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Abstract 

 

Low-cost materials have been widely investigated to be used for removing water 

pollutants as heavy metals. The kinetic and dynamic of adsorption Cr (VI) onto corn 

cob and chemically modified corn cob biosorbents were studied. Batch adsorption 

experiments were performed under solution pH=2 and the results were used for 

determining kinetic model (pseudo-first order, pseudo-second order, Elovich and 

intraparticle diffusion) that best describes adsorption process over time. In addition, 

adsorption process was carried out in packed-bed columns to construct 

concentration-like profile and calculate parameters of dynamic models as Thomas, 

Adams-Bohart, Yoon-Nelson and dose-response. Desorption-adsorption cycles 

were also performed to analysis capacity of biomass to be regenerated. It was found 

that pseudo-second order best fitted experimental data for corn cob biomass with 

𝑘2 =  0.00098 g/mg min and 𝑞𝑒,2 = 15.05 mg/g. The reduction in adsorption 

capacity after chemical modification indicated that corn cob biosorbent is 

recommended for further studies. Dynamic process using corn cob biosorbent 

obeyed Thomas model with 𝑘𝑇ℎ = 0.039 mL/mg min and 𝑞𝑜 = 2.1 mg/g. The 

desorption study revealed that this biomass can be regenerated and reused in 

consecutive cycles, which make it attractive for being applied in industrial-scale 

processes.  
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1. Introduction  
 

Over the past decades, water pollution has been recognized as an issue of major 

concern due to the need for preserving human health and environment [1]. A wide 

variety of contaminants as heavy metals have been discharged in water sources [2]. 

Many techniques have been employed for treating wastewater, however, 

biosorption is considered an environmentally friendly alternative due to its low cost 

and easy operation [3]. Different biomass and biomass-derived biosorbents have 

been used in recent studies based on the cost-to-performance ratio [4]. Agricultural 

wastes from peels, husk and hull of many crops are source of biomass [5]. The lack 

of effective disposal of biomasses has led to develop suitable strategies of 

utilization [7]. Corn (Zea Mays) is considered one of the major crops that grows 

worldwide and provides huge amounts of lignocellulosic biomass [6]. Hence, its 

application in heavy metals removal contributes to reduce contamination of water 

sources and solve disposal problems. In this work, adsorption process of Cr (VI) 

onto corn cob biosorbents was studied in terms of kinetics and dynamics models, 

which provide information concerning biosorbent-heavy metal ions interaction. 

Experiments in continuous and batch mode were implemented and these results 

were used to determine model parameters through nonlinear regression.  

 

2. Materials and Methods 
 

2.1. Biosorbents preparation: The biosorbents were prepared from corn cobs 

collected as agricultural waste. This biomass was washed with distilled water and 

dried in an oven at 90°C for 24 h. Afterward, its particle size was reduced to 0.35 

mm by grounding and sieve-meshing. To obtain chemically modified biosorbent, 

13.5 g of biomass was added to 33.5 mL of 0.5 M citric acid solution as pointed out 

by Sun et al. [8]. This procedure was carried out under continuous stirring at 150 

rpm for 2 h. The resulting material was washed with deionized water and dried.  

 

2.2. Adsorption kinetic experiments: Batch experiments were carried out to 

determine the contact time required for reaching adsorption equilibrium. In brief, 

0.5 g of biosorbents were mixed with 100 mL of stock solution (100 ppm) under 

vigorous stirring and room temperature. Potassium chromate was purchased from 

Sigma Aldrich and used to prepare stock solution. The pH was adjusted to 2 by 

adding 0.1 N HCl or NaOH solution. Aliquots (5 mL) were taken between 10-330 

minutes and the residual concentration of Cr(VI) was measured by UV-Vis 

Shimadzu UV 1700 spectrophotometer using 1, 5-diphenylcarbazide[9]. 

Experimental results were fitted to the following kinetic models: pseudo-first order, 

pseudo-second order, Elovich and intraparticle diffusion.  

 

2.3. Adsorption experiments in continuous system: Dynamic adsorption process 

was performed in four packed-bed columns with diameter =3.5 cm and height =18.5  
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cm. A pump and nine flow valves were required for distributing Cr (VI) solution 

through the columns.  The flow rate was set in 0.1 mL/s and columns were packed 

with the biosorbents previously prepared. Aliquots (5 mL) were collected after 

contact time of 270 min in order to predict the concentration-like profile and fit 

experimental data to different dynamic adsorption models (Thomas, Adams-

Bohart, Yoon-Nelson and Dose-response).  

 

2.4. Desorption study: The reusability of biosorbents plays an important role in 

applying biomass for removing heavy metal ions. Hence, desorption study was 

performed by adding used corn cob biosorbent to 25 mL of 0.2 M acid chloride 

under constinous stirring for 30 min as reported Tytłak et al. [10]. After elution, 

biomass was washed thoroughly with distilled water to remove acid traces.    

 

3. Results and Discussion  
 

3.1. Adsorption kinetic experiments: The kinetic study is important for analysing 

adsorption process over time. Figure 1 shows experimental data fitting using kinetic 

models: pseudo-first order, pseudo-second order, Elovich and intraparticle 

diffusion [11]. As is observed, the maximum adsorption capacity for both corn cob 

based biosorbents was achieved after 270 min of contact time, after that time, 

adsorption process started to be stable indicating saturation of active sites.   

 

 
 

Figure 1. Cr (VI) adsorption experimental data fitting to kinetic models for: a) 

corn cob and b) chemically modified corn cob biosorbents.  

 

The statistical analysis of experimental data revealed that pseudo-second order best 

described adsorption process over time using corn cob biosorbent. As is 

summarized in Table 1, parameters of this model are 𝑘2 =  0.00098 g/mg min and 

𝑞𝑒,2 = 15.05 mg/g. These results suggested that heavy metal ions can be adsorbed 

onto two active sites of biomass. Elovich model also exhibited good fitting with 

SSE of 10.55, which indicated that adsorption of Cr (VI) takes place on particle 

pores of heterogeneous surficial materials [12].  
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In order to increase adsorption capacity of corn cob biomass, chemical modification 

with citric acid was carried out. The highest adsorption capacities of 15.05 mg/g 

and 9 mg/g were obtained for corn cob and modified corn cob biosorbents, 

respectively.  Experimental results using modified corn cob biosorbent showed a 

reduction in adsorption potential of biomass, which could be attributed to a coating 

of this material due to unsuccessful interaction or reaction with modifying agent. 

 

Table 1. Parameters of adsorption kinetic models for Cr (VI) uptake using corn 

cob and chemically modified corn cob biosorbents 
 

Kinetic 

models 

Equations Parameters Corn cob 

biosorbent 

Modified 

corn cob 

biosorbent 

 

 

Pseudo-first 

order 

 

 

𝑞𝑡 = 𝑞𝑒(1 − 𝑒−𝑘𝑡) 

qe, Adsorption 

capacity at 

equilibrium 

(mg/g) 

12,48 7.809 

k1, pseudo-1st-

order constant 

(min-1) 

0,012 0.019 

SSE 17,477 6.285 

 

 

Pseudo-

second 

order 

𝑞𝑡 =
𝑡

(
1

(𝑘2𝑞𝑒
2)

) + (
𝑡

𝑞𝑒
)
 

 

k2 pseudo-2nd-

order constant 

(g/mg.min) 

0,00098 0.0028 

qe, Adsorption 

capacity at 

equilibrium 

(mg/g) 

15,05 9 

SSE 11,841 3.56 

 

 

 

Elovich 

𝑞𝑡 =
1

𝛽
ln(𝛼𝛽) +

1

𝛽
ln 𝑡 

 

β, Elovich 

exponent 

(g/mg) 

0,35 0.559 

α, Elovich 

constant (mg/g 

min) 

0,69 0.568 

SSE 10.548 2.47 

Intraparticle 

diffusion 

𝑞𝑡 = 𝑘√𝑡 k, diffusion 

constant 

0,77 0,52 

SSE 20.329 10.198 

 

3.2. Adsorption experiments in continuous system: Figure 2 shows 

concentration-like profile for Cr (VI) adsorption onto corn cob biosorbent. The 

breakthrough time was observed after 180 min of packed-bed column operation. At 

this point, adsorption capacity (𝑞𝑏𝑟𝑒𝑎𝑘𝑡ℎ𝑟𝑜𝑢𝑔ℎ) was 15.43 mg/g.  
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Figure 2. Concentration-like profile and experimental data fitting to dynamic 

models  

 

Different dynamic models were used to describe concentration-like profile through 

the packed-bed columns. Table 2 summarized parameters for Thomas, Adams-

Bohart, Yoon-Nelson and Dose-response models obtained by nonlinear regression. 

It was found that Thomas model best fitted experimental results for corn cob 

biomass with 𝑘𝑇ℎ = 0.039 mL/mg min and 𝑞𝑜 = 2.1 mg/g. This model is 

appropriate for non-axial dispersion of flows through the columns due to kinetic 

adsorption obeys second order with reversible reaction as reported by El Bahy et al. 

[13] and Gong et al. [14].  

 

Table 2. Parameters of adsorption dynamic models using corn cob and chemically 

modified corn cob biosorbents 

Model Parameter Value 

Thomas (Th) 

𝑘𝑇ℎ (mL mg-1 min-1) 0.039 

𝑞𝑜  (mg g-1) 2.1 

𝑅2 0.939 

SS 0.013 

Adams-Bohart (AB) 

𝐾𝐴𝐵 (L mg-1 min-1) 0,0000001 

𝑁𝑜 (mg L-1) 600 

𝑅2 0.654 

SS 0.149 

Yoon-Nelson (YN) 

𝑘𝑌𝑁 (min-1) 0.861 

τ (min) 10.59 

𝑅2 0.733 

SS 0.11 

Dose-response (DR) 

𝑎 3.644 

𝑞𝑜  (mg g-1) 4.224 

𝑅2 0,881 

SS 0.3045 
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3.3. Desorption study: Biosorbents regeneration plays an important role for using 

materials in industrial-scale applications because of the reduction of operating 

costs. Therefore, desorption study was performed in batch mode using three 

consecutive cycles of sorption-desorption. As is shown in Figure 3, corn cob 

biomass can be used for further adsorption process after being treated with HCl. 

However, removal yield was reduced from 54.5 % to 46.1 during the third cycle. 

The regeneration was incomplete due to structural changes in biosorbent surface 

attributed to no electrostatic forces between biomass and heavy metal ions as 

pointed out by Sarada et al.[15] and Rangabhashiyam & Selvaraju [16].  

 

 
Figure 3. Desorption-adsorption experiments for Cr (VI) ions uptake using corn 

cob biosorbent in batch mode  

 

4. Conclusions  
 

This research was focused on studying kinetic and dynamic of Cr (VI) uptake onto 

low-cost material obtained from corn residual biomass. For adsorption kinetics, 

pseudo-second order model best described experimental results with 𝑞𝑒,2 =
15.05 and 9 mg/g for corn cob and chemically modified corn cob biomass. The 

reduction in adsorption capacity indicated that modification with citric acid did not 

enhance Cr (VI) uptake as was expected. Concentration-like profile obtained from 

adsorption experiments on packed-bed columns revealed that breakthrough time 

was 180 min and Thomas model fitted appropriately this dynamic process with 

parameters 𝑘𝑇ℎ = 0.039 mL/mg min and 𝑞𝑜 = 2.1 mg/g. In addition, it was 

observed that removal yield reduced from 54.4 to 46.1 % after the third desorption-

adsorption cycle suggesting that this biomass can be reused for further Cr (VI) 

removal experiments.  
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