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ABSTRACT: Biosorption of Cr(VI) ions onto Walnut Flowers (WF) is studied in a batch system  

in relation to the physical parameters. The efficiency approaches 100% with 5 g WF/L at pH~1.5 

 for a Cr(VI) concentration of 100 mg/L in less than 1 h. The experimental data are analyzed using 

two-parameter models (Langmuir, Freundlich, and Temkin), and three-parameter models (Redlich–

Peterson, Sips, and Toth). In order to determine the best isotherm, two error analysis methods  

are used to evaluate the correlation coefficient and chi-square test. The error analysis demonstrates 

that the three-parameter models better describe the Cr(VI) biosorption data. The Sips equation 

provides the best fitting. The possible interaction between the Cr(VI) and the biosorbent surface  

was evaluated by FT-IR analyses. Overall, the proposed biosorbent material was successfully used 

for the removal of a Cr(VI) from contaminated solutions. 
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INTRODUCTION 

The industrial discharge of heavy metals into the 

aquatic medium is a worldwide pollution problem 

affecting dramatically the water quality. Many metals such 

as chromium, lead, cadmium, and mercury are highly toxic 

and can accumulate in humans and plants through 
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ingestion of foods and drinking water causing serious 

damage to humans [1]. They cannot be biodegraded unlike 

organic molecules and the industrial effluents must be treated 

at the source. Chromium is reported to be highly toxic and 

is released in the aquatic environment from many 
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industries including electroplating, leather tanning, cement 

preservations, steel fabrication, etc. There exist various 

oxidation states for chromium in nature, among which 

Cr(III) and Cr(VI) [2]. The hexavalent state is highly 

mobile in soil and soluble in water, and is about 500 times 

more toxic than Cr(III) [3]. It is well established now that 

its toxicity provokes cancer as well as kidney, liver and 

gastric damages [4]. Hence the guidelines for water 

prescribed by the World Health Organization for Cr(VI) is 

limited at 0.05 mg/L [5]. Conventional methods for 

removing chromium including electroreduction, ion 

exchange, reverse osmosis and solvent extraction are 

either expensive or do not often reach the threshold set up 

by the water standards [6]. In this regard, biosorption is 

found to be an effective and inexpensive for Cr(VI) uptake. 

Many natural materials available in large quantities may 

have great potential as low cost biosorbents. 

The exploitation of natural biomasses for the water 

treatment has gained growing importance for the 

environmental protection. Several studies are carried out 

using available biomaterials such as, Red peanut skin [7], 

Almond Shell [8], Spirulina platensis [9], leaves of Agave 

Americana L [10], Durian shell [11], Cuttlefish Bone 

Powder [12], Seaweed [13], chestnut shell [14], and walnut 

shell [14, 15]. Their attractive features are the high 

versatility, metal selectivity and large uptake efficiencies.  

The present study deals with the biosorption of Cr(VI) 

from aqueous solution using batch process by inexpensive 

biosorbent developed from abundant biomass namely 

walnut flowers (WF). The experimental data are analyzed 

with two-parameter models (Langmuir, Freundlich and 

Temkin) and three-parameter models (Redlich–Peterson, 

Sips and Toth). Non-linear analysis is performed to obtain 

the equilibrium parameters and to find the appropriate 

model for the Cr(VI) uptake on WF. 

 

EXPERIMENTAL SECTION 

The walnut flower, obtained from local farms 

(Algiers), is thoroughly washed with water and dried at 

80 °C overnight. Then it is crushed, ground in an agate 

mortar and sieved to select a particle size of 500 µm using 

ASTM standard sieve. The Cr(VI) stock solution (1 g/L) 

is prepared by dissolving K2CrO4 (Merck, 99 %) in water. 

Concentrations down to 50 mg/L are made up by dilution. 

The batch experiments are done in a beaker (250 mL 

capacity) under constant magnetic stirring (500 rpm) to 

investigate the optimal conditions of pH, biosorbent 

amount and Cr(VI) concentration. The effect of pH is 

investigated in the pH range (1.5-7) by equilibrating WF in 

100 mL of Cr(VI) solution (100 mg/L). The pH is adjusted 

to the desired value by addition of H2SO4 or NaOH. The 

biosorbent dose ranges from 1 to 7 g/L. The aliquots are 

withdrawn at regular time intervals, the solutions are 

filtered and the supernatants analyzed for residual Cr(VI) 

concentration. Cr(VI) is determined by the diphenylcarbazide 

method [16], the violet color complex is titrated at 540 nm 

with a double beam spectrophotometer (Shimadzu 1800). 

The amount of Cr(VI) uptake and the percent biosorption 

are calculated from the Eqs. (1, 2): 

𝑞 = (𝐶𝑜 − 𝐶)
𝑉

𝑚𝑠

                                                                  (1) 

(%) =
𝐶𝑜 − 𝐶

𝐶𝑜

× 100                                                           (2) 

Fourier Transform InfraRed (FT-IR) spectra of WF 

before and after biosorption are recorded over the range 

400–4000 cm-1 using a FT-IR spectrometer (JASCO-3400) 

and the KBr technique. All the solutions are prepared from 

reagents of analytical grade quality and distilled water. 

All parameters are evaluated by the non-linear 

regression using Origine 7.5 Software. The optimization 

uses the error function to fit the experimental data.  

The correlation coefficients (R2) and the chi-square test 

(χ2) (Eq. 3) are used to measure the goodness-of-fit: 

χ2 = ∑
(qe − qi)

2

qi

N

i=1

                                                             (3) 

where: qe is the observation from the batch experiment, qi 

the estimate from the isotherm for corresponding qe and N 

the number of observations in the experimental isotherm. 

If data from model are similar to the experimental ones, χ2 

will be small [17]. 

 

RESULTS AND DISCUSSION 

Effect of contact time 

The Cr(VI) biosorption by WF depends on the contact 

time and the results (Fig.1) show that the uptake rate 

increases rapidly in the early stage and then 

progressively until it reaches an equilibrium. The 

Cr(VI) removal occurs after 50 min of shaking. The 

high rate at the beginning is due to large WF surface 

area available after which the biosorption becomes  
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Fig. 1: Effect of contact time for biosorption of Cr(VI) onto WF 

([Cr(VI)]= 100 mg/L, WF dose= 5 g/L, pH: 1.5 and 25 °C) 

 

 
Fig. 2: Effect of pH for Cr(VI) biosorption onto WF under the 

following conditions: ([Cr(VI)]= 100 mg/L, WF dose= 5 g/L 

and 25 °C) 

 

kinetically controlled by the rate of Cr(VI) transported 

to the internal sites of the biosorbent particles, thus 

requiring higher activation energies. Therefore, 1h is 

selected as the optimal time for further experiments. 

 

Effect of pH on metal removal 

The efficiency of chromium removal on WF for a 

concentration of 100 mg/L at different pHs is shown in Fig. 2. 

The biosorption declines from 100 to 10% as pH increases 

from 1.5 to 7. Such regression can be  explained by the fact 

that at acidic pH, the WF surface is highly protonated, thus 

favoring an electrostatic interaction with the  predominant 

anionic specie of Cr(VI), i.e. HCrO4
- [18]. This form is 

stable at low pHs according to the predominance diagram: 

HCrO4
−  +  H2O ⇔  CrO4

2-  +  H3𝑂+          (pKa =  6.42) 

This leads to high chromate uptake which decreases with 

increasing pH. Indeed, the OH- concentration in the 

solution raises, thus increasing the dual competition of both 

anions (HCrO4
- and OH-) to be adsorbed on the surface of 

WF. The above finding can also be supported by the point of 

 
Fig. 3. Effect of biosorbent dose for Cr(VI) biosorption onto 

WF ([Cr(VI)]= 100 mg/L, pH: 1.5 and 25 °C) 

 

zero charge (Determined from the standard technique [19] 
(pHpzc= 6.90)) for WF that justifies the complete Cr(VI) 

removal at pH 1.5 i.e., the overall surface of WF is 

protonated, and consequently suitable to adsorb the HCrO4
- 

ions. By contrast, the WF surface charge becomes negatively 

charged with increasing pH and therefore, inhibiting 

drastically the biosorption by electrostatic repulsion. Similar 

results were obtained by Luísa P. Cruz-Lopes et al. using 

walnut or chestnut shells for Cr(VI) adsorption [14]. 
 

Effect of biosorbent dose on metal removal 

The effect of the biosorbent mass is illustrated in Fig. 3. 

With increasing the WF dose from 1 to 5 g/L, the 

percentage of Cr(VI) removal increases drastically from 37 

to 100% because of the increasing number of binding sites 

and stabilizes above (5 g/L). Low uptake capacity at high 

biomass dose is attributed to the reduction of the overall 

surface area of the biosorbent by the aggregation during 

the biosorption, while the increase of removal efficiency is 

due to the increase of the vacant biosorption sites with 

more biomass existing in solution. So, the optimal 

biosorbent dose of WF is fixed at 5 g/L. 

 

Effect of initial Cr(VI) concentration 

The effect of Cr(VI) concentration (50–250 mg/L) is 

studied under optimized conditions i.e pH 1.5 with 5 g WF/L. 

The results (Fig.4) reveal that an increase of Cr(VI) 

concentration leads to a decrease in percentage of Cr(VI) 

removal from 83% to 57%, and raising in biosorption 

capacity from 9.16 to 28.41 mg/g.  

The Cr(VI) diffusion into the WF pores would be 

accelerated by increasing initiale concentration, causing 

higher driving force would surpass the mass transfer 

resistance between WF surface and Cr(VI) ions [20]. 

In the other hand, this result can be due to the enhance 

Cr(VI) diffusion within the adsorbent pore sites under the 
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Fig. 4: Effect of Cr(VI) concentration for biosorption onto WF 

(WF dose= 5 g/L, pH: 1.5 and 25 °C). 

 

influence of the concentration gradient of pollutant [21]. 

The regression in the activity is attributed to the rapid 

saturation of binding sites on WF. Above a threshold 

Cr(VI) concentration, all sites are occupied leading to a 

tendency toward saturation. By contrast, the increase of the 

biosorption capacity is due to the higher biosorption rate 

and the utilization of all active sites for biosorption at 

higher Cr(VI) concentrations. 

 

Biosorption isotherms 

Besides the well-known two-parameter models of 

Langmuir, Freundlich, and Temkin, three parameter 

models, namely Sips, Redlich–Peterson, and Toth are used 

to fit the experimental biosorption data. The linearization 

step of the isotherm equations leads to the alteration of the 

error distribution. Thus, to avoid such a problem, a non-

linear regression analysis is performed for each model.  

In this study, the isotherm data are determined using  

the Origin 7.5 Software in order to optimize the non-linear 

iteration procedure. 

 

Two-parameter models 

a) The Langmuir model is based on a homogenous 

monolayer biosorption surface [22] (Eq. (4)) 

𝑞𝑒 =
𝑞𝑚  b C𝑒

1 + b C𝑒

                                                                       (4) 

Fig. 5a illustrates the plots at 25 °C. The model fits 

relatively well the experimental data (Table 1), as high 

correlation coefficients and low chi-square values are 

obtained for the studied concentrations range, indicated  

the biosorption of Cr(VI) adopted a monolayer adsorption 

profile onto the homogeneous biosorbent surface and  

the affinity of all biosorption sites worms the Cr(VI) was 

Table 1: Isotherm constants of two-parameter models for Cr(VI) 

biosorption onto WF (WF dose= 5 g/L, pH 1.5 and 25 °C) 

Isotherm Parameter Values 

Langmuir 

qm 34.635 

b 0.047 

R2 0.995 

χ2 0.103 

Freundlich 

nf 2.693 

kf 5.402 

R2 0.930 

χ2 1.343 

Temkin 

bTe 0.331 

aTe 0.421 

R2 0.985 

χ2 0.634 

 

Table 2: The separation factor versus initial Ni2+ concentration 

(WF dose= 5 g/L, pH 1.5 and 25 °C) 

Co (mg/L) 50 75 100 125 150 175 200 250 

RL 0.137 0.096 0.074 0.060 0.050 0.043 0.038 0.099 

 

equal [23]. The parameter b, representing the biosorption 

affinity of the binding sites, indicates a fair ability of WF 

biomass for the removal of Cr(VI).  

The Langmuir model whose main feature can be 

expressed in terms of dimensionless separation constant 

(RL) is given by (Eq. (5)) [24]: 

𝑅𝐿 =
1

1 + b C𝑜

                                                                       (5) 

The RL value indicates the type of isotherm: unfavorable 

(RL> 1), linear (RL= 1), favorable (0< RL< 1) or irreversible 

(RL= 0). The calculated RL values for different Cr(VI) 

concentrations are shown in Table 2. It can be seen that RL 

drops in the range 0–1 in all experiments, thus confirming 

the favorable uptake Cr(VI) by WF. 

b) The Freundlich model is suitable for 

heterogeneous surfaces [25] (Eq. 6): 

𝑞𝑒 = 𝑘𝑓  C𝑒

1 𝑛𝑓⁄
                                                                        (6) 

The values of 1/nf and kf correspond to the biosorption 

intensity and maximum biosorption capacity respectively. 

Fig. 5a shows the plots at 25 °C and the isotherm 

parameters for modeling the experimental results with the 

equation (6) are given in table 1. It is generally stated 

that the values of nf in the range 2–10 represent good,
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Fig. 5: Comparison of different models for Cr(VI) adsorption onto WF (WF dose= 5 g/L, pH 1.5 and 25 °C) 

 

2-1 moderately difficult, and less than 1 poor biosorption 

characteristics [26]. The studied material is classified in 

the first category (good biosorbent) for Cr(VI) (nf> 2). 

However, the correlation coefficients indicate that the data 

are badly correlated compared to the Langmuir model, 

suggesting the inapplicability of the Freundlich isotherm 

to describe the Cr(VI) biosorption on WF. 

c) The Temkin isotherm [27] assumes that the 

decrease in the biosorption heat is linear rather than 

logarithmic, and supposes (i) the heat of biosorption in the 

layer decreases linearly with the coverage due to 

biosorbent–Cr(VI) interaction, (ii) the biosorption is 

characterized by a uniform distribution of binding energies, 

up to a maximum, this adsorption isotherm model only valid 

for intermediate concentration ranges. The isotherm  

is commonly applied in the following form (Eq. (7)): 

𝑞𝑒 =  
RT

𝑏Te

 ln (𝑎Te C𝑒)                                                           (7) 

The parameters are gathered in Table 1. The correlation 

coefficient (R2) approaches 0.985, thus confirming the best 

fit of the equilibrium data, compared with the Freundlich 

one. However, the model remains less good than that of 

Langmuir. The variation of biosorption energy bT is 

positive, indicating an exothermic biosorption reaction [28]. 

In the present investigation, the data are analyzed by 

two-parameter models namely the Langmuir, Freundlich 

and Temkin isotherms. The Langmuir model is the most 

appropriate to describe the isotherm data with high R2 and 

low χ2 values whose basic assumption is based on 

monolayer coverage of Cr(VI) onto the WF surface. 

 

Three-parameter models 

a) The Redlich–Peterson (R-P) model combines 

both the Langmuir and Freundlich ones and the hybrid 

mechanism does not follow a monolayer biosorption [29] 

(Eq. (8)): 

𝑞𝑒 =
𝐾𝑅 C𝑒

1 + 𝑎𝑅𝐶𝑒
𝑔                                                                      (8) 

It is helpful to outline that for g= 1, the equation converts 

simply to the Langmuir isotherm while for g= 0, it simplifies 

to the Henry’s law. For 1 << 𝑎𝑅.C𝑒
𝑔
, it is identical to the 

Freundlich isotherm. The R–P equation provides a best fit 

over the whole concentrations range with R2 close to unity 

(Fig. 5b and Table 3). g~ 1 and this means that the isotherm 

approaches rather the Langmuir model.  

b) The Sips model converts to the Freundlich one at low 

concentrations and does not obey to the Henry’s law.  

On the contrary, at high concentrations the model predicts 

a monolayer biosorption capacity, characteristic of the 

Langmuir isotherm [30] (Eq. (9)): 

𝑞𝑒 =
𝑞max  b𝑠𝐶𝑒

𝑛𝑠

1 + 𝑏𝑠𝐶𝑒
𝑛𝑠

                                                                   (9) 

The maximum biosorption capacity (31.37 mg/g) is 

slightly smaller than that of Langmuir (34.63 mg/g). The 

ns coefficient (1.23) indicates that the WF surface is 

homogeneous in nature and the Cr(VI) biosorption is more 

of Langmuir form rather than that of Freundlich. The main 

feature of the Sips isotherm is expressed by the 

dimensionless constant (RS), referred to the equilibrium 

parameter or separation factor [31] (Eq. (10)):  

𝑅𝑆 =
1

(1 + 𝑏𝑆  C𝑜)𝑛𝑆
                                                           (10) 

The variation of RS with Co is shown in Table 4 RS 

lies between 0.377 and 0.077 in the range (50-250 mg/L) 

and approaches zero with increasing Co. The parameter 

RS (< 1) indicates that WF is a suitable biosorbent for 

Cr(VI) species. 
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Table 3: Isotherm constants of the three-parameter models for 

Cr(VI) biosorption onto WF (WF dose= 5 g/L, pH 1.5 and 25 °C) 

Isotherm Parameter Values 

Redlich-Peterson 

KR 1.379 

aR 0.021 

g 1.130 

R2 0.999 

χ2 0.046 

Sips 

qmax 31.374 

bs 0.030 

ns 1.232 

R2 0.999 

χ2 0.009 

Toth 

qmax 30.699 

bT 0.041 

nT 1.418 

R2 0.999 

χ2 0.010 

 

Table 4: The separation factor versus initial Ni2+ concentration 

(WF dose= 5 g/L, pH 1.5 and 25 °C) 

Co (mg/L) 50 75 100 125 150 175 200 250 

RS 0.378 0.270 0.205 0.164 0.135 0.115 0.099 0.077 

 

c) The Toth isotherm, derived from the potential 

theory, has yet to prove its success in describing the 

biosorption of metals in heterogeneous systems [32].  

It assumes an asymmetrical quasi-Guaussian energy 

distribution with a widened left-hand side or in other words, 

a continuous distribution of the site affinity (Eq. (11)): 

𝑞𝑒 =
𝑞max  b𝑇𝐶𝑒

[1 + (𝑏𝑇𝐶𝑒)1 𝑛𝑇⁄ ]𝑛𝑇
                                                 (11) 

For nT= 1, the isotherm converts to the Langmuir 

equation. The chi-square test (χ2= 0.01) confirms the best 

equilibrium fit compared to the R-P model but is not as 

good as the Sips one as evidenced from χ2 (Table 3). 

Indeed, the nT value (1.418), indicates that the isotherm 

approaches the Langmuir one. 

 In the light of the data, all the three-parameter models 

gave appreciable fits with the experimental results. 

However, the best fit is obtained with the Sips model 

although the difference in the modeling with the other 

models is not very marked. The χ2 values for the Toth and 

R-P models are greater than that of Sips. 

Table 5: Biosorption capacities of different biosorbents for 

Cr(VI) removal from water 

Biosorbent qmax (mg/g) References 

tea factory waste 54.65 [33] 

pistachio hull waste 116.30 [ 34] 

coconut fibres 87.38 [ 35] 

durian shell waste 10.75 [36] 

Red Peanut Skin 117.00 [13] 

Ocimum americanum L. seed pods 44.05 [7] 

Aspergillus niger 83.33 [37] 

Walnut shell 16.41 [38] 

Walnut flowers 34.63 This study 

 

Comparison of biosorption isotherms 

The biosorption isotherms are fitted to two and three 

parameter models using Origin 7.5. The values of R2 and 

χ2 obtained from the isotherms show the best fits to the 

experimental values using the different equations and are 

satisfactory for Sips and Langmuir models. The fact that 

the Langmuir isotherm fits, well the experimental data may 

be due to the predominantly homogeneous distribution of 

active sites on the WF surface, since the model assumes a 

biosorbent surface energetically homogeneous. 

The maximum Cr(VI) biosorption capacity (qm) of WF 

is compared with other biosorbents reported in the literature 

(Table 5) where qm has not been derived specifically. As one 

can see, the biosorption capacity of Cr(VI) on WF has an 

intermediate value. Furthermore, WF seems to be a 

performing biosorbent. In addition, the low cost, the local 

availability and renewability makes WF competitive with 

other biosorbents. Therefore, using this biomass to remove 

other pollutants is quite interesting for further studies. 

 

Proposed mechanisms  

FT-IR spectra are used to provide information  

on the biosorption mechanism on WF (Fig. 6). The strong 

band at 3420 cm-1 are due to N–H and O–H stretching 

vibrations of hydroxyl and amine groups on the biomass 

surface. Strong absorption bands at 2924.6 and 2854.4 cm-1 

correspond to stretching of C-H bonds of the methyl and 

methylene groups. The weak peak centered at 2361.5 cm−1 

is assigned to adsorbed CO2 from air, confined in the pores 

of the samples [37]. Peaks at 1634 and 1590 cm−1 indicate 

the presence of C=O groups and N–H bending of amine 

groups respectively. The two peaks at 1457 and 1422 cm−1  
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Fig. 6: FT-IR spectra of WF ([Cr(VI)]= 100 mg/L, WF dose= 5 g/L, 

pH 1.5 and 25 °C) 

 

are attributed to the C–H deformation vibrations and COO 

groups respectively. A significant shift of these peaks from 

1634 to 1651cm−1 and 1422 to 1430 cm−1 occurs probably 

due to the fact that carboxylic groups are protonated at pH 

1.5 and make surface positively charged which is 

responsible for the biosorption of Cr(VI). The peak centered 

at 1382 cm−1 indicates the presence of C–H aliphatic 

bending whereas the peaks at 1318.6 and 1153 cm−1  

are assigned to the C–N stretching vibration. The peaks  

at 1234 cm-1 representing C–O stretching, observed in 

aromatic rings due to –OCH3 group also confirms the 

presence of lignin structure in WF which shifts to 1228 cm-1 

in Cr(VI) loaded WF, indicating that these functional groups 

participate in Cr(VI) binding. The peak at 1055 cm−1  

is assigned to the stretching vibration of C–OH of alcoholic 

groups. The disappearance of the peak at 516 cm-1 indicates 

C-N-C asymmetric stretching that is a consequence of 

Cr(VI)-loaded biomass. These amino groups are protonated 

at acidic pHs and the negatively charged chromate (HCrO4
-) 

becomes electrostatically attracted by the positive charge 

amines in conformity with pHpzc. The biosorption on WF 

may be due to complexation with functional groups.  

The relatively small shift in the wave number may be due to 

the perturbation of the bonding material energy when  

a ligand coordinates to a Cr(VI), the Cr(VI) ions was 

adsorbed on the WF surface by the functional groups that 

have shifted bands [39-41] and a physical biosorption could 

be expected. In the other hand, the differences in the band 

intensity can be attributed to interaction of Cr(VI) ions with 

functional groups on the adsorbent surface. 

 

CONCLUSIONS 

This study showed that an inexpensive and locally 

available agricultural by product namely walnut flower  

is successfully applied for Cr(VI) biosorption. The complete 

biosorption is obtained at pH 1.5 and the equilibrium  

is reached in less than 50 min. Moreover, the results 

indicated that, the equilibrium isotherm data are fitted 

using different models. The Langmuir and Sips models are 

the most appropriate to fit the experimental data. The FT-IR 

analysis confirmed the interactions between Cr(VI) and 

biosorbent surface. The results and the comparison to 

various biosorbents reported in the literature showed that 

the walnut flower biomass is an efficient biosorbent. 

 

Nomenclature 

The equilibrium binding constant (L/mg) Tea 

The R–P constant (L/mg) Ra 

The Langmuir constant (L/mg) b 

The Sips constant Sb 

The Toth constant Tb 

The Temkin constant related to heat of biosorption 

(kJ/mol) 
Teb 

Residual Cr(VI) concentration at equilibrium (mg/L) eC 

Initial Cr(VI) concentration (mg/L) oC 

The R–P exponent g 

The Freundlich constants (
𝐿

1
𝑛

𝑚𝑔
1
𝑛

−1
𝑔

) fk 

The R–P constant (L/g) RK 

Biosorbent dosage (g/L) sm 

The Freundlich constants fn 

The Sips constant related to heterogeneity factor Sn 

The Toth exponent Tn 

Cr(VI) Amount adsorbed at equilibrium (mg/g) eq 

The maximum biosorption capacity (mg/g) mq 

Cr(VI) Amount adsorbed at any time (mg/g) tq 

Universal gas constante R 

Correlation coefficient 2R 

Dimensionless separation factor of Langmuir LR 

Dimensionless separation factor of Sips SR 

Temperature (K) T 

Time of biosorption (min) T 

Volume of the solution (L) V 

The chi-square test 2χ 
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