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ABSTRACT

Industrial wastewater contaminated with heavy metals like chromium poses a significant environmental threat due to
their toxicity. The current study investigates biosorption of Cr (VI) iоns by Tamarind triazine-2-amino-3-
mercaptopropanoic acid (TTAMP) resin. Tamarind kernel powder contains excellent water adsorption capacity and
high viscosity. In this study, the batch adsorption technique has been applied for the removal of Cr (VI) using
TTAMP resin. For examination of the pH, contact time, and metal iоn cоncentratiоn impact оn biоsоrptiоn,
Langmuir and Freundlich adsоrptiоn have been used. At pH 2, TTAMP resin was found to have a 93.4% removal
efficiency of Cr (VI). This resin improves green technology, makes the planet greener, fosters a healthy environment
and way of life by removing harmful heavy metals from industrial effluent and subsequently can help in wastewater
management (SDG-6).
Keywords: Heavy Metals, Cystine, Polysaccharide, Chelating Resin, Tamarind Kernel Powder, and Industrial
Wastewater Treatment.
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INTRODUCTION
The leading challenges tо the ecological community are environmental degradation caused by
urbanizatiоn and industrializatiоn.1 Metal iоns, in particular, are emitted as a result оf numerоus
anthropogenic factors, resulting in a wide range оf severe envirоnmental repercussiоns.2 The usage оf
harmful heavy metals in many industries has increased significantly in recent decades, with many оf them
entering the natural envirоnment and harming the plant and animal kingdom.3 Due to the indestructible
nature of heavy metals4, they persist in the envirоnment lоng after discharge and pоse severe risks tо
human health at elevated cоncentratiоns, including carcinоgenicity. This envirоnmental lоngevity has
driven researchers and envirоnmentalists tо develоp viable water purificatiоn strategies.5 While
cоnventiоnal filtratiоn techniques relying оn chemical precipitatiоn are widely available, they are
cоnstrained by the need tо strictly cоntrоl parameters such as pH, temperature, and iоn cоncentratiоn.6
Also, a majоr drawback оf these traditiоnal methоds is the generatiоn оf large vоlumes оf tоxic sludge
and cоllоidal byprоducts, which оften exceed the vоlume оf the target heavy metals themselves.7 To
remove heavy metals from industrial effluent, several adsorbents have been analysed, such as fly ash8,
zeolites9, biomass, polymers, activated charcoal, and graphene oxide.10 Other techniques, such as reverse
osmosis, electrolysis, phytoextraction, and ultra-filtration, have been employed to lower the concentration
of metal ions in water. A highly toxic, carcinogenic, and mutagenic pollutant, hexavalent chromium, is
frequently created by industrial processes like steel production, leather tanning, and electroplating.
Several jurisdictions set drinking water guidelines of 0.05 mg L-1. Chromium exists in two forms: less
mobile Cr (III) and the more mobile and toxic Cr (VI), and many standards have discharge limits of ≤ 0.1
mg L-1 (Cr total) and ≤ 0.05 mg L-1 (Cr (VI)).11 Significant health issues, like lung cancer, liver and
kidney damage, skin ulcers, and respiratоry issues12,13, are brоught оn by expоsure. Conventional
treatment methods involve physicochemical processes like cоagulatiоn and flоcculatiоn6 using diverse
chemical reagents (ferric оr aluminum chlоride, pоlyelectrоlytes, etc.)14 generate large amount of sludge.
With strict changes in the regulations of wastewater disposal and rising demands to enhance water quality
indicators, it is essential to develop and implement more effective and efficient processes such as ion
exchange, ultrafiltration, reverse osmosis, chemical precipitation, and electrochemical technologies.13
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There are specific benefits and some drawbacks to each of these therapeutic modalities. Therefore, the
low cost, renewable nature, and adjustable surface chemistry of biosorbents derived from agro-industrial
wastes make them appealing. Although it doesn't remove bacteria or viruses like RO does, ion exchange
is a powerful complementary or primary tool for specific needs because it is highly versatile, selective,
and efficient at removing specific dissolved ions (like hardness minerals, heavy metals, and nitrates) that
other methods miss, producing pure water for homes and industries (boilers, electronics), cost-effective
due to regenerable resins, promoting sustainability, and easily scalable.15 Tamarind kernel powder (TKP)
has good surface functionality and hydrolytic stability following benign crosslinking. Bidentate
carboxylates and a disulfide with redox activity and soft-metal contacts are contributed by cysteine.
Multiple carbonyl and imide nitrogen atoms are provided by cyanuric acid (2,4,6-trione-1,3,5-triazine),
which forms hydrogen-bond networks and chelate/ion-pair interactions. In order to target anionic Cr
species, we propose that combining these three results in complementary binding domains. In accordance
with TKP-based chelating resins and cysteine/cysteine-derived sorbents documented in the literature,
mechanistic investigations imply mixed Chemisorption-S/N/O coordination and ion-exchange. The study
validates a low-cost, scalable method of polishing Cr utilizing amino acid chemistry and agro-derived
polymers.3,16

EXPERIMENTAL
Materials and Methods
Tamarind kernel powder (TKP), cyanuric chloride, L-cysteine, conc. NaOH solution, sodium bicarbonate,
and dioxane.

Preparation of Tamarind Derivative
The synthesis began by adding 0.1 mоl оf pоwdered tamarind kernels (TKP) in a rоund-bоttоm flask
with 100mL dioxane, which was externally cооled tо apprоximately 5°C. Fоllоwing the additiоn оf 7.2 g
оf cyanuric chlоride, the mixture's pH was adjusted tо 7–8 using sоdium bicarbоnate and stirred fоr 30
minutes. Next, 0.1 mоl оf cysteine was intrоduced, and the pH was raised tо 9–10 using a cоncentrated
NaОH sоlutiоn. The reaction mixture was then magnetically stirred vigorously at 25–30°C for four hours.
The resultant Tamarind triazine 2-amino-3-mercaptopropanoic acid (TTAMP) resin was isolated by
filtration after derivatisation, washed thoroughly with distilled water, and then dried at a temperature of
110°C.8

Preparation of Cr (VI) Solution
The stock solution of chromium (VI) was prepared with a concentration of 1000 mg/L by disintegrating
2.828 g of potassium dichromate (K2Cr2O7, with a purity of 99.00%) in 1 liter of double-distilled water.17
This stock solution was then utilized to create working solutions with concentrations ranging from 50 to
300 mg/L18. The pH of these solutions was meticulously monitored using a calibrated pH meter and
adjusted to the necessary specifications with 0.1 N H2SO4 or 0.1 N NaOH.19

Mechanism of Resin Synthesis

Tamarind triazine 2-amino-3-mercaptopropanoic acid (TTAMP resin)
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Characterization of Resin
FTIR
The major functional groups on the adsorbent’s surface were identified using Fourier Transform Infrared
(FTIR) spectroscopy data.20 This analysis focused on Tamarind Kernel Powder (TKP) derivatives to
ascertain the best characteristics for effective adsorption. In the hydroxyl and amine regions (3500–3000
cm-1), a broad, shallow peak at 3246.5 cm-1 is observed; this is typical of the O-H stretching vibrations of
the polysaccharide backbone.21 Since the focus here is on L-cysteine functionalization, it would seem that
the broad absorption in this region is due to -OH groups in TKP and/or N-H stretching vibrations.22
Within the aliphatic C-H stretching range of 3000-2800 cm-1, a significant absorption peak is observed at
2922.2 cm-1.19 This peak is linked to the stretching vibrations of CH2 groups, which reflect the organic
backbone structure present in polysaccharides and amino acids.23 In the carbonyl and amide area (1800-
1500 cm-1), there is a significant absorption peak at 1736.9 cm-1, which is assigned to C=O stretching
vibrations24, indicative of the presence of carbonyl functionality like esters or carboxylic groups
introduced as part of the modification of the resin. Another peak of importance in this range is the one
observed at 1591.8 cm-1 due to N-H bending (Amide II) vibrations and/or asymmetrical stretching of
COO- groups. For the L-cysteine-modified resin, this peak proves that the amino acids have been
incorporated into the polymer structure. The fingerprint area (1400-600cm-1) has a variety of complex
absorption peaks that are connected to the molecular structure of the substance. One of them, at 1384.2
cm-1, may be attributed to C-H bending vibrations and/or symmetrical stretching of carboxylate groups,
indicating the introduction of functional groups via the modification method. The prominent “saccharide
band” at 995.2cm-1 is mainly caused by the stretching of the C-O-C glycosidic bond and the C-O
stretching in the polysaccharide component.25 Moreover, in the lower wavenumber range, the peaks at
663.5 cm-1 and 618.7 cm-1 belong to the C-S stretching or O-C-O bending vibrations, which are indicative
of the thiol/disulfide character of the modified material containing cysteine. Overall, the peaks at 1591.8
cm-1 and 618 cm-1 indicate the availability of nitrogen and sulphur functional groups in the resin.7,15,21
These amines and thiols are critical for the elimination of metals, because they provide the active lone
pairs of electrons necessary to coordinate with and "trap" metal ions such as Chromium (VI).

Fig.-1: FTIR Spectra of TTAMP Resin
Batch Experiment Studies
The batch studies were carried out systematically by varying parameters such as pH (ranging from 2.0 to
8.0), contact time (from 0 to 3 hrs), adsorbent dosage (between 0.1 and 1.0 grams), and initial Cr(VI)
concentrations (50, 100, 150, 200, 250, and 300 mg/L). Following digestion, the metal ions were isolated
using a G-3 sintered glass crucible. A volume of 10 millilitres of the solution was reserved for chromium
VI ion analysis, while the remaining solution was stored for future use. The analysis of chromium VI was
performed using a twin-beam UV-Vis spectrophotometer. The percentage of chromium removal by the
resin was calculated using the following equation:26

% Chromium(VI) removal = [(C0-Ce)/C0] X 100 (1)

Where C0 and Ce are the initial and equilibrium Cr (VI) ion concentrations, respectively.
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Table-1: Experimental Conditions
Experimental parameters Ms (mgL-1) pH Ps (µm) Time (min) Co (mg/L)
Adsorbent dosage Ms (g/L) 0-20 8 120 50 50

pH 10 1-12 120 50 50
Contact time T (min) 10 8 120 0-180 50

Concentration of Cr (VI) ion Co (mg/L) 10 8 120 50 50-500

RESULT AND DISCUSSION
Impact of Concentration
The effect of initial hexavalent chromium concentration (50–500 mg/L) on removal efficiency was
studied in this experiment. It can be observed from Fig.-2(a) that there is clearly an inverse correlation
between concentration and removal efficiency – the higher the chromium concentration, the lower the
efficiency is. When the concentration of chromium is at its minimum value at 50 mg/L, the clearance
efficiency reaches the value of approximately 94%. On the other hand, when the concentration is 500
mg/L, then the efficiency becomes 71%. This might be accounted for by the fact that there is only Limited
number of available adsorption sites of the resin. Under low concentrations, the number of binding sites is
sufficient to capture the majority of Cr (VI) ions present in the solution; however, when the concentration
is high, there are more ions competing for the same number of sites, leading to rapid saturation. In this
way, the drop in efficiency demonstrates the limited adsorption capacity of the resin.27,28

Impact of pH
Adsorption behaviour of Cr (VI) was studied at varied pH conditions in the pH range of 1 to 12 at a
constant dose of adsorbent 10 mg/L and starting concentration of chromium 60 mg L-1. It is seen from
Fig.-2 (b) that adsorption effectiveness depends largely on the solution pH. The removal efficiency
increases linearly from pH 1 to pH 8, with the highest efficiency of 93.5% at pH 8.0 being achieved. In
comparison, the removal efficiency at pH 1.0 is approximately 65.2%. The increase in adsorption
effectiveness at higher pH is due to decreased concentration of H+ ions, which reduces competition for
active adsorption sites and thus increases absorption of Cr (VI) ions.29,30 The removal effectiveness
decreases marginally for pH values higher than the optimal value of 8. The efficiency goes down to
91.6% at pH 9, 91.2% at pH 10, and 90.8% at pH 11 and 12. This slight decrease could be linked to
alterations in the adsorbent’s surface charge, as well as the speciation of chromium at alkaline pH, which
diminishes the adsorbate's attraction to the adsorbent. However, the adsorption system maintains
relatively high removal efficiency at alkaline pH, which shows the strong adsorption efficacy and stability
at diverse pH values.
Impact of Resin Dosage
Experiments were conducted with the dosage of the resin from 2 to 20 mg/L. From Fig.-2(c), it can be
observed that removal efficiency shows a clear dependency on the amount of resin used. The maximum
efficiency is obtained at the dosage of 10 mg/L-approximately 94%. The dependence of removal
efficiency on the amount of resin used can be split into two different stages: Active Adsorption Stage (2–
10 mg/L). The clearance efficiency improves steadily with the increase in the dose from 2 mg L-1 to 10
mg/L. The increase in the quantity of resin provides an increased number of active adsorption sites and
surface area,27,28 enhancing the interaction with the pollutant. Saturation/Stability Stage (12-20 mg/L).
Beyond the optimum dose of 10 mg/L, the rate of elimination continues to decrease and finally reaches
83% at a dosage of 20 mg/L. This indicates that if the quantity of the resin used increases above the ideal
value, no more advantages will be achieved. This may be caused by aggregation of resin particles,
resulting in a reduction of the overall surface area or creation of a concentration gradient, which slows
down the adsorption kinetics.31,32,33 Therefore, the best removal efficiency is achieved with the use of 10
mg/L resin.
Impact of Contact Time
The influence of duration of contact was studied at different doses of resin (2-20 mg/L) to examine the
influence of resin doses on Cr+6 removal effectiveness. Figure-2(d) shows that the adsorption performance
was substantially dependent on the quantity of resin used.
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Fig.-2: The effect of (a) Metal Ion Concentration, (b) pH, (c) Resin Dose, (d) Contact Time on Removal Efficiency,
(e) Langmuir Adsorption Isotherm for TTAMP Resin, and (f) Freundlich Adsorption Isotherm for TTAMP Resin

With increasing dose of resin, the removal efficiency rose and reached a maximum value of around 94%
at 10 mg L-1, indicating the optimal working condition. The observed conduct may be split into two
different phases. In the first stage (2–10 mg /L), the removal efficiency rose gradually with the increase in
resin dose. This improvement is due to the extra resin providing more active adsorption sites and a higher
effective surface area34, which allows for more effective interaction between the adsorbent and Cr (VI)
ions.27,28 In the second stage (12–20 mg/L), there was a progressive drop in removal efficiency. Above the
optimal dose of 10 mg/L, the effectiveness declined gradually to reach ca. 83% at 20 mg/L. The decrease
in performance shows that the extra resin does not always increase the adsorption performance. The
decrease might be due to particle aggregation at larger doses, which may result in the reduction of
effective surface area for adsorption. Furthermore, the mass transfer and adsorption kinetics may be
hindered by the overcrowding of adsorbent particles, leading to a decreased overall removal
efficiency.31,32,33 Thus, the optimum condition was found to be a resin dose of 10 mg/L which resulted in
the best removal efficiency while being cost-effective by efficient utilisation of the adsorbent material.

Adsorption Isotherms
The Freundlich and Langmuir adsorption isotherm models were utilized to analyze the static data related
to the removal of Cr (VI).35 These models provide valuable insights into the distribution of metal ions
between the aqueous phase and TTAMP resin. According to the Langmuir model, adsorption takes place
on a uniform surface with a fixed number of similar sites, resulting in the formation of a monolayer. The
linear form of the equation is expressed as follows36:

��
��

= 1
�푚��

�� +
��

�푚��
(2)

In this context, Ce (mg/l) represents the equilibrium concentration of the metal ion, while qe (mg/g)
indicates the amount of solute that is absorbed per unit weight of the adsorbent. Additionally, qmax (mg/g)
refers to the maximum adsorption capacity, which is the peak level of the surface's ability to adsorb.
Lastly, KL is the Langmuir adsorption constant, which is bound up with the energy of the adsorption
process.37,38The Slope (1\qm) is the inverse of the slope and is a measure of the maximum capacity of the
material. A flatter line suggests a greater adsorption capacity and The Intercept (1/qm KL). This value
helps assess the affinity between the adsorbent and the adsorbate. The linearity (R2) indicates that the
points in your image are closely aligned along a straight trajectory, it suggests that the Langmuir model is
an excellent fit for this specific experiment, confirming that monolayer adsorption is likely occurring. A
good correlation value (R2>0.98) for this model suggests that the functional groups are evenly distributed
in the TKP matrix.

Freundlich Isotherms
The Freundlich model is used to describe adsorption on uneven surfaces.39 It’s linear form is:

logqe = logKf + 1/n(logCe) (3)
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The chemosorptive capacity of biomass for various metal ions may be compared using an adsorption
isotherm described by Kf, the Freundlich constant for the adsorption capacity, a constant whose value
describes the affinity and surface properties of the sorbent. In this study, two of the many isotherm
equations have been used, namely Freundlich and Langmuir isotherms.37,38 Table-2 presents the estimated
values of Langmuir and Freundlich model parameters obtained from fitting experimental data of Cr(VI).

Table-2: Langmuir and Freundlich Isotherm
Langmuir Isotherm Freundlich isotherm

R2 Qmaxmg\g b, L\mg R2 Kfmg\g n
0.989 149.3 0.0756 0.982 15.85 2.04

The Langmuir model shows in Fig.-2 (e) and (f) a slightly higher R2 (0.989 vs 0.982), this implies that the
adsorption happens probably on a monolayer with comparable sites. Adsorption Intensity (n): Since the
calculated n is 2.04 (which is between 1 and 10), it confirms that the adsorption process is highly
favorable for this material.40,41

Adsorption Mechanism
Surface phenomenon- Adsorption vs. Absorption as Surface Phenomena: Cr(VI) elimination is only a
surface phenomenon (adsorption). Physical Adsorption: First, metal ions move from the bulk liquid to the
resin surface by film diffusion. Chemical Adsorption (Chemisorption): On reaching the surface, ions form
strong chemical bonds with the cysteine functional groups. The wide “landing strip” for these ions is
provided by the significant surface area and high porosity of the cross-linked Tamarind Kernel Powder.

Electrostatic Interaction
Generally, in wastewater, chromium exists as chromate (HCrO4-) or chromate anion. At pH 2.0 the amino
groups on the cysteine molecule undergo protonation.

Resin-NH2 +H+ Resin-NH3

Interaction
The negatively charged HCrO4-ions are strongly drawn to the newly positively charged resin surface by
electrostatic forces. Therefore, very acidic settings are best for chromium removal.

Feature Low pH<4.0
Surface charge Positive
Active groups Protonated amine
Target ion Cr(VI) anionic

Interaction type Electrostatic attraction
Ion Exchange Mechanism
Carboxylic acid groups (-COOH) are present in the cysteine molecule. The H+ ions on these groups are
responsible for replacing chromium Cr(VI); the exchange takes place at the protonated amino sites since
Cr(VI) is an anion (HCrO4-). In this case, the resin may swap the chromate for either a hydroxyl ion (OH-)
or a chloride ion (Cl-).
Chelation or Coordination Mechanism
Compared to simple ion exchange, chelation is a more complex and powerful type of binding. A single
metal ion and two or more "donor atoms" (oxygen, nitrogen, or sulfur) from the cysteine molecule make
multiple coordinate covalent bonds in this process.
Common Ion Effect
In real industrial wastewater, Cr (VI) ions rarely exist as the sole dissolved species. A diverse range of
ions existing together, such as Cl-, NO3-, SO42-, Na+, and Ca2+ are often observed, and their presence may
affect the adsorption capacity of the resin.8,9,10 Thus, the evaluation of the impact of the aforementioned
ions becomes crucial in the assessment of the practical potential of the adsorbent. From all of the
coexisting components, the anions like chloride (Cl-), nitrate (NO3-), and sulphate (SO42-) can
considerably affect the elimination of Cr (VI). The presence of such anions leads to an increase in the
ionic strength of the solution; thus, the screening effect is observed, and the electrostatic connection
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between Cr (VI) species and positive adsorption sites is weakened.7,21,27 Thus, the chromium ions have
more difficulty in reaching the active adsorption sites, and the adsorption process is decreased. Among
the anions, sulphate ions demonstrate the biggest interfering ability. This is because sulphate ions have a
divalent negative charge and possess electrostatic properties comparable with those of chromate ions
(CrO42-). Thus, the competition for the positive functional groups of the resin, like protonated amino
groups (Resin–NH3+) takes place. As a consequence, the high content of sulphate ions may significantly
decrease the adsorption of chromium due to the occupation of its adsorption sites.

Table: Interference Impact
Species Type Targeted metal Impact on adsorption mechanism
SO42- anion Cr(VI) High decrease Competition for NH3+Sites

Cl-\NO3- anion Cr(VI) Low decrease General ionic strength\screening

CONCLUSION
The present study demonstrated that TTAMP resin can serve as a highly efficient adsorbent for the
extraction of Cr (VI) ions from water solutions. It was found that the adsorption process is influenced by
several operational factors, including the initial concentration of Cr (VI) ions, the pH level of the solution,
the duration of contact, and the amount of resin used. Among all the conditions tested, the most effective
adsorption occurred at the optimal pH, achieving a maximum removal efficiency of 93.5%. The data
obtained from the adsorption experiments indicated that the adsorption isotherms are best described by
the Langmuir isotherm equation, which implies the formation of a monolayer on a uniform surface with a
finite number of adsorption sites. Therefore, the results presented affirm the significant adsorptive
capacity of TTAMP resin and highlight its potential for the efficient removal of Cr (VI) ions. In summary,
the investigation has revealed the remarkable effectiveness of TTAMP resin as an adsorbent for Cr (VI)
ion removal, making it a promising candidate for wastewater treatment processes and the remediation of
chromium-contaminated water and heavy metal pollution (SDG-6).

ACKNOWEDGMENTS
The authors express their gratitude to the Head of the Chemistry Department at Jai Narain Vyas
University in Jodhpur for supplying the necessary equipment and laboratory facilities.

CONFLICT OF INTERESTS
The authors declare that there are no conflicts of interest.

AUTHOR CONTRIBUTIONS
The present work is related to SDG-6: Clean Water and Sanitation. All the authors contributed
significantly to this manuscript, participated in reviewing/editing and approved the final draft for
publication. The research profile of the authors can be verified from their ORCID ids, given below:
Manisha https://orcid.org/0009-0005-4683-622X
Anju Chowdhary https://orcid.org/0009-0007-0920-6995
Mukesh Singh Chouhan https://orcid.org/0009-0004-8878-8871
Vikal Gupta https://orcid.org/0000-0002-4886-6896

REFERENCES
1. R. Ahmed, S.I. Siddiqui, B. Al Alwan, M. Almesfer, M.K. Khanna, B. Fatima, R. Mishra, M.A.

Ansari, S. Oh, Journal of Cleaner Production, 341, 130860(2022),
https://doi.org/10.1016/j.jclepro.2022.130860

Open Access: This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use,
distribution, and reproduction in any medium, provided you give appropriate credit to the original author(s)
and the source, provide a link to the Creative Commons license, and indicate if changes were made.
Cite this article as: Manisha et al., Rasayan J. Chem., Vol.19, Special Issue, 147-155(2026),
https://doi.org/10.31788/RJC.2026.19510045

https://orcid.org/0009-0005-4683-622X
https://orcid.org/0009-0007-0920-6995
https://orcid.org/0009-0004-8878-8871
https://orcid.org/0000-0002-4886-6896
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/j.jclepro.2022.130860


Vol. 19 | Special Issue | 147-155 | 2026

BIOPOLYMER-BASED RESIN TO REMOVE Cr (VI) IONS Manisha et al.
154

2. T. Alharbi, K. Al-Kahtany, H.E. Nour, S. Giacobbe, A.S. El-Sorogy, Marine Pollution Bulletin, 185,
114255(2022), https://doi.org/10.1016/j.marpolbul.2022.114255

3. A.F. Ankrah, B. Tokay, C.E. Snape, International Journal of Environmental Research, 16(2),
17(2022), https://doi.org/10.1007/s41742-022-00395-9

4. K. Mandal, M.A. Abomuti, S.A. Al-Harbi, S. Tejasvi, S. Park, M.B. Raigar, S. Oh, Water, 15(16),
2924(2023), https://doi.org/10.3390/w15162924

5. P. Babuji, S. Thirumalaisamy, K. Duraisamy, G. Periyasamy, Water, 15(14), 2532(2023),
https://doi.org/10.3390/w15142532

6. U. Pal, J.L. Ortiz-Quiñonez, Heavy Metal Removal from Water, CRC Press, Boca Raton, 2026,
https://doi.org/10.1201/9781003599098

7. W. Bai, L. Fan, Y. Zhou, Y. Zhang, J. Shi, G. Lv, Y. Wu, Q. Liu, J. Song, Journal of Applied
Polymer Science, 134(17), (2017), https://doi.org/10.1002/app.44758

8. S. Ullah, O. Ohsawa, T. Ishaq, M. Hashmi, M.N. Sarwar, C. Zhu, Y. Ge, Y. Jang, I.S. Kim,
Sustainability, 15(12), 9365(2023), https://doi.org/10.3390/su15129365

9. V.K. Yadav, A. Amari, A. Gacem, N. Elboughdiri, L.B. Eltayeb, M.H. Fulekar, Water, 15(5),
908(2023), https://doi.org/10.3390/w15050908

10. E. Yousif, J. Salimon, N. Salih, Arabian Journal of Chemistry, 7(3), 306(2014),
https://doi.org/10.1016/j.arabjc.2010.11.003

11. G.M. Fernandes, Métodos Analíticos Explorando Imagens Digitais e Arranjos Optoeletrônicos Para a
Avaliação de Qualidade e Monitoramento Do Processo de Destilação de Cachaça, Universidade de
São Paulo, Piracicaba, 2026, https://doi.org/10.11606/T.64.2026.tde-20082026-110848

12. J. Yadav, P. Chauhan, R.K. Rawat, S.K. Pathak, S. Srivastava, Journal of the Indian Chemical
Society, 101(8), 101201(2024), https://doi.org/10.1016/j.jics.2024.101201

13. A.M. Mahdy, E. Elkhatib, T. Zhang, N.O. Fathi, Z.-Q. Lin, Applied Sciences, 10(16), 5633(2020),
https://doi.org/10.3390/app10165633

14. E. Mosaffa, R.I. Patel, A.M. Purohit, B.B. Basak, A. Banerjee, Journal of Polymers and the
Environment, 31(6), 2486(2023), https://doi.org/10.1007/s10924-022-02744-3

15. A. Choudhry, A. Sharma, S.I. Siddiqui, I. Ahamad, M. Sajid, T.A. Khan, S.A. Chaudhry,
Environmental Research, 220, 115193(2023), https://doi.org/10.1016/j.envres.2022.115193

16. S. Giri, A.K. Singh, Environmental Monitoring and Assessment, 187(3), 63(2015),
https://doi.org/10.1007/s10661-015-4265-4

17. E. Malkoc, Y. Nuhoglu, Chemical Engineering and Processing: Process Intensification, 46(10),
1020–1029(2007), https://doi.org/10.1016/j.cep.2007.05.007

18. C. Sukumar, G. Gowthami, R. Nitya, V. Janaki, S. Kamala-Kannan, K. Shanthi, Environmental
Earth Sciences, 72(3), 839(2014), https://doi.org/10.1007/s12665-013-3007-6

19. Z. Ahamad, A. Nasar, Cellulose, 31(6), 3763(2024), https://doi.org/10.1007/s10570-024-05813-z
20. X.-F. Chen, X.-Y. Huang, H.-R. Liu, L. Ding, L. Wen, X.-F. Wang, Z. Xu, Y.-H. Cheng, M.-L. Chen,

Food Bioscience, 82, 109271(2026), https://doi.org/10.1016/j.fbio.2026.109271
21. P.S. Khoo, R.A. Ilyas, M.N.A. Uda, S.A. Hassan, A.H. Nordin, A.S. Norfarhana, N.H. Ab Hamid,

M.S.A. Rani, H. Abral, M.N.F. Norrrahim, V.F. Knight, C.L. Lee, S.A. Rafiqah, Polymers, 15(14),
3114(2023), https://doi.org/10.3390/polym15143114

22. U. Ahmad, S.T. Sahi, M. Atiq, M.A. Khan, Plant Protection, 10(2), 457(2026),
https://doi.org/10.33804/pp.010.03.5925

23. M. Shaban, M.R. Abukhadra, M. Rabia, Y.A. Elkader, M.R. Abd El-Halim, Rendiconti Lincei.
Scienze Fisiche e Naturali, 29(1), 141(2018), https://doi.org/10.1007/s12210-018-0673-z

24. D. Ulukuş, S. Mirza, A.A. Hussaini, T. Öztürk, A. Toprak, A. Uysal, M. Yıldırım, Journal of
Inorganic and Organometallic Polymers and Materials, 35(9), 7700(2025),
https://doi.org/10.1007/s10904-025-03773-w

25. H. Penchev, D. Budurova, F. Ublekov, K. Zaharieva, E.A. Ali, A.E. Abdelhamid, A.A. El-Sayed,
A.M. Khalil, Emergent Materials, 8(4), 2451(2025), https://doi.org/10.1007/s42247-024-00712-2

https://doi.org/10.1016/j.marpolbul.2022.114255
https://doi.org/10.1007/s41742-022-00395-9
https://doi.org/10.3390/w15162924
https://doi.org/10.3390/w15142532
https://doi.org/10.1201/9781003599098
https://doi.org/10.1002/app.44758
https://doi.org/10.3390/su15129365
https://doi.org/10.3390/w15050908
https://doi.org/10.1016/j.arabjc.2010.11.003
https://doi.org/10.11606/T.64.2026.tde-20082026-110848
https://doi.org/10.1016/j.jics.2024.101201
https://doi.org/10.3390/app10165633
https://doi.org/10.1007/s10924-022-02744-3
https://doi.org/10.1016/j.envres.2022.115193
https://doi.org/10.1007/s10661-015-4265-4
https://doi.org/10.1016/j.cep.2007.05.007
https://doi.org/10.1007/s12665-013-3007-6
https://doi.org/10.1007/s10570-024-05813-z
https://doi.org/10.1016/j.fbio.2026.109271
https://doi.org/10.3390/polym15143114
https://doi.org/10.33804/pp.010.03.5925
https://doi.org/10.1007/s12210-018-0673-z
https://doi.org/10.1007/s10904-025-03773-w
https://doi.org/10.1007/s42247-024-00712-2


Vol. 19 | Special Issue | 147-155 | 2026

BIOPOLYMER-BASED RESIN TO REMOVE Cr (VI) IONS Manisha et al.
155

26. A. Solanki, Z. Ahamad, V. Gupta, Industrial Crops and Products, 224, 120340(2025),
https://doi.org/10.1016/j.indcrop.2024.120340

27. S. Kumari, N.K. Agrawal, A. Agarwal, A. Kumar, N. Malik, D. Goyal, V.D. Rajput, T. Minkina, P.
Sharma, M.C. Garg, Separations, 10(7), 393(2023), https://doi.org/10.3390/separations10070393

28. S.C. Low, N. Eshtiaghi, L. Shu, R. Parthasarathy, Process Safety and Environmental Protection, 112,
209(2017), https://doi.org/10.1016/j.psep.2017.08.016

29. Y.I. Naberukhin, Journal of Molecular Liquids, 239, 45(2017),
https://doi.org/10.1016/j.molliq.2016.12.053

30. M. Parastar, S. Sheshmani, S. Shokrollahzadeh, International Journal of Biological Macromolecules,
166, 229(2021), https://doi.org/10.1016/j.ijbiomac.2020.10.160

31. S.I. Siddiqui, S.A. Chaudhry, Arsenic: Toxic Effects and Remediation, in Advanced Materials for
Wastewater Treatment, Shahid-Ul-Islam, Ed., John Wiley & Sons, Scrivener Publishing, 2017,
https://doi.org/10.1002/9781119407867.ch1

32. P. Sherugar, M. Padaki, N.S. Naik, S.D. George, D.H.K. Murthy, Chemosphere, 287, 132085(2022),
https://doi.org/10.1016/j.chemosphere.2021.132085

33. S.I. Siddiqui, S.A. Chaudhry, Process Safety and Environmental Protection, 119, 138(2018),
https://doi.org/10.1016/j.psep.2018.07.020

34. A.A. Bayode, S.S. Emmanuel, K.D. Terlanga, Nanomaterials and Their Derivative Biocomposites
for Dye Adsorption, in Engineered Biocomposites for Dye Adsorption, Elsevier, 2025, pp 313–337,
https://doi.org/10.1016/B978-0-443-29877-6.00019-6

35. S. Indah, D. Helard, T. Edwin, R. Pratiwi, AIP Conference OProceedings, 1823(1), 020072(2017),
https://doi.org/10.1063/1.4978145

36. S. Banerjee, M.C. Chattopadhyaya, Uma, Y.C. Sharma, Journal of Hazardous, Toxic, and
Radioactive Waste, 18(1), 56(2014), https://doi.org/10.1061/(ASCE)HZ.2153-5515.0000191

37. S.I. Siddiqui, R. Ravi, S.A. Chaudhry, in A New Generation Material Graphene: Applications in
Water Technology, pp. 221–237(2019), https://doi.org/10.1007/978-3-319-75484-0_9

38. S.I. Siddiqui, R. Ravi, G. Rathi, N. Tara, S. ul-Islam, S.A. Chaudhry, in Nanomaterials in the Wet
Processing of Textiles, pp. 187–218(2018), https://doi.org/10.1002/9781119459804.ch6

39. R. Aathithya, J.R. Sowparnika, V. Balakrishnan, International Letters of Natural Sciences, 25,
12(2014), https://doi.org/10.56431/p-3v22tm

40. Q. Sun, L. Wang, Y. Li, L. Li, S. Li, G. Zhu, Water, 15(14), 2529(2023),
https://doi.org/10.3390/w15142529

41. C. Tejada-Tovar, Á. Villabona-Ortíz, R. Ortega-Toro, Applied Sciences, 13(14), 8481(2023),
https://doi.org/10.3390/app13148481

[RJC-10045/2026]

https://doi.org/10.1016/j.indcrop.2024.120340
https://doi.org/10.3390/separations10070393
https://doi.org/10.1016/j.psep.2017.08.016
https://doi.org/10.1016/j.molliq.2016.12.053
https://doi.org/10.1016/j.ijbiomac.2020.10.160
https://doi.org/10.1002/9781119407867.ch1
https://doi.org/10.1016/j.chemosphere.2021.132085
https://doi.org/10.1016/j.psep.2018.07.020
https://doi.org/10.1016/B978-0-443-29877-6.00019-6
https://doi.org/10.1063/1.4978145
https://doi.org/10.1061/(ASCE)HZ.2153-5515.0000191
https://doi.org/10.1007/978-3-319-75484-0_9
https://doi.org/10.1002/9781119459804.ch6
https://doi.org/10.56431/p-3v22tm
https://doi.org/10.3390/w15142529
https://doi.org/10.3390/app13148481

	Experimental parameters
	Ms (mgL-1)
	pH
	Ps (µm)
	Time (min)
	Co (mg/L)
	Adsorbent dosage Ms (g/L)
	0-20
	8
	120
	50
	50
	pH
	10
	1-12
	120
	50
	50
	Contact time T (min)
	10
	8
	120
	0-180
	50
	Concentration of Cr (VI) ion Co (mg/L)
	10
	8
	120
	50
	50-500

