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Abstract 

Chemically modified date pit (CM-DP) and olive stone (CM-OS) were studied for their 

biosorption capacity for hexavalent chromium (Cr(VI)) removal in the aqueous phase. The 

effect of changing the process conditions, such as the initial Cr (VI) concentration, pH, 

biosorbent dosage, ionic strength, presence of other ions and temperature were investigated. It 

showed that at pH = 2, biosorbent dosage > 4 g/L and a low ionic strength, both biosorbents 

showed best biosorption capacity of the Cr(VI) removal.  Various isotherm models were 

applied to fit the experimental data and the Freundlich isotherm model was the best fitting 

isotherm model for the biosorption experimental data of both biosorbents. The maximum 

biosorption capacities of CM-DP and CM-OS were found to be 82.63 and 53.31 mg/g 

respectively, which is comparable to other materials. In the kinetic study, the pseudo second 

order model can best describe the biosorption process of both biosorbents and the intraparticle 

diffusion was not the rate-limiting step indicating the contribution of film diffusion in the 

Cr(VI) removal processes.  

 

Keywords: Adsorption and Biosorption; Agricultural waste; Heavy metals; Low-cost 

biosorbents; Water purification. 

 

1．Introduction 

A huge amount of fresh water is used as a raw material in many industries for cooling 

purposes and as a mean of production e.g. the world uses 5 trillion litres (1.3 trillion gallons) 

https://glasaaward.org/wp-content/uploads/2015/05/GLASA_2015_StateofApparelSector_SpecialReport_Water_150624.pdf
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of water each year for fabric dyeing alone. Different kinds of intermediate products and wastes 

are introduced into the water as it passes through industrial processes thereby producing 

wastewater. Some of the contaminants in this wastewater are heavy metals which can   be easily 

concentrated in food chains and are harmful to human health and environment [1, 2].  

Among these heavy metals, chromium is one of the most poisonous and detrimental to 

human health [3]. Chromium can be released from natural processes such as volcanic activity 

or rock weathering, and anthropogenic activities such as metallurgical, chemical industries, etc. 

[2, 4]. The common oxidation states of chromium in the environment are hexavalent (Cr(VI), 

and trivalent (Cr(III), oxidation states and both of them are environmentally significant. Cr(VI) 

is more than 100 times more toxic and 1000 times more mutagenic compared with Cr(III) [4, 

5]. Because of repulsive electrostatic interactions, Cr(VI) is difficult to be absorbed by 

negatively charged soil particles, which means that it is very mobile at nearly all pH range [1, 

3]. In the pH range of natural water, Cr(VI) exists as the dichromate (Cr2O7
2−), hydrogen 

chromate (HCrO4
−), or chromate (CrO4

2−) ions, which are soluble, easy to transfer in water, 

strongly toxic and even carcinogenic, presumably owing to cell membrane transfer and the 

formation of harmful intermediate products through direct reduction reaction [1, 4]. Thus, 

excessive discharge of Cr(VI) can cause harm to creatures and the ecosystem [2]. 

 In most of the industrial countries, limits of emission of Cr(VI) to natural water bodies 

have been put in place in order to protect the environment. For example in the United States 

Environmental Protection Agency in 1990 regulated that the maximum discharge value of total 

chromium is 0.1 mg/L to water on the surface of the planet and 0.05 mg/L to water suitable for 

drinking, and total discharge value is not more than 2 mg/L [6] . The maximum value in water 

used for irrigation is recommended to be 100µg/L by the United Nations Food and Agriculture 

Organization [7]. Therefore, it is crucial to ensure that Cr(VI)  is removed from the effluents or 

at least the concentration is reduced to acceptable levels before releasing to the environment. 

The most widely used method is the reduction of Cr(VI) to its trivalent state which can be 

absorbed or deposited as amorphous hydroxide. This method, however, can only be used for 

disposal of concentrated industrial wastewater and produces a large of an amount of chemical 

sludge [2].  

Among other methods, adsorption and biosorption are widely used in the environmental 

science field for their comparatively low cost, feasible removal capacity of pollutant and 

simplicity of design and operation. The application of commercial absorbent, mainly activated 

carbon and zeolite, which have been proved as the most effective adsorbents for treatment of 

heavy metal in effluent due to their high surface area, reactive property and microcrystal 
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structure [4, 8], has one limitation of cost. The global market for adsorbent materials has been 

valued to be approximately $11.1 billion in 2019, 38% and 32% higher than that in 2013 ($8.0 

billion) and 2014 ($8.4 billion), respectively  [9].  The accelerating global demand for clean 

energy and environmental sustainability urges scientists and engineers to develop innovative 

materials with superior performance over traditional bench-mark materials.   

The use of biosorption as a treatment method for the removal of heavy metal in the 

aqueous solutions has become popular [3, 4, 10-20] . The metal removal is based on metal ion 

interaction with the functional groups present in the biomaterial [1, 2, 21]. These biomaterials 

are available from nature and can effectively remove chromium due to their reductive and 

adsorptive functional groups. The other option would be to produce low cost activated 

materials from cheap materials such as rice straw, pectin-rich fruit, peat, sesame stalk, lignin, 

sawdust, olive oil industry waste, seaweed and other industrial bio-wastes for use as biosorbent 

material [1, 16, 20, 22]. Chemical activation can be used to enhance the biosorption properties 

of the biosorbent material [23-25].    

Date pits (DP) are low-cost and can be obtained in large quantities from numerous 

countries especially some Mediterranean countries. Date pits have become the largest by-

product in palm growing countries because it accounts for ten percent of total weight [2]. Olive 

stone (OS) is the by-product of olive oil and table olive production. It is inexpensive with no 

market value, and abundant in the Mediterranean area, especially in Spain with the annual 

production of about 800,000 tonnes. Date pits and olive stones are among some of the materials 

that have been applied as biosorbent material for removal of chromium by our research group 

and other researchers [2, 16, 22, 26, 27].  

The objective of this study was to further explore the capacity of chemically modified 

date pits (CM-DP) and chemically modified olive stones (CM-OS) for Cr(VI) biosorption. The 

effect of the process conditions will be investigated and the biosorption mechanism examined 

by exploring the kinetic and equilibrium studies. The effect of the presence of other ions on the 

biosorption process is also investigated.  This is an extension to our earlier work on application 

of the materials as alternative materials for the removal of toxic hexavalent chromium [2, 26].  

 2. Experimental and theoretical section  

2.1 Chemicals and materials 

Potassium dichromate (K2Cr2O7) was used to prepare Cr(VI) stock solution. 

Hydrochloric acid (HCl) and sodium hydroxide (NaOH) were prepared for the pH adjustment. 

Sodium chloride (NaCl) was used in the ionic strength experiment. Sodium chloride (NaCl), 
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ammonium chloride(NH4Cl), potassium sulphate (K2SO4), sodium nitrate (NaNO3) and 

Sodium hydrogen carbonate(NaHCO3) salts were used for the coexisting ions experiment. 

Sodium hydroxide, epichlorohydrin, diethylenetriamine (DETA) were used to activate the date 

pits and olive stones. 1,5-diphenylcarbohydrazide, methanol (HPLC-grade), sulphuric acid 

solution (98%) were used to prepare the reagent for measurement of the concentration of 

Cr(VI).  

2.2 Methods  

2.2.1 Activated biomass preparation 

Epichlorohydrin and diethylenetriamine (DETA) were used to activate the DP and OS. 

Epichlorohydrin is used to epoxidize the biomass by the combination of the oxygen in the 

hydroxyls and the nitrogen from the amine groups in the biomass. The binding with oxygen 

improves the crosslinking of the structure making it more mechanically stable. However, the 

amount of epichlorohydrin used must be controlled since it is capable of decreasing the 

availability of the amino groups. The activation process is performed in alkaline conditions 

[15, 25, 28]. DETA is used to introduce the diethylamino groups; it can aid the aminolysis of 

the epoxide group.  Two different solutions with concentrations of 1.25 M and 0.125M NaOH 

were made by dissolving certain quantities of NaOH in deionized water. 75 mL of NaOH (1.25 

M) with 50 mL epichlorohydrin were mixed in hot plate stirrer at room temperature and then 

5 g of the biomass (DP or OS) were mixed in the solution at 40 ℃ for 30 min on a hot plate 

stirrer. After mixing the solution for 30 min, the materials were filtered out, washed several 

times with deionized water and then dried at 65℃ for 3 hours. After drying the biomass, 75 

mL of NaOH (0.125 M), 12.5 mL of DETA and the dried biosorbents were mixed on a hot 

plate stirrer at 65 ℃ for 60 minutes. The activated biosorbents were then washed with deionized 

water until the pH of eluent reaching almost neutral, dried for 12 hours at 65 ℃ and stored in 

glass jars labelled as chemically modified olive stone (CM-OS) and date pits (CM-DP). 

2.2.2 Characterisation procedure 

The functional groups of CM-DP and CM-OS were determined by Fourier Transform 

Infrared (FTIR) Spectroscopy using a Perkin Spectrum 100 within the range 4000 – 400 /cm. 

The textural properties of the materials were determined using Scanning Electron Microscope 

(SEM) analysis; samples were coated with gold and vacuumed for electron reflection before 

the analysis on a JEOL-JSM 6400 scanning microscope. The zeta potential measurements were 

carried out using a Malvern Zetasizer (3000HS) to determine the point of zero charge (PZC). 

The Kratos ULTRA spectrometer was used for XPS measurements with the following 
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parameters: sample temperature = 20-30 C, X-Ray Gun mono Al K 1482.58 eV; 150 W (10 

mA, 15 kV) and pass energy = 160 eV for survey spectra and 20 eV for narrow regions.  

2.3 Biosorption experiments 

A number of the factors affecting the biosorption have been studied including initial 

concentration of Cr(VI), pH, biosorbent dosage, ionic strength, co-existing ions, and 

temperature. Their ranges in this study were: initial concentration (10-200 ppm), pH (2-9), 

biosorbent dosage (0.02-0.2 g/L), ionic strength (0-2 M) and temperature (20-50 ℃). When 

studying the effect of one-factor in an experiment, the other factors remained unchanged for 

comparison. Initial settings for the factors were: initial concentration 100 ppm, pH 2, activated 

biosorbent dosage 0.05 g with 20 mL solution, ionic strength 0 M, no other coexisting ions, 

room temperature and shaking time 3 days. 

The adjustment of pH was achieved by adding HCl or NaOH using a pH meter for 

measurement. In the experiments, the solutions with DP or OS were placed in glass jars, sealed 

firmly and put on a mechanical shaker. A certain volume of the supernatant in the jars was 

taken after the biosorption and analysed for measurement of the Cr(VI) concentration on a 

HACH meter.  

The biosorption isotherm studies were established by the following conditions. For the 

initial Cr(VI) concentrations: 10, 25, 50, 75, 100 and 200 ppm; solution pH 2; shaking time 3 

days at 110 rpm; dosage 2.5 g/L; and room temperature. For the effect of pH: pH 2-9; initial 

Cr(VI) concentrations 100 ppm; shaking time 3 days at 110 rpm; dosage 2.5 g/L; and room 

temperature. The effect of dosage was studied using a range of 1, 1.5, 2, 2.5, 3 and 3.5 g/L and 

solution pH 2; initial Cr(VI) concentrations 100 ppm; shaking time 3 days at 110 rpm  at room 

temperature.  Salt concentrations of 0, 0.05, 0.1, 0.2, 0.5, 1 and 2 M NaCl were used to study 

the effect of ionic strength at solution pH 2; initial Cr(VI) concentrations 100 ppm; shaking 

time 3 days at100 rpm; dosage 2.5 g/L; room temperature. 0.1 M NaCl, NH4Cl, K2SO4, NaNO3, 

NaHCO3 and blank were used to study the effect of other ions at the same conditions. The 

kinetic studies were used to determine the rate of biosorption, and the time required to reach 

equilibrium. The study was undertaken with an initial Cr(VI) concentration of 100 ppm, 

solution pH of  2 and dosage of 2.5 g/L, at four different temperatures: room temperature (20), 

30, 40 and 50 ℃ in 4 beakers on hot plate stirrers. 1 mL samples were withdrawn from solution 

at the chosen time intervals (0, 5, 10, 15, 20, 25, 30, 35, 40, 45, 54, 60, 101, 120, 180, 240, 300, 

360 min) diluted and were then analysed used for concentration of Cr(VI). 
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2.4 Chromium analysis 

The method for measurement of the concentration of Cr(VI) is a colorimetric standard 

method established by Gilcreas et al. [7]. To prepare the reagent, 250 mg of 1,5-

diphenylcarbohydrazide was dissolved in 50 mL of methanol (HPLC-grade), added to 250 mL 

of H2SO4 solution (contains 14 mL of 98 % H2SO4) which was diluted with deionised water to 

500 mL, and stored at low temperature. The fresh reagent is a very clear solution and can be 

used for several days until any colour appears [7]. To analyse the Cr(VI) concentration, firstly, 

2 mL of the reagent was added to 6 mL of hexavalent solution and then, after waiting for 5 

min, the solution was analysed by UV-VIS spectrophotometer at a 540 nm wavelength. The 

total Cr (Cr(VI) and Cr(III)) concentrations in the solutions were analyzed by a Perkin-Elmer 

2100 atomic absorption spectrophotometer (ICP-AES) at a wavelength of 357.9nm. 

2.5 Determination of Cr(VI) removal efficiency and modelling 

The percentage removal of Cr(VI) was calculated using Eq.(1): 

Removal(%) =
𝐶0−𝐶𝑒

𝐶0
× 100%      (1) 

where Co and Ce are the concentration of the remaining Cr(VI) at the start and 

equilibrium, respectively in ppm.  

The biosorption capacity qe is the quantity of adsorbed Cr(VI) in the solution, which was 

calculated by the Eq.(2):  

𝑞e =
𝐶0−𝐶𝑒

𝑚
× 𝑉         (2) 

where m is the mass of activated biosorbent in g and V is the volume of the solution (L).  

2.5.1 Kinetic modelling 

For the kinetics of the biosorption process, the pseudo first order as well as the pseudo 

second order reaction models were used in the study. The two kinetic models are described by 

Eq. (4) and (5) [1]: 

𝑞 = 𝑞𝑒(1 − 𝑒−𝑘1𝑡)         (4) 

𝑞 =
𝑞𝑒

2𝑘2𝑡

1+𝑞𝑒𝑘2𝑡
         (5) 

where q is the biosorption capacity in mg/g at any time, t (min); k1 is the pseudo first 

order reaction rate constant in min-1; k2 is the pseudo second order reaction rate constant in 

g/mg/min.  

Intraparticle diffusion and Boyd models were employed for the determination of the diffusion 

mechanism in the biosorption process [1]. Weber’s pore diffusion or intraparticle diffusion 
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model is described by Eq. (6): 

q = 𝑘𝑑𝑖𝑓𝑓𝑡0.5         (6) 

where kdiff is the rate constant of the intraparticle diffusion in (mg/g sorbent x t-0.5) which 

was calculated by plotting q versus t0.5. If intraparticle diffusion is the step that can determine 

the rate, the plot of q versus t0.5 is linear and the slope is kdiff with the intersection with the 

origin. If the plot is not linear, it can be assumed that, in addition to intraparticle diffusion, 

there are some other mechanisms involved within the biosorption system, such as film diffusion 

[29]. 

For characterisation of the actual rate-limiting step for the biosorption process, the Boyd 

model is employed to determine the rate-controlling step, which can be the film diffusion as 

boundary layer or particle diffusion as the diffusion within the pores [1, 30]. The Boyd model 

can be described as [31]: 

𝑞𝑡

𝑞𝑒
= 1 −

6

𝜋
× exp (−𝐵𝑡)                                                    (7) 

To obtain the Bt values, Eq. (7) can be rearranged as shown by Eq.(8): 

𝐵𝑡 = −0.4977 − ln (1 −
𝑞𝑡

𝑞𝑒
)                                                (8) 

The Bt values can be calculated using Eq. (8). The coefficient of determination (R2) can be 

obtained from a plot of Bt values against time, t, to measure the degree of fitting of the model. 

2.5.2 Biosorption isotherm studies 

Six equilibrium models: Langmuir [32], Dubinin–Radushkevich [33], Freundlich [34], 

Redlich–Peterson [35], Toth [36] and Khan [37] isotherm models were used in the study. To 

find models that have the best fit to the experimental data, the coefficient of determination (R2), 

mean relative error (MRE) and standard error of estimate (SEE) were used. MRE and SEE can 

be calculated by Eq.(9) and Eq.(10). 

MRE =
100

𝑛
∑(

𝑞𝑒,𝑒𝑥𝑝−𝑞𝑒,𝑐𝑎𝑙

𝑞𝑒,𝑒𝑥𝑝
)       (9) 

 SEE = √
∑(𝑞𝑒,𝑒𝑥𝑝−𝑞𝑒,𝑐𝑎𝑙)2

𝑑𝑓
       (10) 

where qe,exp and qe,cal are the quantities of Cr(VI) adsorbed obtained from the experiment 

and calculation from the equation of the model, respectively. n is the number of the observation 

of the experiment and df is the degree of freedom.  

The Langmuir isotherm model is widely employed in adsorption studies. Its assumption 

is that the surface of the adsorbent is uniform and the adsorption sites are equivalent, all the 

molecules do not interact with each other and adsorption occurs through the same mechanism  
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[19, 24]. The Langmuir model can be described as: 

𝑞𝑒 =
𝑞𝑚𝐾𝐿𝐶𝑒

1+𝐾𝐿𝐶𝑒
                                 (11)   

  where qm and KL are the Langmuir constants regarding the biosorption in mg/g and the 

adsorption energy in L/g, respectively. 

The Dubinin–Radushkevich isotherm, as an empirical model, is employed to describe 

the adsorption of subcritical vapours upon micro-porous solids coming with a pore filling 

mechanism[38]. The Dubinin–Radushkevich isotherm model can be described as: 

𝑞𝑒 = 𝑞𝑚𝑎𝑥exp (−𝐾𝐷𝑅𝜀2)                                   (12) 

The parameter  is calculated as: 

ε = RTln [1 +
1

𝐶𝑒
]        (13) 

 where qmax is the quantity of Cr(VI) adsorbed at the maximum in mg/g, KDR is the Dubinin–

Radushkevich constant, R is the gas constant. T is the absolute temperature in Kelvin (K). KDR 

has relation to the average free energy of biosorption (EDR), which is the free energy variation 

of 1 mole adsorbate ion for its migration to the biosorbent surface from infinite distance in the 

solution. The apparent energy EDR can be calculated as: 

𝐸𝐷𝑅 =
1

√2𝐾𝐷𝑅
         (14)   

The Freundlich isotherm model can be described as: 

𝑞𝑒 = 𝐾𝐹𝐶𝑒
1/𝑛          (15)   

where KF is the Freundlich constant in relation to the biosorption capacity in definition as the 

adsorption or distribution capacity and it presents the quantity of Cr(VI) biosorption on the 

biosorbent per unit concentration at the equilibrium. 1/n is the heterogeneity factor in relation 

to the adsorption intensiveness. 

The Redlich–Peterson isotherm model is widely applied as a middle way between two 

extremes, which are the Langmuir and Freundlich models. The Redlich–Peterson isotherm 

model can be described as [39]: 

𝑞𝑒 =
𝐾𝑅𝐶𝑒

1+𝑎𝑅𝐶𝑒
𝛽         (16)  

where KR, aR and β are the Redlich–Peterson isotherm model constants. 

The Toth model is an empirical and widely used model, is used for the heterogeneous 

system. It can be used at the limit of the concentration. The Toth isotherm model can be 

described as [40]: 

𝑞𝑒 =
𝐾𝑇𝐶𝑒

(𝑎𝑇+𝐶𝑒
𝑔

)1/𝑔          (17)   
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where KT, aT and g are the Toth isotherm model constants. When g equals to 1, the Toth model 

can be reduced to the Langmuir model equation. 

The Khan isotherm model is generalized. The Khan isotherm model can be described 

as [41]: 

𝑞𝑒 =
𝑏𝐾𝑞𝑆𝐶𝑒

(1+𝑏𝐾𝐶𝑒)𝑎𝐾
         (18) 

where bK is the Khan isotherm model constant, aK is the Khan isotherm model exponent and 

qS is the quantity of the Cr(VI) adsorbed at the maximum. 

3. Results and Discussion 

3.1 Characterization of biosorbents 

The zeta potential profiles of CM-OS and CM-DP demonstrated a strong pH-dependence 

with both materials exhibiting positive zeta potential values at pHs lower than 3.9 and 3.5 for 

CM-OS and CM-DP, respectively.  SEM micrographs of fresh and Cr(VI) loaded modified 

olive stone and date pit are shown in Figure 1. The existence of uneven/ rough surface 

topographies with a high number of asymmetric pores is clearly observable. These surface 

structures will advance an increase in Cr(VI) reduction and biosorption capacities as a result of 

the trapping of metal ions on their rough surfaces and large internal surface area.  Noteworthy 

differences in surface morphology are identified before and after Cr(VI) removal.   After 

biosorption, the images show the existence of more compact and closed pore structures. The 

modification of the structure of the biosorbents i.e. more compact and closed pore structures is 

a clear indication of Cr(VI) sequestration. 

The results of the FTIR analysis performed on the biosorbent materials before and after 

the biosorption process are shown in Figure 2. The broad bands around 3400/cm detected in 

both biomaterials can be attributed to ‒OH and‒NH stretching vibrations of hydroxyl groups 

while peaks assigned to alkyl‒C‒H stretching are observed around 2900/cm [26]. Peaks around 

2100/cm and 1600/cm are due to ‒C≡N and ‒NHCO stretching, respectively [42]. This 

demonstrates that after chemical activation, many amine groups were embedded onto the CM-

OS and CM-DP surfaces. 

The quantification surface analysis of fresh CM-OS and CM-DP was performed using 

XPS.  The survey scans of these samples showed the existence of carbon, oxygen, nitrogen, 

sulphur and silicon (see Table 1). Two peaks corresponding to pyrrolic-N (399.9 eV) and 

quaternary-N (402.0eV) were observed [42].  The amine groups introduced on the surface will 

promote the removal of Cr(VI) anions. The high-resolution spectra collected from the fresh and 
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Cr loaded CM-OS and CM-DP is shown in Figure 3. By relating the Cr peaks revealed, it is 

feasible to determine whether the bound Cr is in trivalent or hexavalent form.  From Figure 3 

it can be established that Cr(VI) was almost completely reduced to Cr(III) when brought into 

contact with the CM-OS and CM-DP. This proves that the removal mechanism of Cr(VI) by 

CM-OS and CM-DP involves three steps i) attraction of Cr(VI) ions to positively charged 

groups such as‒CN+; ii) reduction of Cr(VI) to Cr(III) by neighbouring electron-donor groups 

such as‒SiOH; iii) Cr(III) ions are adsorbed through metal ion coordination, ion exchange and 

chelating activities.  

3.2 Effect of pH 

The solution pH was found to have a significant influence on the Cr(VI) removal by 

CM-OS and CM-DP, which is illustrated in Figure 4. The acidic condition (pH = 2) was more 

favourable for the Cr(VI) biosorption by both CM-OS and CM-DP and had a maximum uptake 

of 22.7 and 30.5 mg/g and percentage removal of 56.7% and 76.24% by CM-DP and CM-OS, 

respectively.  As solution pH increased, the biosorption capacity of Cr(VI) decreased. 

Albadarin et al. using date pit and tea waste [26]  and Kurniawan et al. using coconut shell 

charcoal [22] also reported the same observation.  

In comparison to the raw materials, activated biomasses will have higher ability to 

reduce Cr(VI) to Cr(III) in industrial wastewaters, as the amino groups from epichlorohydrin 

and DETA can easily protonate the material surface in acid medium, improving the adsorption 

of Cr(VI) through ion exchange and electrostatic interaction [25]. When pH is low, Cr(VI) is 

reduced to Cr(III) due to its contact with electron donor group of the activated biosorbents [13, 

43]. It may be indicated that the complexation mechanisms can be dominant in the biosorption 

system of the biosorbents and Cr(VI) [11]. The change of the colour of the biosorbents and the 

solution from orange to light green indicated the presence of Cr(III) and reduction of Cr(VI) to 

Cr(III) as Cr(III) did not exist in the initial solution.  

Cr(III) is detected in the aqueous solution due to the electrostatic repulsion between 

Cr(III) and positively charged CM-DP and CM-OS surface at low pH.  As Cr(III) formed 

because of reduction it can be adsorbed at pH above the PZC because the negatively charged 

CM-DP and CM-OS surface. When pH is above 2, hydrogen chromate (HCrO4−) was lower, 

and thus the biosorption-coupled reduction of Cr(VI) to Cr(III) was less. It was reported that 

when functional groups such as the carboxyl groups are formed, it can yield new ion-exchange 

sites for reduced Cr(III) and increase the biosorption capacity effectively [44]. 

At pH = 2, the main form of Cr(VI) is the negatively charged hydrogen chromate 
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(HCrO4−) which is electrostatically attracted to the positively charged CM-DP and CM-OS 

[43]. The possible reason for lower biosorption at higher pH is that excess amount of hydroxide 

ion (OH-) competes with the negatively charged Cr(VI) ions. When pH range is 3 to 5, the 

removal was 10% to 50%. This can be an indication of possible involvement of other metal 

attachment such as coagulation or precipitation when pH is higher than 3 [1].  

3.3 Effect of activated biosorbents dosage 

The effect of biosorbent dosage on the biosorption of Cr(VI) by CM-OS and CM-DP 

was studied. As illustrated in Figure 5, when the biosorbent dosage increased, the removal 

increased. For CM-DP, the maximum Cr(VI) removal was 96.83% and could be achieved when 

the biosorbent dosage was 11g/L. For CM-OS, the maximum Cr(VI) removal was 95.25% and 

could be achieved when the biosorbent dosage was 10g/L. Similar results were reported in [26] 

which showed a removal of 96.8% at the CM-DP dosage 10g/L. When the biosorbent mass 

increases, the availability of surface area of the biosorbent is higher, leading to the higher 

removal of Cr(VI). The observed decrease in the concentration of Cr(VI) in solid phase; qe, is 

that at higher dosage there is still removal for adsorption of more chromium ions due to the 

presence of more active sites for adsorption [1]. 

3.4 Effect of initial concentration 

The effect of initial concentration, in the range of 10-200 ppm, on the biosorption of 

Cr(VI) on CM-OS and CM-DP was studied. The result showed that Cr(VI) removal depends 

significantly on the initial concentration of Cr(VI) as illustrated in Figure 6. When the initial 

concentration of Cr(VI) increased the remaining concentration of Cr(VI) in the aqueous 

solution increased. The concentration of Cr(III) ions in solution also increased for both 

activated biosorbent materials. At higher initial concentrations of Cr(VI) there is more 

competition for actives sites for the reduction and removal of both species of chromium ions 

from solution.  This result is in agreement with other reports in literature [2, 3, 45]. The results 

show that CM-OS has a greater potential for reduction of Cr(VI) to Cr(III) and uptake of Cr(III) 

at higher initial concentrations of Cr(VI).  

3.5 Biosorption isotherms 

The summary of the parameters for the different isotherms obtained from non-linear 

regression in Sigma Plot v.11 (Systat Software Inc., US) are reported in Table 1 : XPS 

elemental analysis of fresh and Cr loaded CM-DP and CM-OS 
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Material  Elements 

 O 1s C 1s  N 1s S 1s Si 1s Cr 2p 

CM-OS 21.81% 76.25% 1.37% 0.32% 0.25% - 

CM-DP 20.42% 77.75% 1.22% 0.33% 0.28% - 

Cr onto CM-DP 23.17% 74.34% 1.33% 0.37% 0.24% 0.55% 

Cr onto CM-OS 22.11% 76.48% 1.19% 0.34% 0.22% 0.34% 

 

 

Table 2.  By comparing the statistical parameters of the models, for CM-DP, the best 

model fitting the experimental data is the Freundlich model, followed by the Toth, Redlich–

Peterson, Khan, Langmuir and then Dubinin–Radushkevich model, while for CM-OS, the Toth 

model and the Freundlich model are best to fit the experimental data, followed by Dubinin–

Radushkevich, Redlich–Peterson, Khan and Langmuir model. This indicates a indicating 

heterogeneous biosorption systems. The constants of each isotherm model, correlation 

coefficients (R2), mean relative error (MRE) and standard error of estimate (SEE) of the date 

pit and olive stone are given in Table 2. Comparison of the experimental data for the qe values 

and fits of the Freundlich model are shown in Figure 6. 

3.6 Comparison of performance with other low-cost materials for Cr removal 

The performance of CM-DP and CM-OS was compared with other materials found in 

literature and the results are shown in Table 3. It is clear from Table 3 that both CM-DP and 

CM-OS are viable biosorbent materials for the removal for Cr(VI).   

3.7 Effect of ionic strength 

The wastewater from industry may contain other ions in addition to the chromium ions. 

The increase of ionic strength can lead to an increase of the Debye-Huckel screening influence 

and, accordingly, to a decrease of the electrostatic interaction between biosorption sites and 

adsorbate. Thus, the effect of ionic strength on the Cr(VI) was studied as shown in Figure 7 

using sodium chloride (NaCl).  

The Cr(VI) removal decreased as the concentration of NaCl increased. Similar 

observations were obtained by Albadarin et al., [26]. In their works, the decrease in the 

biosorption capacity qe was relatively slight, in the range of 0.3 to 0.4 mmol/g for date pit. This 

can be due to different initial conditions used for this experiment. Other works using other 

adsorbents had similar observations [1]. It is reported that as the ionic strength of the aqueous 
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solution increases, the biosorption capacity of Cr(VI) decreases [46]. When the ionic strength 

is higher, the Cr(VI) uptake may decrease because of competition for biosorption active sites  

between chromate and chloride anions.  

In general, ionic strength influences the ion exchange sorption mechanisms and pH 

affects surface complexation mechanisms. The biosorption extent of Cr(VI) by the biomass did 

not decrease significantly with the increase of the concentration of NaCl, possibly because the 

predominant biosorption type is chemisorption other than physical sorption; in other words, 

surface complexation rather than ion exchange. There must be particular interactions, rather 

than simple electrostatic interactions, between Cr in hexavalent and trivalent form and their 

surface binding sites [1, 26, 47]. 

3.8 Effect of co-existing ions 

Since different kinds of foreign ions such as NH4+ and Na+ can also be found in the 

industrial effluent, which can have an effect on the Cr(VI) uptake, the influences of various 

salts, such as NaCl, NH4Cl, K2SO4, NaNO3, NaHCO3, on the biosorption of Cr(VI) onto date 

pit and olive stone were studied. It was found that the Cr(VI) removal onto CM-DP and CM-

OS decreased greatly in the presence of the NaHCO3 salt, which may indicate that carbonate 

ions (CO3
2-) strongly compete with Cr(VI) for the binding sites (Figure 8). Moreover, the 

Cr(VI) removal onto CM-DP and CM-OS decreased with the presence of other salts, which 

can be due to the weak interaction between the negative and positive charge, leading to 

limitation of the attraction between the biomass particles and Cr(VI) ions. The result was 

similar to the other works [1-3, 26]. 

3.9 Biosorption kinetics  

The influence of the temperature was studied at room temperature (20 ℃), 30 ℃, 40 ℃ 

and 50 ℃ at solution pH 2 with an initial Cr(VI) concentration 100 ppm and dosage 2.5 g/L, 

on hot plates for 360min. At chosen time intervals, certain volumes of samples are withdrawn 

and analysed of the concentration. As illustrated in Figure 10 the result showed that the initial 

rate of biosorption was high during the first 4 for CM-DP and 1 hours CM-OS, then decreased 

gradually to 0 reaching the maximum amount adsorbed. Similar results were obtained by other 

works [2, 26]. The reason can be that at the start of the process, there are many sites available 

for chromate ions to be occupied and, after all the sites are taken, the surface of biosorbent is 

inadequate and the controlling rate is the rate of transport from the external sites to the interior 

biosorbent particles.  
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The other reason may be that the driving force of the biosorption, which is (qe-qt) and 

assumed in the derivation of the pseudo reaction kinetic models, decreases [1, 14]. Moreover, 

with the increase of solution temperature, the equilibrium biosorption capacity increased for 

the CM-DP and decreased for the CM-OS, indicating that the process of CM-DP biosorption 

is endothermic, which is the same result as reported by Albadarin et al., [26] and the CM-OS 

biosorption process is exothermic. The reduction of the Cr(VI) to Cr(III) is spontaneous. When 

the temperature of the solution is higher, it is possible for the Cr(III) to have loss of some 

hydration spheres and diffusion into the smaller channels toward the biosorption sites with less 

accessibility [26, 48]. The mechanisms investigations of the biosorption shows that the ion-

exchange is not the predominant mechanism of Cr(VI) for the biomass. 

When Cr(VI) is completely reduced to Cr(III), there is a possibility that Cr(III) metal 

cation substitutes for some alkaline earth metals existing in the cell wall. Because the binding 

is coordinative and the electrostatic attraction between the negatively charged groups in the 

biomass and metal ions becomes stronger, the nature of the cross-linking may be changed [26, 

49]. The kinetic studies also showed that the biosorption of Cr(VI) onto CM-DP has a two-

phase process which includes the rapid reduction of Cr(VI) to Cr(III) followed by biosorption 

[6]. The kinetic data is used to determinate of the rate of Cr(VI) uptake or reduction to Cr(III) 

and the time required to reach equilibrium [1]. To study the kinetics of the biosorption process, 

the pseudo first and pseudo second reaction kinetic model were considered to describe the 

result of the experiment. The values of the constants of the two kinetic models, their biosorption 

capacity and correlation coefficients of the date pit and olive stone are given in Table 4. Non-

linear regression fits of the pseudo second order equation at different temperatures 

demonstrated a good agreement of linear relationship with the experimental result with high 

correlation coefficient R2>0.95 for CM-DP as well as CM-OS, compared with the plot of the 

pseudo first order with low correlation coefficient R2<0.90 for CM-DP and R2<0.30 for CM-

OS (see Figure 9). 

Thus, the pseudo second order model best describe the biosorption of chromium onto 

CM-DP and CM-OS. The assumption of this model is that the process of biosorption has two 

steps. The first step occurs fast and achieves equilibrium quickly, and the second step takes 

place slowly and can last for a long time [1, 23]. Second order model is known to describe best 

chemisorption controlled rate-limiting mechanisms including valence forces through 

share/exchange of electrons between sorbent and adsorbate. However, this must be confirmed 

using various analytical techniques and tests.  

To check if the sorption process is diffusion controlled, intraparticle diffusion and Boyd 
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models were also applied [1, 31, 50]. The kinetic constants and the correlation coefficients of 

the intraparticle diffusion model at various temperature are shown in Table 5.  

The t0.5 versus qt plots were non-linear and did not pass through the origin which may be 

an indication intraparticle diffusion was not the only rate limiting process for the biosorption 

process. The plots had two linear segments; the first segment is attributed to the mass transfer 

of the adsorbent on the exterior surface of the adsorbent and the second segment is attributed 

to diffusion of the adsorbate into interior pores of the sorbent material [1, 10]. 

The Boyd model was used to determine whether the rate determining step in mass transfer 

was particle diffusion, which is the diffusion within the pores, or the film diffusion, which is 

the boundary layer. As shown in (Table 4) the correlation coefficients at each temperature were 

low (R2<0.900), which means that the plots were not linear, and the plot also did not pass 

through the origin.  This indicated that the rate-controlling step might be the film diffusion. 

When the ion-exchange is the mechanism of the biosorption, the rate-limiting step can be liquid 

film diffusion or particle diffusion.  In general, external transport is considered to be the rate-

limiting biosorption process [1, 51]. The reason for the strong external resistance might be the 

inadequate mixing, dilute concentration of adsorbate and small particle size of the CM-DP and 

CM-OS. Therefore, the film diffusion may greatly restrict the intraparticle step with the highest 

resistance and it might be the predominant and control step for the overall biosorption rate [1, 

18]. Similar results and conclusions were obtained from studies on removal of Cr(VI) using 

other adsorbents [1, 3]. 

3.10 Thermodynamic parameters 

Table 5 shows the estimated thermodynamic parameters; change in enthalpy (ΔH), 

change in free Gibbs energy (ΔG) and change in entropy (ΔS) for the biosorption of Cr(VI) 

onto CM-OS and CM-DP. Positive values of ΔG and ΔS and ΔH for Cr(VI) biosorption onto 

CM-OS indicate that the biosorption process is non-spontaneous and exothermic. The increase 

in temperature increased the values of ΔG° showing that the biosorption process is less 

spontaneous at a high temperature.  

On the other hand, the positive ΔH° value for Cr(VI) biosorption onto CM-DP indicates 

that the process is endothermic, and the reaction becomes more spontaneous at higher 

temperature.  It can also be noted that the energies involved in the process (≈13 kJ/mol) are 

within the range of the intermolecular interactions characteristic binding energy of chemical 

bonding and electrostatic attractions (6–80 kJ/mol). 
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4. Conclusions  

It can be concluded the chemical modified date pit and chemical modified olive stone 

are both viable materials for the removal of Cr(VI) through reduction and biosorption. The 

chemical modification of material helps increase the biosorption capacity of biosorbents. This 

can be attributed to the additional functional groups which are introduced by chemical 

modification. The removal mechanism of hexavalent chromium is through reduction of the 

Cr(VI) on the surface of  the biosorbent materials followed by biosorption of the Cr(III) ions. 

Presence of other competing ions in solution also affect the removal of Cr(VI) from solution 

as previously reported. Further studies on re-use of these materials will be evaluated in our next 

study. 
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Table 1 : XPS elemental analysis of fresh and Cr loaded CM-DP and CM-OS 

Material  Elements 

 O 1s C 1s  N 1s S 1s Si 1s Cr 2p 

CM-OS 21.81% 76.25% 1.37% 0.32% 0.25% - 

CM-DP 20.42% 77.75% 1.22% 0.33% 0.28% - 

Cr onto CM-DP 23.17% 74.34% 1.33% 0.37% 0.24% 0.55% 

Cr onto CM-OS 22.11% 76.48% 1.19% 0.34% 0.22% 0.34% 

 

 

Table 2: The constants of each isotherm model, correlation coefficients (R2), mean relative 

error (MRE) and standard error of estimate (SEE) of the CM-OS and CM-DP. Experimental 

conditions: pH: 2; CM-OS 2.5 g/L and room temperature. 

Model 

Parameters Model Parameters 

 
CM-

DP  

CM-

OS  

 CM-

DP 

CM-

OS 

Langmuir 

kl 0.02  0.02   

 

Dubinin–

Radushkevich 

qmax 21.61  28.99  

qm 53.31  82.63  KDR 0.02  0.03  

R2 0.93  0.88  R2 0.84  0.92  

MRE(%) 16.20   34.51  MRE(%) 30.42  22.74  

SEE 1.58  2.40  SEE 8.88  9.84  

Freundlich 

kf 2.12  1.85   

 

Redlich–

Peterson 

KR 1.13  1.17  

1/n 1.87  2.19  aR 0.02  0.01  

R2 0.95  0.93  β 1.07  1.50 

MRE(%) 12.31  24.638  R2 0.94  0.91  

SEE 1.43  1.98  
MRE(%) 15.20  28.41  

SEE 1.81  2.23 

Toth 

Kt 48.11  50.01   

 

Khan 

qs*(10)(3) 59.19  3.06  

aT10(-4) 91.25  6.20  bk*(10)(3) 0.02  0.41 

g 1.19  2.87  ak 1.06  23.62  

R2 0.94  0.93  R2 0.93  0.89  

MRE(%) 14.50  23.68  MRE(%) 18.87  30.57  

SEE 1.79  2.01  SEE 1.82  2.40  
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Table 3: comparison of the biosorption capacities of the different materials from literature 

Biosorbent Qmax (mg/g) Reference 

Olive industry waste 10.80 [52] 

Spent Tea dust 44.9 [20] 

Tea waste 107.8 [26] 

Date pits 96.02 [26] 

Modified masau stones 94.32 [42] 

Olive stones 4.99 [16] 

CM-DP 53.31 Current study 

CM-OS 82.63 Current study 

Hydrous Cerium Oxide 

Nanoparticles  

43.1 [53] 

HQS/MCM-41 69.7 [54] 
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Table 4: The biosorption kinetic model constants for Cr(VI) CM-DP and CM-OS at various 

temperature. Experimental conditions: initial Cr(VI) concentration:100 ppm; pH:2; dosage 

2.5 g/L. 

 

CM-DP 

temperature (℃) 20 30 40 50 

pseudo 1st 

order 

k1*103 

(1/min) 
16.30  10.30  12.30  10.80  

qe (mg/g) 7.60  8.84  10.48  14.15  

R2 0.79  0.51  0.73  0.88  

pseudo second  

order 

k2*104 

(1/min) 
38.77  31.02  26.25  17.54  

qe  (mg/g) 7.60  8.84  10.48  14.15  

R2 0.97  0.95  0.95  0.97  

intraparticle 

diffusion 

kdiff           

(mg/g min0.5) 
0.72  1.63  1.47  1.38  

R2 0.73  0.64  0.84  0.89  

Boyd model R2 0.84  0.73  0.79  0.93  

CM-OS 

pseudo 1st 

order 

k1*103 

(1/min) 
15.00  10.60  24.80  11.00  

qe (mg/g) 23.41  25.01  18.81  13.16  

R2 -0.76  0.14  0.29  -0.52  

pseudo 2nd 

order 

k2*104 

(1/min) 
45.97  20.87  54.64  111.59  

qe (mg/g) 23.41  25.01  18.81  13.16  

R2 0.99  0.99  0.99  0.98  

intraparticle 

diffusion 

kdiff        

(mg/g min0.5) 
3.85  2.75  2.93  1.85  

R2 0.83  0.85  0.92  0.92  

Boyd model R2 0.70  0.90  0.71  0.69  
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Table 5 thermodynamic parameters 

Material ΔH (kJ/mol) ΔS (J/mol K) ΔG (kJ/mol) 

20oC 30oC 40oC 50oC 

CM-OS -20.72 -71.31 0.180 0.892 1.606 2.319 

       

CM-DP 21.67 64.21 2.913 2.206 1.564 0.922 
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(a)- CM-DP before biosorption 

 
(b) CM-DP after biosorption 

 
(c) CM-OS before biosorption 

 
(d) CM-DP after biosorption 

 

Figure 1: SEM of the biosorbents before and after biosorption. 
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Figure 2: FTIR spectra of the samples before (a) and after (b) contacting with chromium (VI) solutions. 
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Figure 3: XPS spectra of fresh and Cr(VI) loaded CM-OS and CM-DP. 
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Figure 4: Effect of pH on the removal of Cr(IV) from solution using CM-PD and CM_OS, initial concentration 100 ppm, dosage 1.0 g/L. 
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Figure 5: effect of dosage on (a biosorption capacity (b) percentage removal of Cr(VI). 
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Figure 6: Effect of initial solution concentration on the reduction of Cr(VI) to Cr(III): CM-DP (right) and CM-OS (left).   
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Figure 7: Isotherm plots for chemical modified date pits (CM-DP) and chemically modified olive stone (CM-OS) Experimental conditions: solution 

pH:2; 2.5 g/L; shaking time 3 days at 110 rpm ;room temperature. 
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Figure 8: Effect of ionic strength of the effluent on (a biosorption capacity (b) percentage removal of Cr(VI). 
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Figure 9: Effect of presence of other ions in effluent on (a) concentration of Cr(VI) in solid phase (b) Percentage  removal of Cr(VI).  
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Figure 10: Influence of temperature on the kinetics of biosorption of Cr(IV) on to (a) CM-DP and (b) CM-OS. The intial concentraiton of the 

solutions were 100 ppm and a dosage ratio of 2.5g/L. pH of the solution was adjusted to ph2. In this figure the diferent symbol show different 

temperatures ()  20C , () 30C,  (*) 40C  and () 50C; the continous line is a plot of equation 5.
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