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ABSTRACT 

The toxicity of arsenic has drawn a lot of attention to its presence in groundwater resources. In this study, 

As(III) was removed from aqueous solution using Zr(IV)-loaded modified maize cob (Zr(IV)-MMC). FTIR and 

XRD analysis confirmed effective modification of maize cob, whereas SEM images revealed surface 

roughening after Zr loading and EDX confirmed that As(III) was adsorbed onto Zr(IV)-MMC. Zr(IV)-MMC 

showed a good adsorption capacity (qmax = 43.26 mg/g, pH = 9.0), and with 2M NaOH, the desorption rate could 

reach 95.24%, making it a promising regenerable adsorbent. The Langmuir isotherm and pseudo-second order 

(PSO) kinetics models provided a good fit to the experimental data. The adsorption of As(III) onto Zr(IV)-MMC 

was most interfered with by phosphate out of the co-existing ions: sulphate, phosphate, chloride, and nitrate. For 

the desorption of adsorbed As(III) for regeneration, a 2M NaOH solution proved to be an efficient eluent. This 

study shows that the low-cost Zr(IV)-MMC adsorbent is an economical, eco-friendly, and effective adsorbent 

that not only safely eliminates As(III) from water but also enables recycling and reuse of the biowaste. 
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INTRODUCTION 

Arsenic is a widespread element in the Earth's crust 

that naturally occurs in soil and water from rock 

leaching, in addition to human actions including 

mining, burning fossil fuels, and spraying pesticides 

(Aryal et al., 2010). As(III) can exist in aquatic 

systems in oxidation states of -3, 0, +3, and +5, and it 

is more hazardous than As(V) and organic arsenicals 

(Thapa & Pokhrel, 2013). Arsenate [As(V)] and 

arsenite [As(III)] are the stable dissolved species, 

with H₂AsO₄⁻ dominant at pH 3–7 and HAsO₄²⁻ at 

pH 7–11 in oxidized waters. When reducing 

circumstances are present, neutral H₃AsO₃ is 

dominant. The WHO has established a limit of 10 

µg/L for arsenic in drinking water, but China, 

Bangladesh, and Nepal have a preliminary guideline 

of 50 µg/L (Chand et al., 2015). 

Ion exchange, oxidation with ozone and chlorine, 

lime treatment, adsorption, co-precipitation with iron 

or alum, membrane processes like reverse osmosis, 

and technologies involving plants and microbes are 

some of the most widely used technologies of 

interest (Singh et al., 2021). Adsorbents play a key 

role in adsorption, which is one of these simple, 

economical, and environmentally friendly 

wastewater treatment techniques. Research aims to 

create low-cost, non-toxic, and efficient adsorbents, 

such as agricultural waste, which is abundant in 

functional groups (Luo et al., 2017).  

Various bioadsorbents have been developed for 

As(III) and As(V) removal. Amin et al. (2006) 

reported that raw rice husk removed arsenic at 100 

µg/L using an adsorption column, achieving 96% 

desorption efficiency with 1M KOH. Chemically 

modified maize cobs showed 98% arsenite removal 

efficiency at 50 mg/mL (Elizalde-González et al., 

2008), whereas Fe(III)-loaded Staphylococcus 

xylosus biomass adsorbed 54.35 mg As(III) at pH 7 

and 61.34 mg As(V) at pH 3 (Aryal et al., 2010). 

Fe(III)-loaded charred pomegranate had a maximum 

As(III) adsorption of 50 mg/g at pH 9 (Thapa & 

Pokhrel, 2013). Using Fe(III)-loaded sugarcane 

bagasse, Chand et al. (2015) achieved maximum 

adsorption of 25 mg/g As(III) at pH 8 and 70 mg/g 

As(V) at pH 5, with data that suit the Langmuir 

isotherm and pseudo second order (PSO) models. 
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According to Montero et al. (2018), Fe-modified 

biochar derived from sugarcane bagasse and maize 

cob husk outperformed activated carbon in removing 

85–99.9% of As(III) from 1000 µg/L solutions.  

Maize cobs (MC) contain high lignocellulose with 

hydroxyl groups, offering hydrophilicity and 

biodegradability, making them advantageous for 

adsorption. For instance, hexavalent chromium has 

been extracted from water using polyethyleneimine-

functionalized maize cob, utilizing the idea of “using 

waste to treat waste” (Xu et al., 2022). Maize cobs 

are rich in lignocellulosic components, primarily 

cellulose, hemicellulose and lignin along with pectin, 

soluble extractives (fats and waxes), and ash. The 

pectin surrounds the fibres, giving maize cobs a 

sheet-like structure (Yang & Zhou, 2012). However, 

untreated MC surfaces have few active adsorption 

sites, which results in a low adsorption amount and a 

lack of selectivity (Luo et al., 2017). In addition to 

this, Zr-based compounds have higher adsorption 

capacity for arsenic, possibly due to the strong Lewis 

acid-base interaction, particularly between As(V) and 

Zr-OH groups (Paz et al., 2022).  

Although several agricultural wastes have been 

modified using lime and Zr(IV) for arsenic removal, 

no study has reported the synthesis or application of 

Zr(IV)-loaded NaOH modified maize cobs. The 

present work introduces a two-step modification 

strategy involving (i) alkali treatment of maize cobs 

to enrich carboxylate functional groups and (ii) 

subsequent Zr(IV) loading to create anion exchange 

site. This integrated modification pathway has not 

been explored previously for maize-cob-based 

adsorbents. Thus, this study fills a critical research 

gap by offering a novel, low-cost, and 

mechanistically distinct Zr(IV)-loaded alkali 

modified maize cob adsorbent for efficient As(III) 

remediation. The efficiency of this adsorbent in 

removing arsenite from aqueous solutions was 

evaluated through batch adsorption experiments 

because no research has been published on Zr(IV)-

loaded NaOH modified maize cobs. Additionally, the 

adsorption isotherm and kinetic characteristics were 

assessed. Moreover, the effect of interfering ions as 

well as the desorption of the arsenite for recycling of 

the adsorbent was also studied. 

MATERIALS AND METHODS  

Materials 

Analytical grade reagents were used; no further 

purification was performed on them. Sodium arsenite 

was from S.D. Fine Chemicals with 99% purity. 

Ammonium heptamolybdate, hydrazine hydrate, 

potassium permanganate, sulphuric acid, 

hydrochloric acid, sodium hydroxide, oxalic acid, 

and buffer tablets were sourced from Qualigens Fine 

Chemicals, exhibiting a purity range of 97% to 

99.5%. All other chemicals were from Thermo Fisher 

Scientific with a purity of 99%. A 1000 mg/L stock 

solution of As(III) was prepared by dissolving an 

appropriate amount of sodium arsenite (NaAsO₂) in 

deionized water. Working solutions of desired 

concentrations were prepared by appropriate dilution 

of the stock solution with deionized water 

immediately before use. 

Preparation of the adsorbent 

Adsorbent was synthesized using a slightly modified 

method as described by Biswas et al. (2008). Maize 

Cobs were collected from Hetauda, Makawanpur. 

The low-cost adsorbent was prepared through 

sequential crushing, pulverization, sieving, and 

chemical modification, making it economical and 

readily available material for water treatment. The 

efficiency of this adsorbent in extracting arsenite 

from aqueous solution was produced and 

investigated. After being cleaned with distilled water 

until it was clear, at 65 °C, the biomass was dried for 

24 hours. and then pulverized to give fine powder 

and stored in an airtight plastic bottle, which is 

known as raw maize cobs (RMC). For Zr(IV)-MMC 

preparation, 20 g of RMC was first immersed in 0.1 

M NaOH (400 mL) at 190 rpm and 298 K for 24 

hours, then filtered, washed to neutral pH, and dried 

at 65 °C. The resulting material is known as modified 

maize cob (MMC), and Zr(IV) was loaded in the 

following manner. Ten grams of MMC were treated 

with 0.1M Zr(IV) solution and shaken for 24 hours. 

Thereafter, it was filtered, cleaned until neutral pH 

and dried at 65 °C, yielding Zr(IV)-loaded modified 

maize cobs, which are abbreviated as Zr(IV)-MMC. 

Characterization 

The biosorbent was characterized using FTIR, XRD, 

and SEM analyses. FTIR spectroscopy was 

performed using a PerkinElmer Spectrum IR (version 

10.6.2) to analyze the functional groups in 

adsorbents. A Rigaku diffractometer (Japan) 

equipped with Cu Kα radiation (λ = 1.54056 Å) was 

used for XRD examination to assess the crystallinity 

of the bio-adsorbent. To analyse the material's 

surface morphology, a field-emission scanning 

electron microscope (FE-SEM; JEOL JSM-6701F, 

Japan) was used. 

Batch adsorption study 

The percentage adsorption (%) and adsorption 

capacity (mg/g) at equilibrium were computed using 

the subsequent formula: 
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 %A = 
Ci−Ce

Ci
× 100    . . . (1) 

q=
Ci−Ce

W
× V     . . . (2) 

where Ci represents the adsorbate solution's starting 

concentration and Ce represents its equilibrium 

concentration (mg/L). W stands for the weight of the 

adsorbent (g) and V for the volume of arsenic 

solution (L) in the adsorption tests. 

The concentration of As(III) in aqueous solutions 

was determined using the arsenomolybdenum blue 

method according to the American Public Health 

Association (APHA, 2017). In brief, an aliquot of the 

sample was treated with ammonium molybdate under 

acidic conditions to form the arsenomolybdate 

complex, which was then reduced to a blue-colored 

arsenomolybdenum complex using stannous 

chloride. The intensity of the blue color was 

measured spectrophotometrically at λmax = 860 nm 

using a UV-Visible double beam spectrophotometer 

(Labtronics, LT-2802, India). Calibration curves 

were prepared with standard As(III) solutions, and all 

measurements were performed in triplicate. Potential 

interferences from phosphate and silicate were 

minimized by maintaining acidic conditions during 

the color development. 

RESULTS AND DISCUSSION 

Characterization of the adsorbent 

Figure 1(a) displays the key functional groups' FTIR 

spectra. The wide band at 3300–3400 cm⁻¹ is 

associated with -NH₂ groups and O–H stretching in 

cellulose, pectin, and lignin, which shifts to 3330 and 

3340 cm⁻¹, indicating interactions with zirconium 

and arsenic oxides (Biswas et al., 2008; Sheng et al., 

2014; Lin et al., 2018). The weak C–H stretching 

band at 2970 cm⁻¹ shifts to 2939 and 2900 cm⁻¹ after 

Zr(IV) loading and As(III) adsorption, suggesting 

loss of aliphatic wax fractions (Biswas et al., 2008). 

The FTIR absorption bands observed in the 2000–

2500 cm⁻¹ region were assigned to the stretching 

vibrations of C≡C and C≡N functional groups, 

consistent with previous reports (Samsuri et al., 

2013). Key adsorption-related shifts occur in the 

1200–1800 cm⁻¹ range. Absorption peaks in 1700–

1900 cm⁻¹ (C=O) and 1600–1700 cm⁻¹ (C–O) signify 

the participation of adsorption. The carboxyl group 

peaks at 1600 cm⁻¹ and 1460 cm⁻¹ shifts to 

1635/1420 cm⁻¹ (Zr(IV)-MMC), confirming 

adsorption. A peak corresponding to aromatic C=C 

stretching is located at 1512 cm⁻¹. Absorption peaks 

at 1300–1000 cm⁻¹ indicate C–O stretching in 

carboxylic acids, alcohols, and ethers (Baig et al., 

2009). Upon metal binding, the 1033 cm⁻¹ peak, 

representing C–O stretching, and the 1234 cm⁻¹ peak, 

representing carboxyl C–O stretch, undergo a shift. 

Additional peaks at 879 and 894 cm⁻¹ are associated 

with stretching of Zr–O and As–O (Biswas et al., 

2008; Baig et al., 2009; Samsuri et al., 2013). FTIR 

confirms that the bio-adsorbent surface is rich in 

polymeric hydroxyl and carboxylic groups, mainly 

from lignin and cellulose, which facilitate metal 

binding in aqueous solutions. 

   

Figure 1. (a) FTIR spectrum of RMC, Zr(IV)-MMC and As(III)-Zr(IV)-MMC and (b) XRD plots of RMC, Zr(IV)-MMC 

and As-Zr(IV)-MMC
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The XRD pattern in Figure 1(b) of RMC exhibits 

strong peaks at 2θ values of 18º and 22º, indicating 

the crystalline nature of cellulose, as well as faint, 

dispersed peaks at greater angles that represent its 

amorphous areas. This suggests that RMC comprises 

both crystalline and amorphous structures. The peak 

at 2θ = 22º remains unchanged in Zr(IV)-MMC and 

As(III)-Zr(IV)-MMC, signifying that modifications 

and adsorption occur mainly in the amorphous 

region. Additionally, peaks at approximately 34.50º 

correspond to amorphous ZrO₂ (Zong et al., 2013). 

Variations in the intensity of these peaks indicate 

changes due to the arsenic adsorption process.  

SEM was used to observe the morphological 

properties of adsorbents. It was found that treatment 

of maize cobs with a base improved surface 

morphology. Figure 2a depicts that the SEM image 

of Zr(IV)-MMC possesses heterogeneous pores with 

irregular shapes. The porous structure enhanced the 

adsorbent's surface area, which is important for 

adsorption. The surface becomes somewhat smoother 

after As(III) adsorption in the case of As-Zr(IV)-

MMC (Fig. 2b). It is reasonable to assume that this 

was caused by the filling of As(III) in the pores of 

Zr(IV)-MMC.  

  

Figure 2. SEM images of adsorbents: (a) Zr(IV)-MMC, (b)As- Zr(IV)-MMC 

 

 

Figure 3 revealed the EDX spectra of arsenic-

adsorbed Zr(IV)-MMC. The elements C, O, Si, Zr, 

and As are represented by the peak in the EDX 

spectra of arsenic-adsorbed Zr(IV)-MMC. This 

indicates that As(III) was adsorbed onto the Zr(IV)-

MMC. 

 

 

 Figure 3. EDX spectrum of arsenic-adsorbed Zr(IV)-MMC with a table showing elemental composition (in inset) 
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Effect of pH 

Since pH controls whether the active site is 

protonated or deprotonated, it has a significant 

impact on the adsorbent's surface charge and the 

existence of active adsorption sites. Furthermore, 

arsenite can take on distinct forms based on the pH 

of the solution, acting as H₂AsO₃⁻ in pH 8–12 and 

H₃AsO₃ in acidic pH. All of these factors cause the 

adsorption of As(III) to change as the pH of the 

solution changes (Pant et al., 2024). 

The effect of pH on the adsorption of As(III) on 

RMC and Zr(IV)-MMC was examined by 

maintaining the solution's initial pH between 2 and 

12. Figure 4 showed that for both RMC and Zr(IV)-

MMC, the basic condition was favourable for 

adsorption. Both these adsorbents showed maximum 

adsorption at pH 9.0, which aligns well with the 

study carried out by Pant et al. (2024). As(III) 

adsorption increased under alkaline conditions, 

which can be explained by changes in arsenite 

speciation. At pH < 8, As(III) predominantly exists 

as the neutral species H₃AsO₃, which interacts mainly 

via ligand exchange with Zr(IV) centers. However, at 

pH values above 8, H₃AsO₃ increasingly 

deprotonates to form H₂AsO₃⁻, which can be more 

strongly attracted to the partially positive Zr(IV) sites 

on the biosorbent surface. This enhances adsorption 

through a combination of electrostatic interactions 

and inner-sphere complexation. Because the anionic 

species of As(III) predominate at pH 8 to 10, the 

oxyanion of As(III) can exchange hydroxyl ions 

more favorably, increasing As(III) adsorption. 

As(III) biosorption decreased at higher pH (>10) due 

to competition between As(III) oxyanions and 

hydroxide ions. Previous studies also report similar 

behavior, where Zr-modified biomass exhibits high 

affinity for arsenite at alkaline pH due to strong 

ligand exchange mechanisms (Biswas et al., 2008; 

Poudel et al., 2022). However, the % adsorption in 

the case of RMC was not significant as compared to 

that of Zr(IV)-MMC (Fig.4a, 4b). So, further 

experiments were solely performed using the 

modified adsorbent.  

 

 

Figure 4. Plot of final pH and % adsorption against initial pH of the solution for (a) RMC and (b) Zr(IV)-MMC 

 

Effect of contact time and adsorption kinetics 

Both pseudo-first-order (PFO) and pseudo-second-

order (PSO) models for As(III) adsorption onto 

Zr(IV)-MMC were investigated. The following is the 

non-linear equation for pseudo-first-order kinetics 

(Lagergren 1898): 

𝑞𝑡 =  𝑞𝑒(1 − 𝑒−𝐾1𝑡) . . . (3) 

Similarly, the non-linear equation for PSO kinetics is 

as follows (Blanchard et al., 1984): 

𝑞𝑡 =  
𝑞𝑒

2𝐾2𝑡

1+𝑞𝑒𝐾2𝑡
    . . .(4) 

where qe and qt (mg/g) are the adsorption capacity at 

equilibrium and at time t, respectively; and k1, (min–

1) and k2 (g/mg min) are the rate constants of PFO 

and PSO kinetics, respectively.
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Figure 5. Non-linear fitting for models of PSO and PFO kinetics

The kinetic curve (Fig. 5) demonstrates that As(III) 

adsorption rises with time and reaches equilibrium 

after five hours. However, to ensure all the 

adsorption sites were occupied, the adsorption 

experiment was carried out for 24 hours and was 

maintained throughout the whole study. The PFO 

and PSO models' ability to fit the kinetic data is 

shown by the resulting graphs. However, the PSO 

model that best fits the adsorption data has a larger 

R2 value, suggesting that PSO kinetics govern the 

adsorption of As(III) on Zr(IV)-MMC. 

 

Table 1. Kinetic parameters established for the adsorption of As(III) 

Adsorbent Exp. (qeep.)  

(mg/g) 

PFO model PSO model 

k1  

(min-1) 

qe      (mg/g)  R2 k2  

(g/mg min) 

qe (mg/g) R2 

Zr(IV)-MMC 1.650 0.028 1.279 0.865 0.0231 1.489 0.970 

 

 

Adsorption isotherm 

Monolayer adsorption is suggested by the Langmuir 

isotherm model when there is no observable 

interaction among the adsorbed species. Equations 

(5) and (6) reflect the Langmuir isotherm's linear and 

non-linear versions, respectively (Langmuir 1918): 

𝐶𝑒

𝑞𝑒
=  

1

𝑞𝑚𝑏
+ 

𝐶𝑒

𝑞𝑚
  . . .(5)  

𝑞𝑒 =  
𝑞𝑚𝑏𝐶𝑒

1+𝑏𝐶𝑒
    . . .(6) 

In this context, b represents the Langmuir constant, 

qe denotes the equilibrium sorption capacity, qm 

signifies the maximum adsorption capacity, and Ce 

indicates the equilibrium adsorbate concentration. 

Similarly, the Freundlich isotherm implies multilayer 

adsorption, indicating possible interaction between 

the species adsorbed on a heterogeneous surface. The 

linear version of the Freundlich isotherm is seen in 

equation (7) (Freundlich, 1907). 

log 𝑞𝑒 = log 𝐾𝐹 + (
1

𝑛
) log 𝐶𝑒  . . .(7) 
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This equation transforms into a non-linear form as: 

𝑞𝑒 =  𝐾𝐹(𝐶𝑒)
1

𝑛   . . .(8) 

where KF is the adsorption capacity-related 

Freundlich constant and,1/𝑛. This heterogeneity 

factor has no dimensions. 

 

Figure 6. (a) Zr(IV)-MMC isotherm plot with non-linear fitting for the Freundlich and Langmuir isotherms, and (b) 

relationship between separation factor and initial concentration 

 

Figure 6a show that both models produced linear 

plots, However, the linear plot of the Langmuir 

model fits the experimental data more accurately 

than the Freundlich model. This is indicated by the 

Langmuir model's higher correlation coefficient (R2) 

value, which shows that the active sites are 

distributed uniformly and that adsorption is restricted 

to a monolayer only (Ho & McKay, 1998). 

 

Table 2. Isotherms parameters for the biosorption of As(III) 

Adsorbent Exp. qmax 

(mg/g) 

Langmuir Freundlich 

qmax  

(mg/g) 

b  

(L/mg) 

R2 KF 

(L/g) 

1/n R2 

Zr(IV)-MMC 41.94 43.26 0.020 0.997 5.124 0.363 0.959 

 

In Figure 6b, the value of RL ranges from 0 to 1, 

indicates that the equilibrium data are in good 

agreement with the Langmuir adsorption isotherm. 

On the other hand, the 1/n values from the 

Freundlich model, which similarly range from 0 to 1, 

indicate a favourable adsorption process. The 

maximal adsorption capacity for Zr(IV)-MMC, or 

qmax, is estimated by the Langmuir isotherm model to 

be 43.26 mg/g. The qmax value for the adsorbent 

closely aligns with the adsorption capacity derived 

from the plateau region of the isotherm curve, 

measured at 36.94 mg/g for Zr(IV)-MMC. Table 3 

summarizes the comparison between the Zr(IV)-

MMC adsorbent's maximal adsorption capacity and 

other bio-adsorbents for the removal of As(III) from 

water. This shows that Zr(IV)-loaded MMC can still 

be a better bio-adsorbent for sequestrating As(III) 

from aqueous solution. 
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Table 3. Comparison of qmax for As(III) removal from water using various adsorbents 

S.N. Adsorbent Optimu

m pH 

Temp

. (K) 

qmax 

(mg/g) 

Reference 

1 Maize cob husk Fe-coated biochars 4  50 Montero et al., 2018 

2 La(III)- modified watermelon rind 12.08 298 37.73 Aryal et al., 2022 

3 La(III)- modified watermelon rind 12.08 303 48.78 Aryal et al., 2022 

4 La(III)-modified watermelon rind 12.08 308 62.50 Aryal et al., 2022 

5 Zr-modified pomegranate peel 8.0 298 72.52 Poudel et al., 2022 

6 Zr-chitosan modified Sodium 

Alginate composite 

- 298 43.39 Lou et al., 2021 

7 Dried Chlamydomonas sp. 4.0 298 53.8 Mohamed et al., 2022 

8 Zr (IV)-loaded apple peels 9.0 298 15.68 Mallampati & Valiyaveettil, 

2013 

9 ZrO2-coated sawdust 7.0 298 29.0 Setyono & Valiyaveettil, 2014 

10 Zr (IV)-modified maize cob (Zr(IV)-

MMC) 

9.0 298 43.26 This work 

 

Effect of interfering ions 

The effect of competitive ions (sulphate, chloride, 

nitrate, and phosphate) on the sorption of arsenite 

was analyzed by adding four levels of concentrations 

of each competitive anion (10, 50, 100, and 200 

mg/L) into a 25 mg/L As(III) solution. Competing 

anions, including sulphate, chloride, nitrate, and 

phosphate, may compete with arsenite ions for the 

active site. During adsorption, competing anions 

such as phosphate, nitrate, chloride, and sulphate 

may obstruct arsenite ions at the active site. We 

investigated the adsorption of As(III) oxyanions onto 

the ideal adsorbent Zr(IV)-MMC when these ions 

were present. The resultant findings are concisely 

presented in Figure 7a. 

  

 

Figure 7. (a) Effect of interfering anions on the adsorptive removal of As(III) by Zr(IV)-MMC (Interfering ions 

concentration =10, 50, 100 and 200 mg/L), and (b)  desorption percentage of As(III) at different NaOH concentrations  

 

These findings demonstrate how other ions might 

interact with As(III) adsorption, decreasing the 

adsorbent's removal effectiveness. Among the four 

tested anions, phosphate showed the highest 

interference, indicating its higher affinity towards the 

adsorbent than other anions (Mandal et al., 2013; 

Aryal et al., 2022). 



B. R. Poudel, S. Dhungana, K. Subedi, D. Khadka, H. Paudyal, M. R. Pokhrel 

 

167 

 

Desorption of As(III) ions 

Generally, NaOH, NaCl or HCl are used as an eluent 

for the desorption of As(V) (Ghimire, 2003). The 

interference studies show that Cl– ion can reduce the 

adsorption of arsenite. However, the interference 

from Cl– was not adequate enough to desorb the 

arsenite anions, as it has less affinity towards the 

adsorbent. The highest removal efficiency was 

achieved at pH 9.0 when assessing the impact of pH 

on the adsorption process, and the adsorption 

capacity decreased at pH values above 10. 

Considering these facts, NaOH was chosen as eluent 

to desorb the arsenite ions from the Zr(IV)-MMC.  

The hydroxyl group replaces the arsenite anion when 

the arsenite solution is treated with NaOH solution 

because of the repulsion between the hydroxyl ions 

and the arsenite anions caused by the pH value 

rising. As a result, the arsenite anions desorb (Poudel 

et al., 2022). The results shown in Figure 7b are in 

excellent agreement with this reasoning, as the 

increased NaOH concentration from 0.01M to 2M 

causes desorption of arsenite to reach 95.24%, which 

proves that Zr(IV)-MMC adsorbent can be 

regenerated for the next cycle after it reaches 

saturation. 

Inferred mechanism of metal loading and As(III) 

biosorption/desorption 

The NaOH solution is alkaline in nature. When the 

labile protons of cellulose and lignin that were 

present in MC were deprotonated in accordance with 

elementary reaction "a" leaving a negatively charged 

MC surface where interaction of cationic species of 

Na+ is favored via electrostatic attraction, calcium-

modified MC (reaction "b"), also known as modified 

maize cobs and abbreviated as MMC, is produced. 

During Zr(IV) loading, MMC was treated with 

ZrOCl2 .8H2O at pH 2 to give Zr(IV)-modified MMC 

[Zr(IV)-MMC]. The loading of Zr4+ onto MCB is 

inferred according to elementary reaction ‘c’. 

2P≡OH + NaOH →2 P≡O− + 2H2O + Na+       … (a) 

P≡O− + Na+→ P≡ONa (modified maize cob, MMC)                   

     . . . (b) 

P≡ONa + Zr4+ → P≡OZr     …(C)                                                           

Here, P: Polymer matrix of maize cob biomass, 

P≡OH: surface hydroxyl group on maize cob 

polymer, P≡O− : deprotonated surface oxygen after 

alkaline modification, P≡ONa: sodium bound surface 

oxygen during alkaline treatment, P≡OZr: Zr(IV)-

loaded maize cob. 

The inferred mechanism for the creation of active 

sites by loading Zr⁴⁺ is described as follows. Because 

of the steric barrier brought on by the massive 

polymeric structure of cellulose and lignin in MC, it 

is challenging to neutralize all the positive charges of 

Zr⁴⁺ in the loading reaction (Biswas et al., 2008). As 

a result, the hydroxyl ions in the aqueous medium 

neutralize the remaining positive charges of Zr⁴⁺. 

These hydroxyl ligands are substituted during the 

As(III) biosorption process. Thus, the biosorption of 

As(III) ions is inferred to occur by replacing the 

hydroxyl ligand coordinated with Zr⁴⁺ according to 

the elementary reaction "d” (Gyawali et al., 2024).  

P≡OZr−OH  +  H2AsO3
− →  P≡OZr− H2AsO3 + OH−    

     . . .  (d)  

P≡OZr− H2AsO3 + OH− →  P≡OZr−OH  +  H2AsO3
−    

     . . . (e)  

The exchange of the H₂AsO₃⁻ ion from As(III)-

Zr(IV)-MMC with the hydroxyl ion supplied by the 

NaOH solution, as shown by reaction "e" is a 

reasonable explanation for the effectiveness of the 

NaOH solution in desorbing the adsorbed As(III) 

anion (H₂AsO₃⁻). 

CONCLUSION 

The adsorbent, which was prepared by saponifying 

raw maize cobs with NaOH and loading them with 

Zr(IV) at an initial pH of 9.0 (equilibrium pH 9.45), 

demonstrated the highest adsorption capacity of 

43.26 mg/g. The adsorbent was characterized by 

XRD, FTIR, and SEM-EDX. The biosorption 

pursued the Langmuir isotherm and PSO kinetic 

model, showing monolayer chemisorption. 

Favorability was confirmed by an RL value between 

0 and 1. Among competing ions, phosphate had the 

most significant interference. The desorption studies 

indicated that 2M NaOH was the most effective 

eluent, achieving 95.24% As(III) recovery. All things 

considered, Zr(IV)-MMC worked better as an 

adsorbent to remove arsenite from water. 
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