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Abstract 

 

Corn residual biomass has been recognized as an environmentally friendly potential 

biosorbent for heavy metals. The objective of this study was to apply biosorbent 

from corn cob (Zea Mays) for removing Cr (VI) ions. In addition, the corn cob 

biomass was modified with citric acid in order to evaluate the effect of this chemical 

modification on adsorption capacity. The solution pH was adjusted to 2, 3, 4 and 6 

to determine suitable operating conditions for further experiments. Different 

particle sizes (1, 0.5 and 0.35 mm) of biosorbent were also considered. It was found 

that the highest removal yield (39.8%) was achieved at pH=2 and particle size=0.35 

mm. Batch adsorption experimental results were fitted to Langmuir and Freundlich 

models. The Freundlich model best fitted data with parameter Kf of 3.035 and 0.161 

mg/g for corn cob and modified corn cob biosorbent, respectively. These results 

indicated that corn cob biomass and the resulting material after chemical 

modification can be used as biosorbents for Cr (VI) uptake from aqueous solution.  
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1. Introduction  
Heavy metal ions in water sources is an issue of major concern due to the risk to  
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human health when these metals are released into the environment [1]. In addition, 

they are known to be non-biodegradable and can accumulate in living organisms 

[2]. The Cr (VI) is considered a toxic oxidant agent with mutagenic and 

carcinogenic properties [3]. Chromium is widely applied in mining, tanneries and 

electroplating industries becoming as the most common heavy metal as 

groundwater pollutant [4, 5]. Different cost-effective methods have been applied to 

remove heavy metal ions from aqueous solution as membrane filtration, chemical 

precipitation and ion exchange [6]. Nevertheless, these technologies seems to carry 

drawbacks in terms of cost effectiveness, efficiency and inability to treat trace 

concentrations of metal ions [7]. To deal with these disadvantages of conventional 

methods, scientific community have made an effort on seeking suitable alternatives 

to mitigate environmental effects of heavy metals water pollutants. Bioadsorption 

is recognized as a promising alternative for heavy metal ions uptake due to its high 

efficiency and sustainable nature of lignocellulosic materials obtained from 

agroindustrial wastes [8]. Many biosorbents from agricultural residual biomass 

have been used in Cr (VI) uptake as peels from orange [9], pineapple [10], pomelo 

[11], litchi [12], among others. Corn (Zea Mays) is one of the three main cereal 

crops in the world [13]. However, corn crops produce a large amount of 

lignocellulosic biomass in agriculture sector including stover, cob, stalks, leaves 

and husks [14].  In this work corn cob biomass was used as biosorbent to remove 

Cr (VI) from aqueous solution. In addition, this biomass was chemically modified 

with citric acid and the adsorption capacity of both materials was evaluated. The 

effect of pH and particle size of biosorbent were considered to identify suitable 

operating conditions for carrying out further experiments. The adsorption 

mechanism was described by isotherm models as Langmuir and Freundlich.  

 

2. Materials and Methods 
 

2.1. Preparation of biosorbent  

The corn cobs (Zea Mays) were collected from a local market and washed 

thoroughly with distilled water in order to remove soluble materials and surface-

adhered particles. Afterward, they were dried in an oven at 90ºC during 24. The 

dried biomass was grounded and sieve-meshed to particle sizes of 1, 0.5 and 0.35 

mm.  

 

2.2. Modification with citric acid   

The biomass was modified with citric acid according to the methodology described 

by Sun et al. [15] . In brief, 13.5 g of corn cobs were mixed with 33.5 mL of 0.5 M 

citric acid solution. The resulting mixture was kept under continuous stirring at 150 

rpm and 60ºC during 2 hours. In order to remove the remaining acid, the modified 

biosorbent was rinsed with deionized water and dried during 24 hours at 55ºC.   

 

2.3. Characterization of biosorbents 

The resulting biosorbents from corn cob biomass was characterized by Fourier 

Transform Infrared Spectroscopy (FT-IR) to identify chemical functional groups in  
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this biomaterial before and after adsorption. The spectra was recorded on Nicolet 

6700 spectrophotometer in the range between 4000-500 cm-1.  

 

2.4. Batch adsorption experiments  

 

Stock solution (500 ppm) was prepared by adding 0.15 g of K2Cr2O7 in 100 mL of 

deionized water. Then, 20 mL of this solution was mixed with 80 mL of deionized 

water in order to obtain 100 mL of chromium solution at 100 ppm. The remaining 

heavy metal ions concentration after adsorption was determined by UV/Vis 

Shimadzu UV 1700 spectrophotometer using diphenylcarbazide acid solution as 

reported by Doria y Herrera [16]. The biosorbent was kept in contact with Cr (VI) 

solution during 2 hours under vigorous stirring on a stirrer plate. The adsorbent 

amount and temperature were fixed in 0.5 g and 30 °C, respectively. The effect of 

solution pH was evaluated, hence, it was adjusted to 2, 3, 4 and 6 by adding 0.5 N 

HCl or NaOH solution. In addition, batch adsorption experiments were also 

performed using biosorbent with different particle sizes (1, 0.5 and 0.35 mm) under 

suitable pH. The heavy metal ions removal yield was calculated by Equation 1, 

where Co (mg/L) is the initial concentration of chromium ions in the solution, Ce 

(mg/L) is the concentration of Cr (VI) ions at equilibrium, m (g) is the dried mass 

of biosorbent and V (L) is the volume of the sample.  

 

𝑅 =
(𝐶0 − 𝐶𝑒)

𝐶0
∙ 100%    (1) 

These experimental results were fitted to Langmuir and Freundlich isotherm in 

order to determine the model that best describes adsorption process.  

 

3. Results and Discussion  
 

3.1. Characterization of biosorbents 
 

FT-IR analysis was used to identify main functional groups in biosorbents spectra 

before and after Cr (VI) uptake. As shown Figure 1, raw corn cob exhibited a sharp 

adsorption band at 3300 cm-1 assigned to OH stretching vibrations [17]. Other peaks 

were observed around 1732, 1615, 1684 and 1558 cm-1, which are attributed to 

carbonyl group stretching vibration (C=O), double bond C=C, C-H and C-O, 

respectively [18]. These functional groups are characteristic of carboxyl, aromatic 

rings, methyl, methoxy and hydroxyl groups widely present in pectin, hemicellulose 

and lignin components of corn biomass [19]. After adsorption process, the corn cob 

spectra showed that main characteristic peaks have shifted to lower frequencies 

suggesting the interaction of biosorbent functional groups with Cr (VI) ions [20]. 

For corn cob modified with citric acid, the peak at 3340 cm-1 assigned to OH in 

carboxylic group confirms that biosorbent surface was successfully modified with 

this acid as reported Zhu et al. [21] and Monroy-Figueroa et al. [22].  
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Figure 1. FT-IR spectra of biosorbents before and after adsorption: a) modified 

corn cob, b) modified corn cob-Cr (VI), c) corn cob-Cr (VI) and d) corn cob.  

 

 

3.2. Batch adsorption experiments 
 

Effect of pH and particle size on Cr (VI) ions adsorption 

 

Figure 2-a) shows the removal yields achieved after adsorption process using 0.35 

mm particle size of corn cob biosorbent under different solution pH (2, 3, 4 and 6). 

It was observed that removal yield decreased as pH increased suggesting that 

adsorption capacity of corn biomass is strongly influenced by pH solution. This can 

be attributed to protonation of biosorbent surface at acid pH, which enhances Cr 

(VI) ions uptake [23]. The highest removal yield of 39.8% was reached at pH=2. In 

addition, Tejada-Tovar et al. [4] reported that chromium ions have predominant 

form of Cr2O7
2- and HCrO4

- at pH ranged in 2-6, which exhibit higher affinity than 

other forms at pH above 6.  

 

As shown in Figure 2-b), particle size plays an important role for removing heavy 

metal ions from aqueous solution. The highest removal yield was achieved using 

the smallest particle size (0.35 mm). It is well known that adsorption technology is 

based on a surficial process, in which high biosorbent surface increases adsorption 

capacity[24]. Hence, these results were expected due to the high surface area of 

small size-particles and availability of active sites in corn biomass to interact with 

Cr (VI) ions [25].  
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Figure 2. Effect of pH on Cr (VI) removal yield using corn cob biosorbent.  

 

 
 

Figure 3. Effect of particle size on Cr (VI) removal yield using corn cob 

biosorbent  

 

Adsorption isotherms 

 

Table 1 summarizes parameters of Langmuir and Freundlich models for both corn 

cob and modified corn cob biomasses. It was found that Freundlich isotherm best 

described adsorption process suggesting a multilayer adsorption onto 

heterogeneous biomass surface and no uniform distribution of heat. In addition, the 

parameter n provides information concerning favourability of adsorption. The 

values of n were 0.399 and 0.94 for corn cob and modified corn cob biosorbents, 

which are in the range of 1-10 for favourable adsorption as reported Arslan et al. 

[9]. The Langmuir model also fitted experimental data with higher sum of square 

error (SSE). The maximum adsorption capacity was 14.81 mg/g for corn cob 

biosorbent and 208.93 mg/g for biomass modified with citric acid. The parameter b 

reported low values indicating that Cr (VI) adsorption mechanism onto biosorbents 

are mainly limited by Van der Waals forces[26].  
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Table 1. Parameters of Langmuir and Freundlich models for adsorption of Cr (VI) 

onto biosorbents 
 

Model Equation Parameter Corn cob 

biosorbent 

Modified corn 

cob biosorbent 

Langmuir 

  
𝑞𝑒 = 𝑞𝑚𝑎𝑥

𝑏𝐶𝑒
1 + 𝑏𝐶𝑒

 
qmax maximum amount 

of adsorbed metal/mass 

of biomass (mg/g) 

14.81 208.92 

b affinity of union sites 

Ce concentration of the 

metal 

0.127 0.00063 

SSE 1.64 7.06 

Freundlich 
𝑞𝑒 = 𝐾𝑓 𝐶𝑒

1
𝑛⁄

 
Kf indicator of 

absorption capacity 

(mg/g) 

3.035 0.161 

n absorption intensity 2.51 1.06 

SSE 0.767 6.97 

 

4. Conclusions  
 

This work attempted to study adsorption process of Cr (VI) onto biosorbents 

prepared from corn cob residual biomass. It was found that pH=2 and particle 

size=0.35 mm are suitable operating conditions for carrying out further 

experiments. The data obtained from batch adsorption experiments were fitted to 

Langmuir and Freundlich models. Freundlich isotherm best described adsorption 

process with SSE=0.767 and 6.97 for corn cob and modified corn cob biosorbents, 

which indicated that Cr (VI) uptake using this biomass is mainly controlled by 

multilayer chemical adsorption. The favorability of Cr (VI) ions removal from 

aqueous solution was confirmed by parameter n, which was in the range of 1-10 for 

both materials considered in this study. These biosorbents from corn cob residual 

biomass offers an attractive alternative for both mitigating environmental effects of 

heavy metals in water sources and reutilizing agricultural wastes.  
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