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Abstract

This study investigated the possibility and efficiency of absorbing chromium (VI) (Cr [VI]) ions from the polluted 
solutions by employing the chemically modified adsorbents (alkali, biochar, and acid rice bran), focusing on the 
possible impacts of the solution’s pH values, adsorbent’s dosages, concentrations, and contact times. The colori-
metric method was used for Cr determination by employing an ultraviolet/visible spectrophotometer. The scan-
ning electron microscope and Fourier transform infrared spectroscopy were used to analyze the characteristics of 
the modified adsorbents. The findings indicated that the optimized acid, biochar, alkali, and unmodified rice bran 
removal efficiency for Cr (VI) were 94.50%, 94.27%, 88.60%, and 90.18%, respectively. The increase of adsorbent 
dosage up to 2 g/L led to a rise in removal effectiveness (82.06%). Furthermore, the highest removal efficiency was 
obtained (94%) at the pH of 2.0, the contact duration of 100 min, Cr (VI) concentration of 50 mg/L, and dosage 
of 2 g/L, which was statistically the optimal condition for the modified rice bran. The adsorption kinetics was 
agreeably suited to pseudo-second-order, whereas the Freundlich isotherm equation was also suitably expounded 
the study’s findings. The findings implied that the acid and biochar rice bran performed remarkably in the reme-
diation of the wastewater compared with alkali rice bran for reuse for industrial, agricultural, and environmental 
purposes. 
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Introduction

Improper wastewater discharge and waste management 
causing water pollution dangerously affect human health 
(Montanher et al., 2005). Heavy metals are one of the 
most significant contaminations in the Earth’s resources. 
The entry of heavy metals into the ecosystem with 
anthropogenic origins has significantly increased (Almasi 
et al., 2016). Heavy metals will be transferred to living 
organisms and eventually to humans because of their 
accumulation properties (Alavi et al.,2016). Amongst 
heavy metals, chromium (VI) (Cr [VI]) is usually known 

to be outstandingly hazardous to humans (Esfahani et al., 
2020).

Cr is present in contaminated water and soil mostly in the 
form of 3 and 6 valence electrons. They threaten human 
health because of their nondegradability, carcinogenic, 
and mutagenic properties. Cr (VI) is reported to be 500–
1000 times more poisonous than Cr (III) (He et al., 2020). 
Hence, considering its harmful effects, several methods 
are used to absorb it from industrial effluents including 
biological methods, adsorption, reverse osmosis, and 
solvent extraction (Almasi et al., 2016). Conventional 
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to achieve the optimal condition for the adsorbing pro-
cess, and the isotherms and kinetics analyses of the mod-
ified adsorbents were also investigated accordingly. 

This study attempted to answer the following questions:

• Does the chemically modified rice bran (acid, alkali, 
and biochar) function properly for removing Cr (VI) 
from polluted aqueous solutions?

• How do different pH values, the adsorbent’s dosages, 
initial concentrations, and contact times affect the 
removal efficiency of the modified adsorbents?

• Which one of the modified adsorbents and under 
which conditions can be used as the optimal adsorbent 
for removing Cr (VI) from polluted aqueous solutions?

• Which isotherm and kinetic models describe the 
removal efficiency of the adsorbents?

Materials and Methods

Potassium dichromate, sodium hydroxide, nitric acid, 
and 1,5-diphenylcarbazide (C13H14N4O; CAS Number 
140-22-7; molecular weight, 242.28 g/mol) were the 
chemicals and reagents utilized for the study prepared 
from valid, academic laboratories. Potassium dichromate 
was dissolved in 1000 mL of deionized water to make the 
Cr (VI) stock of 1000 mg/L. The desired concentration 
of Cr (VI) solution (50, 150, and 200 mg/L) was set by 
attenuating the solution immediately before utilization. 
The pH of the solution was adjusted using 0.1 N sodium 
hydroxide or nitric acid. A scanning electron microscope 
(model S-4160) was used to examine the surface mor-
phology of the adsorbents’ samples. Fourier transform 
infrared (FT-IR) spectrometer (model TENSOR, Bruker, 
Billerica, MA) was employed to record the FT-IR spec-
tra of the acid, alkali, and biochar modified rice bran. The 
pH regulation in Cr (VI) solutions was carried out by a 
pH meter (Eutech, pH 5500 model, Waltham, MA). The 
Cr (VI) concentration was measured after the adsorption 
process by an ultraviolet-visible spectrophotometer (DR 
5000, HACH, Loveland, CO) at 540 nm.

Preparation of the modified adsorbents

Rice bran samples were thoroughly washed and dried 
at 70°C for 24 hours and were placed in a desiccator for 
complete moisture removal with a relative humidity of 
about 20% and stabilized weight. Later, the adsorbents 
were powdered using an electric mill (devoid of chro-
mium alloy) and passed through 50 and 100-micron 
meshes sieves.

processes to remove Cr from industrial effluents are very 
costly (Dargahi et al., 2015). Because of its efficiency and 
ease of use, “adsorption” has been introduced as a prev-
alent refining method (Wang and He, 2020). Here, the 
toxic materials stick to the surface of the water-insoluble 
adsorbent pores. Inexpensive and natural adsorbents use 
instead of the expensive commercial activated carbon is 
necessary (Munyengabe et al., 2020). 

Good water quality is essential to human health, 
social and economic development, and the ecosystem. 
However, as populations grow and natural environ-
ments become degraded, ensuring sufficient and safe 
water supplies for everyone is becoming increasingly 
challenging (Acharya et al.,2018). The availability of 
safe and abundant water supplies is directly linked to 
wastewater management (Tahir et al.,2017). Globally, 
80% of wastewater flows back into the ecosystem with-
out being treated or reused, contributing to a situation 
where around 1.8 billion people use a source of drinking 
water contaminated with feces, putting them at risk of 
contracting cholera, dysentery, typhoid, and polio (Wu 
and Yu, 2006).

The organic and natural adsorbents (including chitosan, 
oxyhumilite, volatile ash, charcoal, peach kernels, rice, 
barley, wheat straw, and sawdust to remove organic and 
inorganic contaminants) instead of commercial activated 
carbon have been employed prevalently by the research-
ers because of their abundance and low cost (Tahir et al., 
2017). Determining the type of adsorbent is critical in the 
adsorption process; many factors such as high adsorbent 
capacity, economic cost, environmental friendliness, high 
efficiency, and effectiveness should be taken into account 
(Butt et al., 2003). Various agricultural by-products can 
be good options for removing Cr (VI) because these bio-
logical wastes are very abundant and available (Samadani 
Langeroodi et al., 2015; Bhatti et al., 2017).

Chemically modified agricultural adsorbents may have 
higher adsorption capacities than unmodified ones 
(Wanngah and Hanafiah, 2008). Pretreatments using 
different modifying chemicals like sodium hydroxide, 
sulfuric acid, hydrochloric acid, tartaric acid, and form-
aldehyde have been utilized to remove soluble organic 
compounds and increase the efficiency of metal adsorp-
tion (e.g., Bansal et al., 2009; Acharya et al., 2018). 
Biochar is another low-cost organic adsorbent, recently 
employed for removing heavy metals for its unique exter-
nal surface specifications (Zhang et al., 2018). 

This article aims to study the Cr (VI) removal efficacy of 
the modified rice bran (acid, alkali, and biochar) from the 
polluted aqueous solutions under experiment. The possi-
ble effects of different pH values, the adsorbent’s dosages, 
initial concentrations, and contact times were analyzed 
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solution and 1 mL of the equilibrium solution were 
added along with five droplets of 1N nitric acid solution 
to keep the pH constant at about 2. The resultant was 
made up to 10 mL and was incubated 5 to 10 minutes for 
the purple color development. A suitable amount of the 
purple- colored solution was transferred to the quartz cell 
for verifying the Cr (VI) concentration at 540 nm (Singh 
et al., 2011). Finally, R and qe, representing removal and 
adsorption efficacies, respectively, were estimated using 
Equations (1) and (2):

 0 t

0

c cR(%)  100
c
−

= ×  (1)

 0 t(c c )Mqe
V
−

=  (2)

SAS software was employed for the statistical signifi-
cance evaluation of the variable’s impacts on the Cr (VI) 
removal and removal efficiencies of different experimen-
tal conditions. Linear regression was used to evaluate the 
isotherm and kinetic adsorption models.

After optimizing the test conditions for different param-
eters, isotherm analysis was performed for different ini-
tial Cr (VI) concentrations (two concentrations below 
(10 and 30) and two concentrations above (70 and 100) 
the optimal concentration of 50 mg/L). Kinetics exper-
iments were also done at optimum test conditions at 
three intervals below (40, 60, and 80 minutes) and four 
intervals above (120, 240, 360, and 480 minutes) the opti-
mum interval of 100 minutes. All these experiments were 
repeated in triplicates at laboratory temperature.

Results and Discussion

The modified rice bran adsorbent’s characteristics 

Figure 1 shows the FT-IR spectra of the acid, alkali, and 
biochar modified rice bran. A strong peak observed at 
1031 cm–1 for acidic rice bran, which is related to the 
extending oscillation of C-O in the structure of C-O-C. A 
moderate intensity peak at 13,300 cm–1 is because of the 
stretching vibration of intermolecular O-H. The three-
pronged peaks at 2921 cm–1 can be related to the extend-
ing oscillation of C-H. The peak observed at 1740 cm–1 is 
because of the extending oscillation of C=O that belongs 
to the carbonyl groups of acetyl and uronic esters present 
in the structure of hemicellulose. Binding between car-
boxyl structures of lignin structure is also possible. 

The peaks observed from 1500 to 1600 cm–1, and that 
observed at 1239 cm–1 were because of the coupled 
stretching vibration C = O and the vibration in the O-H 
planes related to acidic structures. The peak at 1158 cm–1 

Preparation of  the acid-modified rice bran 
Prepared rice bran was placed in a container saturated 
with 5 cm of 1 M hydrochloric acid on the adsorbent sur-
face for 24 hours. The suspension was placed on a shaker 
for 1 hour at 150 rpm. The resultant was filtered by a fil-
ter paper and thoroughly rinsed with distilled water to 
equalize the electrical conductivity and the pH of the 
inlet and outlet water of the filter paper (Elhami and 
Bahadori, 2015). The final products were air-dried.

Preparation of  the alkali-modified rice bran 
The ingredients were exposed to saturated sodium 
hydroxide solutions (0.4 mol/L) in a container for 24 
hours, rinsed twice, and dried at 70 for a whole day 
(Soltani et al.,2012). 

Preparation of  the biochar rice bran
The samples and the carefully weighed rice bran were 
poured into containers with lids and placed in an elec-
tric furnace without oxygen. Candles were lit to create 
low or no oxygen furnace conditions for the remaining 
oxygen in the environment inside the furnace containing 
raw materials to be exhausted or minimized for provid-
ing conditions for the pyrolysis process. The oven door 
was also sealed with refractory grease, and the adsorbent 
samples were heated at 700°C for 3 hours (Kim et al., 
2012). 

For scrutinizing the impact of Cr (VI) concentration: 
different concentrations of 50, 150, and 200 mg/L were 
chosen; contact duration influence was evaluated at 20, 
40, 80, and 100 minutes; the effect of the adsorbent’s dos-
age was checked at 0.5, 1, and 2 g/L, and for determining 
the effect of pH, the pH of 2, 4, and 6 were selected. The 
experiments were carried out in a batch reactor (with 
a volume of 100 mL). For the adsorption process, the 
samples with a specific Cr (VI) solution volume and the 
desired amount of adsorbent were placed in the reactor 
and then subjected to the adsorption process. All exper-
iments were repeated in triplicates and performed at 
laboratory temperature. F or proper mixing and appro-
priate contact between the adsorbent and hexavalent Cr, 
a shaker with a speed of 100 rpm was used.

Analytical procedure 

The modified samples were filtered through a 0.45 µm 
membrane filter, and the residual concentration of Cr 
(VI) in the solution was measured at 540 nm in an ultra-
violet-visible spectrophotometer. The concentration 
was detected by oxidizing the 1 and 5 diphenylcarba-
zide to 1:5-diphenylcarbazone that produces a purple 
color. About 250 mg of diphenylcarbazide was dissolved 
in 50  mL of acetone to prepare the 1:5 diphenylcarba-
zide solution. To a 10 mL flask, 200 μL of the prepared 
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Figure 1. FT-IR spectra of the modified (A) acidic, (B) biochar, and (C) alkaline rice brans.

is the neutral vibration of C-OH. The pivotal substance 
in the rice bran structure is lignin and hemicellulose, 
which contain carboxyl and ester groups; by strength-
ening these groups, the interaction between the C=O 
functional groups and metals is increased, and the elimi-
nation of metals is possible only with this modified com-
pound (Claoston et al., 2014). 

As discernible in the desired spectra for biochar, a weak 
peak seen at   3000 cm–1 is associated with the extend-
ing oscillation of C-H. A wavelength of 2898 cm–1 in 
this spectrum represents the asymmetric stretching of 
CH because the peak position at frequencies of 2700 

to 3000  cm–1 belongs to the CH group. Another peak 
detectable at 1696 cm–1 was because of the asymmet-
ric extending of C=O. The average peak observed in the 
range of 1600 cm–1 is related to the N-H bending vibra-
tion. The peaks seen at 1103 and 1126 cm–1 can be caused 
by the unfolding oscillation of the C-N bond of amine II 
and those at 700 to 1000 cm–1 can be associated with the 
replacement of aromatic rings.

On the desired spectra for alkaline rice bran, a strong 
peak is detected at 1021 cm–1, which relates to the asym-
metric gravity of C-O in the structure of C-O-C. A mod-
erate intensity peak also found at 13,300 cm–1 could be 
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higher than other functional groups in the rice bran sur-
face during the adsorption process.

The results of the modification of adsorbents before and 
after adsorption of hexavalent Cr are represented in the 
form of scanning electron microscope (SEM) images in 
Figure 2. SEM images show changes in all adsorbents 
after adsorption of hexavalent Cr, whereas the resulting 
change depends on the type of modified adsorbent. The 
images showed that, there was no irregularity or destruc-
tion on the adsorbent’s exterior facets before applying the 
remotion process, and not many pores and cavities were 
present on the adsorbents’ exterior surface. However, the 
process caused more pores and cavities and also been 
associated with the adsorbent’s surface destruction. The 
creation of significant irregularities has caused the sur-
face deformation of the adsorbents. 

Hence in acid-modified adsorbents, the change and 
destruction of surfaces after adsorption of hexavalent Cr 

because of the extending vibration of intermolecular 
O-H. The strong three-pronged peaks at a frequency of 
2921 cm–1 are related to the extending oscillation of C-H. 
The peak at 1744 cm–1 is because of the tensile vibration 
of C=O belonging to the carbonyl groups of acetyl and 
uronic esters present in the structure of hemicellulose. 
Binding between carboxyl structures of lignin structure is 
also possible. The peaks observed from 1500 to 1600 cm–1 
are related to the coupled stretching vibration between 
C=O. The peak at 1240 cm–1 is because of the vibration 
in the O-H plane related to acidic structures, and that 
seen at1151 cm–1 is the neutral vibration of C-OH. Now, 
since the pivotal substance in the barn structure is lignin 
and hemicellulose containing lignin, strengthening the 
carboxyl and ester groups present in the lignin structure 
enhances the interaction between the C=O functional 
groups and metals, and the elimination of metals is pos-
sible. Major changes in different areas of the graph before 
and after the adsorption process, especially at 1700 cm–1 
indicate that the C=O bond activity of carbonyl groups is 

(A) (B) 

(C) (D) 

(E) (F) 

Figure 2. SEM images for modified rice bran before and after adsorption for (A, B) acidic rice bran, (C, D) biochar rice bran, 
and (E, F) alkaline rice bran.
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adsorbent type, different pH’s, contact duration, initial 
Cr (VI) concentrations and dosages of the adsorbent, and 
their interactions on the adsorption efficiency. The differ-
ence in these variables brought about different adsorp-
tion efficiency performances. Only the effects which were 
attested to be statistically significant were included.

pHs of 2, 4, and 6 were used for exploring the possible 
effect of the pH on the polluted solution. Decreasing 
the pH showed increased efficacy of Cr (VI) remotion 
using modified rice bran as the adsorbent whereas, pH 
values to greater than 4 declined the removal efficacy. 
This outcome agreed with the studies of Saha and Orvig 
(2010), Hosseini et al. (2013), and Fu et al. (2018). It can 
be because, in acidic pH, H+ ions neutralize or protonate 
the negative charges on the adsorbent’s exterior surface 
and effectively increases the attraction of Cr species by 
electrostatic sorption (Chen et al., 2015).

The possible impacts of adsorbent’s doses checking were 
performed using the doses of 0.5, 1, and 2 g/L. Higher 
doses fastened the removal of Cr (VI) as a contaminant. 
In fact, by increasing the absorbent weight, the available 
sites for accomplishing the adsorption process could 
be improved, and consequently, the efficiency of natu-
ral adsorbents increased for contaminants adsorption. 
In other words, by increasing the absorbent weight, 
the accessibility of Cr (VI) to adsorption points was 
enhanced. These outcomes were in line with the studies 
of Shakya et al. (2019) and Zhang et al. (2011). 

An inverse relationship was found between the Cr (VI) 
concentration and adsorption efficacy. The findings sug-
gested that by raising the concentration of Cr (VI) from 

was more than biochar and alkaline-modified adsorbents. 
This issue has a direct relationship between the appear-
ance of adsorbents and their irregularity after the adsorp-
tion of hexavalent Cr with increasing porosity and thus 
increasing the specific surface area and cation exchange 
capacity, which as a result, increases the adsorption rate. 
The honeycomb sponge structure visible in all three 
types of modified rice bran adsorbents before adsorption 
refers to the successful adsorption of Cr (IV) by adsor-
bents. The lower destruction of the surface means that 
the adsorbent has fewer pores and consequently has a 
lower metal adsorption efficiency.

Comparing the modification methods for Cr (VI)  
adsorption efficacy

Acid, biochar, and alkali modifications were applied to 
rice bran, and their efficacies were assessed by Cr (VI) 
removal measurements. The average Cr (VI) removal 
efficiencies for the acid, biochar, and alkali modified 
rice bran were 85.1%, 82.64%, and 76.1%, respectively. 
Pretreatment of rice bran by sodium hydroxide signifi-
cantly decreased Cr (VI) removal efficiency. Zhang et al. 
(2018) stated that this was because of the destruction of 
the fiber structure by alkali modification that easily dis-
solves lignin (as a component of rice bran). In contrast, 
pretreatment of rice bran by hydrochloric acid increased 
the Cr (VI) elimination efficacy. Probably because of the 
removal of soluble organic compounds and a noticeable 
increase in the efficiency of metal adsorption (Acharya 
et  al.,2018). Conversion of rice bran to biochar was 
approximately as effective as acid rice bran in Cr (VI) 
removal efficiency. Table 1 compares the effects of 

Table 1. Comparing the effects of adsorbent type, different pH’s, contact durations, initial Cr (VI) concentrations and 
dosages, and their interactions on the adsorption efficiency.

P value F-value Mean square Df Sources of change

<.0001 3657.53 6556.03** 2 Adsorbent type

<.0001 8436.81 16045.03** 2 pH

<.0001 190.29 361.90** 3 Time

<.0001 137.39 261.28** 2 Adsorbent weight

<.0001 1316.15 2503.11** 2 Concentration

<.0001 177.70 337.94** 5 Adsorbent type-pH

0.0020 4.29 8.15** 4 Adsorbent type-adsorbent weight

<.0001 106.64 202.80** 4 Adsorbent type-concentration

0.0088 2.72 5.16** 7 Time-p

0.0096 3.37 6.41** 4 pH-adsorbent weight

0.0206 2.92 5.55** 4 pH-concentration

0.0002 4.54 8.62** 6 Time-adsorbent weight

<.0001 8.49 16.41** 6 Concentration-time

0.0220 2.88 5.48* 4 Adsorbent weight-concentration
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The rate of Cr (VI) remotion for all the modified adsor-
bents was directly related to contact time. Increasing the 
contact time from 20 to 100 minutes led to the augment 
of Cr (VI) exclusion efficacy because the abundance of 
empty adsorption sites in the first 20 minutes aided in 
more than 80% of Cr (VI) removal. In line with Entezari 
et al. (2016), not much change in the amount of adsorp-
tion after 100 minutes was noted (for the optimized con-
dition, the removal efficiency of the adsorbents was also 
investigated, for four contact times more than 100 min-
utes). Figure 3 depicts the interactive effects of the study’s 
variables on the Cr (IV) removal schematically.

50 to 200 mg/L, the percentage of Cr (VI) remotion using 
the acid, alkali, and biochar modified rice bran adsorbents 
decreased from 87.24% to 81.74%, 85.34% to 77.85%, and 
77.41% to 74.62%, respectively. Indicating that adsorption 
can be strongly related to the initial concentration (Kermani 
et al., 2006), probably because the adsorbents have lim-
ited and specified adsorption sites. So at low concentra-
tions, more adsorption sites are available on the adsorbent 
surface, causing the rapid contaminant adsorption and 
noticeably increased removal efficiency because of the pos-
sibility of collision and contact between the adsorbate and 
the adsorbent (Wu and Yu, 2006; Sarin and Pant, 2006). 
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Figure 3. The impacts of the study’s variables and their interactions on the Cr (IV) removal. 
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Table 2. Experimental results at optimum conditions for modified and unmodified adsorbents.

Adsorbent type pH Adsorbent dose 
(g/L)

Concentration 
(mg/L)

Contact time 
(min)

Removal (%) SD Significance 
(two-tailed)

Acid rice bran 2 2 50 100 94.502 8.7654 0.0000*

Alkali rice bran 2 2 50 100 88.601 6.0094 0.0398*

Biochar rice bran 2 2 50 100 94.275 7.9985 0.0000*

Unmodified rice bran 2 2 50 100 90.180 7.4536 0.0001*
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Figure 4. (A, C, E) Langmuir and (B, D, F) Freundlich isotherm models for Cr (VI) removal by acidic, biochar, and alkaline rice 
bran, respectively. , Langmuir; , Freundlich.
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Optimizing modified rice bran for treating aqueous solutions polluted by Cr (VI) ions

After optimizing the test conditions for different param-
eters, the best removal efficacy conditions recorded 
were at a pH of 2, dosage of 2 g/L, the concentration of 
50  mg/L, and during 100 minutes of contact for acid, 
alkaline, and biochar modified and unmodified rice bran 
(94.5, 88.6, 94.27, and 90.18%, respectively; Table 2).

Isotherm and kinetic analyses

The reaction between the contaminant and the adsorbent 
is pronounced by adsorption isotherms (Seidmohammadi 
et al., 2019). As Figure 4 depicts, under optimum con-
dition, the R2 values for the Cr (VI) adsorption by 

modified adsorbents (acidic, alkali, and biochar rice bran) 
for Freundlich isotherm were 0.99, which were greater than 
those obtained for the Langmuir model consistent with the 
results of the Zhang et al. (2011), Asgari et al. (2015), and 
Nata et al. (2020). The R2 values estimated for the Langmuir 
model were 0.79, 0.88, and 0.85 for acidic, biochar, and 
alkali rice bran, respectively. For describing the kinetics of 
the adsorption, the pseudo-first-order Equation (3) was,

 1 e
t

t
t

dq  K (q
d

q )= −  (3)

The obtained R2 values (0.88, 0.94, and 0.89 for acidic, 
biochar, and alkali rice bran, respectively) were not 
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Figure 5. (A, C, E) Pseudo-first- and (B, D, F) pseudo-second-kinetic models for Cr (VI) removal by acidic, biochar, and alkaline 
rice bran, respectively. , pseudo-first; , pseudo-second kinetic model. 
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for the treatment process. These may provide further 
insights into overcoming the challenge of water resources 
shortages and pave the way for the treated wastewater reuse 
for industrial, agricultural, and environmental purposes.
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