linear, 0< 

RL<1; favorable and RL=0; irreversible. 

Freundlich model is suitable for non-ideal sorption on 

heterogeneous surfaces and multilayer sorption. The 

heterogeneity is caused by the presence of different 

functional groups on the surface, and various adsorbent–

adsorbate interactions (Deng et al. 2009). The linearized 

Freundlich model equation is described in Eq. (8): 

1
  e f elnq lnK lnC

n
= +      (8) 

where Kf (mg g-1) and n are Freundlich constants related 

to adsorption capacity and intensity, respectively. These 

constants Kf and 1/n are determined from linear plot of lnqe 

versus lnCe. 

Table 2 Kinetic parameters of Cr(VI) adsorption onto CLSAC 

Co 

(mg L-1)  

qe (exp) 

(mg g-1)  

Pseudo-first-order Pseudo-second-order Intraparticle diffusion 

qe (cal) 

(mg g-1) 

k1 

(min-1) 
r2 qe(cal) (mg g-1) 

k2 

(g mg-1 min-1) 
r2 

kid 

(mg g-1 min-1/2) 

C 

(mg g-1) 
r2 

100 18.03 1.03 0.0054 0.5579 18.01 0.0733 0.9999 0.0416 17.012 0.4236 
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Table 3 Langmuir and Freundlich isotherm constants and 

correlation coefficients for Cr(VI) adsorption onto CLSAC 

Langmuir model constants 

qmax (mg g-1) b (L mg-1) r2 

41.67 0.04 0.996 

Freundlich model constants 

Kf (mg g-1) n r2 

13.94 5.93 0.730 

 

 

The calculated constant and correlation coefficient result 

for both isotherm models were listed in Table 3. As can be 

seen from the results, the adsorption pattern of Cr(VI) on 

CLSAC was fitted better with the Langmuir isotherm model 

(r2 = 0.996) as compared to the Freundlich model (r2 = 

0.730) under studied conditions (Table 3, Fig. 7(a) and (b)). 

The maximum adsorption capacity (qmax) of CLSAC 

calculated from Langmuir isotherm equation was found to 

be 41.67 mg g-1 and compared with those of other 

adsorbents reported in the literature (Table 4). Furthermore, 

the Freundlich constant n was greater than 1 confirming the 

favorable adsorption of Cr(VI) onto CLSAC. In addition, 

calculated the RL values for the initial Cr(VI) concentration 

in the range of 100– 1000 mg L-1 at a constant CLSAC 

concentration (5.0 g L-1)  were in the range of 0.023 and 

0.183 (Fig. 7(c)). In the light of this result, it was also 

concluded that the adsorption of Cr(VI) onto CLSAC was 

favorable. 

 
3.6 Effect of temperature and thermodynamic 

parameters of adsorption 
 
In order to investigate the effect of the temperature on 

the removal efficiency, the adsorption experiments were 

conducted with CLSAC concentration of 5.0 g L-1 and 

initial Cr(VI) concentration of 100 mg L-1 at pH 2.0 in the 

temperature range from 5 to 40 oC. The adsorption of Cr(VI) 

onto CLSAC decreased from 7.60 mg g-1 (78.77% removal) 

to 6.37 mg g-1 (65.95% removal) when the temperature was 

increased from 5 to 40 oC, indicating that Cr(VI) uptake 

was favored at lower temperatures (Fig. 8(a)). The decrease 

in the adsorption capacity with increasing temperature may 

be due to the weakening of the adsorptive forces between 

the active sites on the adsorbent and adsorbate species, and 

between the adjacent molecules on the adsorbed phase. 

Bayazit and Kerkez (Bayazit and Kerkez 2014) achieved 

similar results of Cr(VI) adsorption by modified activated 

carbon. 

The thermodynamic parameters; the Gibbs free energy 

change (ΔGo), enthalpy change (ΔHo) and entropy change 

(ΔSo), was calculated to examine the feasibility of the 

adsorption process. ΔGo is expressed in Eq. (9): 

Δ𝐺𝑜 =– 𝑅𝑇𝑙𝑛𝐾𝑑 (9) 

where R is the universal gas constant (8.314 J mol-1 K-1), 

T is the temperature (K), and Kd is tehe distribution 

coefficient. Kd is determined using Eq. (10): 

 
Fig. 7 (a) Langmuir isotherm model, (b) Freundlich 

isotherm model and (c) Co versus RL graph (initial Cr(VI) 

conc.: 100–1000 mg L-1; contact time: 4.0 h; CLSAC 

conc.: 5.0 g L-1; pH: 2.5; agitation speed: 400 rpm, N=3, 

RSD=<5%) 

 
 

e

d

e

q
K

C
=      (10) 

where qe (mg L-1) and Ce (mg L-1) are the equilibrium 

concentration of Cr(VI) on adsorbent and in the solution, 

respectively. 

ΔHo and ΔSo are calculated from Eq. (11): 

Δ𝐺𝑜 =  Δ𝐻𝑜– 𝑇Δ𝑆𝑜 (11) 

Eq. (12) can be written as: 

o o

d

S H
ln K

R RT

 
= −      (12) 

Thermodynamic parameters, ΔHo and ΔSo, were 

calculated from the slope and intercept of the Van’t Hoff 

plot (lnKd vs. 1/T) shown in Fig. 8(b). The calculated values 
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Table 4 Comparison of adsorption capacity of CLSAC for 

Cr(VI) with that of different reported adsorbents 

Adsorbent 
Adsorption capacity 

(mg g-1) 
Reference 

3-MPA coated 

SPION 
45.0 (Burks et al. 2014) 

PAN-NH2 

nanofibers 
137.6 (Avila et al. 2014) 

Carbon/AlOOH 25.64 (Kumar et al. 2014) 

Magnetic silica with 

quaternary 

ammonium salt 

26.81 (Yao et al. 2014) 

Corncob activated 

carbon 
9.85 (Li et al. 2018) 

Sawdust 8.3 (Gupta et al. 2010) 

Carbon slurry 15.2 (Gupta et al. 2010) 

Granular activated 

carbon 
7.0 (Di Natale et al. 2007) 

Magnetite 

nanoparticles 
19.2 (Yuan et al. 2010) 

Fe3O4 coated 

Polypyrrole 
238.1 (Bhaumik et al. 2011) 

Activated alumina 25.57 
(Bhattacharya et al. 

2008) 

Fly ash 23.86 
(Bhattacharya et al. 

2008) 

Coconut shell 18.69 (Singha and Das 2011) 

Mesoporous carbon 

nitride 
48.31 (Chen et al. 2014) 

CLSAC 41.67 This study 

 

Table 5 Thermodynamic parameters of Cr(VI) adsorption 

onto CLSAC at different temperatures 

T 

(K) 

ΔGo 

(kJ mol-1) 

ΔSo 

(Jmol-1K-1)a 

ΔHo 

(kJ mol-1)a 

278 -3.03 

-38.52 -13.68 
288 -2.59 

298 -2.06 

313 -1.72 
a Measured between 278 and 313 K. 

 
 

of ΔGo, ΔHo and ΔSo for the adsorption of Cr(VI) onto 

CLSAC at different temperature are given in Table 5. The 

obtained negative values of ΔGo indicated that the 

adsorption of Cr(VI) on the surface of CLSAC was a 

feasible and spontaneous adsorption process. The 

decreasing trend in ΔGo values with increase in temperature 

showed the diminishing of the spontaneous of the process 

and thus the adsorption was not favorable at higher 

temperatures. The negative value of ΔHo indicated that the 

adsorption of Cr(VI) has exothermic nature. The negative 

ΔSo value showed the decreased randomness at the 

solid/liquid interface during the adsorption of Cr(VI) onto 

CLSAC. 
 

3.7. Salt Effect on the adsorption yields of Cr(VI) 
 

Waters (natural and waste) contain a variety of different 

electrolyte types having important effects on the adsorption 

process so it is essential to investigate the effects of salts on 

 
Fig. 8 (a) Effect of temperature on Cr(VI) uptake and (b) 

ln Kd versus 1/T plot for obtaining the thermodynamic 

parameters (pH: 2.5, initial Cr(VI) conc.: 100 mg L-1, 

CLSAC conc.: 5.0 g L-1, contact time: 4.0 h, N=3, 

RSD=<5%) 

 

 
Fig. 9 Effect of salts on Cr(VI) uptake by CLSAC ( initial 

pH: 2.5; CLSAC conc.: 5.0 g L-1; initial Cr(VI) and salt 

concentrations: 100 mg L-1 of each, N=3, RSD=<5%) 

 

 

the uptake of Cr(VI) from aqueous solutions. Adsorption 

studies were carried out by adding 100 mg L-1 of CaCI2, 

KNO3, NaCl, Mg(NO3)2, Ca(NO3)2, MgCl2, Na2SO4, KCl, 

Na2CO3, NaNO3 and a mixture of these salt solutions, 

individually, in 100 mg L-1 of Cr(VI) solution containing 

5.0 g L-1 of CLSAC and the present adsorption process was 

applied to these solutions. The results were given in Fig. 9. 

As can be seen, presence of these salts did not cause 

significant interfere effect on the adsorption of Cr(VI). 
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Fig. 10 Effect of NaOH concentration on desorption of 

Cr(VI) from CLSAC (amount of Cr(VI) adsorbed onto 

CLSAC: 10.61 mg g−1; volume of NaOH: 10 mL, N=3, 

RSD=<5%) 

 

 

3.8. Reusability of CLSAC 
 
The adsorption–desorption cycles were repeated for five 

times using same preparations to evaluate the reutilization 

of CLSAC. In these tests, 10 mL of an aqueous solution 

containing 1 g of Cr(VI) was treated with 5.0 g L − 1 of 

CLSAC suspension. The concentration of Cr(VI) ions was 

determined after elution with 2.5 M NaOH solution. There 

was no significant change observed for the adsorption 

performance of CLSAC after five adsorption–desorption 

cycle so it can be concluded that CLSAC can be used 

effectively at least 5 times with repeated elution. 
 

3.9. Analytical validation 
 
Each parameter was repeated at least 3 times and the 

results were averaged. The method (flame atomic 

absorption spectrometry) applied for the quantitative 

determination of Cr (VI) ions from aqueous solution was 

validated with three main analytical parameters: 

repeatability (precision, relative standard deviations 

(RSD%)), limit of detection and accuracy. Details were 

reported in our previous study (Duran et al. 2011). 

 

3.10. Desorption of Cr(VI) 
 
Desorption studies are carried out to recover the 

adsorbed metal extracted from the liquid phase and 

regenerate adsorbents for another cycle of application. In 

the present study, the desorption of Cr(VI) from CLSAC’s 

surface was tested using NaOH solutions at various 

concentrations (0.1–5.0 M) in a batch system. The results 

obtained showed that the desorption efficiency of Cr(VI) 

increased with the increase of NaOH concentration (Fig. 

10). The desorption efficiency reached from 42.5% to 99.2% 

with increasing NaOH concentration from 0.1 M to 5.0 M. 

It is thought that ion exchange mechanism plays a 

significant role in the adsorption process because of the 

high desorption efficiency. Furthermore, CLSAC can be 

employed repeatedly in water treatment as the Cr(VI) 

adsorbed by CLSAC could be easily desorbed. 

4. Conclusions 
 

The experimental results obtained from CLSAC used for 

Cr(VI) removal from aqueous solution exhibited that 

CLSAC could be a promising adsorbent to remove Cr(VI) 

from waters and wastewaters. After CLSAC was 

characterized with the FT-IR spectroscopy, SEM, iodine 

and methylene blue numbers, pore texture, pH of point zero 

charge (pHpzc) and elemental analysis, the Cr(VI) removal 

performance of CLSAC was investigated on the basis of 

equilibrium, kinetics and thermodynamics parameters.  

• The adsorption process was showed pH 

dependent and the maximum Cr(VI) removal was achieved 

at pH 2.5.  

• The kinetics of Cr(VI) adsorption onto CLSAC 

followed by pseudo-second-order model. When CLSAC 

concentration was increased, the equilibrium adsorption 

capacity (mg g-1) of CLSAC decreased, while the percent 

removal efficiency increased.  

• The adsorption pattern of Cr(VI) on CLSAC was 

fitted better with the Langmuir isotherm model indicating 

that exposing of homogeneous distribution in active sites on 

the surface. Adsorption capacity of CLSAC for Cr(VI) was 

determined to be 41.67 mg g-1 from Langmuir isotherm 

model equation.  

• The adsorption of Cr(VI) onto CLSAC decreased 

as increasing the temperature. The obtained negative values 

of ΔGo and ΔHo expressed that the adsorption of Cr(VI) on 

the surface of CLSAC was feasible and spontaneous, and 

exothermic nature, respectively. The negative ΔSo value 

also indicated the decreased randomness at the solid/liquid 

interface during the adsorption of Cr(VI) onto CLSAC.  

• At the presence of CaCI2, KNO3, NaCl, 

Mg(NO3)2, Ca(NO3)2, MgCl2, Na2SO4, KCl, Na2CO3, 

NaNO3 salts, these salts did not cause significant interfere 

effect on the adsorption of Cr(VI).  

• The desorption efficiency of Cr(VI) increased 

with increasing NaOH concentration.  

• Consequently, the results obtained from this study 

concluded that CLSAC can be successfully used for the 

removal of Cr(VI) from aqueous solutions. 
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