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ABSTRACT

Malachite green (MG), commonly employed in the textile and dyeing sectors, is a prevalent and enduring contami-
nant found in wastewater and the environment. Its presence poses harmful effects to humans and aquatic organ-
isms. This work utilised hydrogen peroxide-treated desiccated coconut waste (HPDCW) to remove MG from an
aqueous solution. The HPDCW underwent characterisation utilising FTIR, SEM-EDX, pH,,..» and pH_,. Based
on the results obtained, it was found that HPDCW recorded a biosorption capacity of 211.88 mg/g, attained at a
temperature of 302 K, a pH of 9, a contact period of 5 min, and a dosage of 0.02 g. MG biosorption rates accurately
followed the pseudo-second-order kinetic model, while the equilibrium data presented a step-shaped isotherm
model. The relatively small percentages of MG desorption observed when using distilled water and HCI (0.01 and
0.02 M) indicate that electrostatic interaction is one of the mechanisms responsible for the interaction between MG

and HPDCW. There is also a possibility of the involvement of hydrogen bonding and n-n interactions.

Keywords: biosorption, desiccated coconut, isotherm, kinetic, malachite green.

INTRODUCTION

The escalating worldwide apprehension re-
garding water pollution caused by both inorganic
and organic substances is primarily driven by the
potential health risks and environmental conse-
quences associated with it. Within this group of
organic chemicals, synthetic dyes have emerged
as significant pollutants as a result of the sub-
stantial release of wastewater with elevated dye
concentrations from various industrial sectors
(Al-Amrani et al., 2022; Zhang et al., 2021). Mal-
achite green (MQG) is frequently employed for the
purpose of colouring various materials, includ-
ing silk, wool, leather, cotton, distilleries, paper,
and jute. Aquaculture employs it as an antiseptic,
antiparasitic agent, and fungicide. Although it is
harmful, this dye is nevertheless used in multiple

nations, mostly due to its easy availability, high
efficacy and low cost. Recent findings indicate
that when animals consume this dye orally, it can
lead to toxicity, carcinogenicity, mutagenicity,
and teratogenicity (He et al., 2023; Zainon et al.,
2023). In humans, inhalation of MG can result in
respiratory system damage and perhaps lead to
infertility (Azaman et al., 2018). Hence, it is im-
perative to employ simple yet efficient technolo-
gy for the treatment of dye wastewater prior to its
discharge into natural bodies of water.
Biosorption is a versatile process that can
effectively separate various substances. It offers
economic advantages, is environmentally sustain-
able, and is compatible with biological systems.
Additionally, it is capable of efficiently eliminat-
ing synthetic colours from wastewater (Ganiyu
et al., 2023; Umeh et al., 2023). Various research
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endeavours have utilised bioresources, specifical-
ly lignocellulosic materials, as biosorbents for the
purpose of eliminating dyes. These biosorbents
are not only cost-effective but also readily acces-
sible locally (Prasad et al., 2023; Somsiripan &
Sangwichien, 2023; Song et al., 2023; Widiar-
tyasari Prihatdini et al., 2023). Coconuts (Cocos
nucifera L.) are Arecaceae palm trees with sever-
al applications (Chong & Tam, 2020). The spe-
cies is predominantly cultivated along the coastal
areas of Peninsular Malaysia, covering an area
of 142,000 hectares. Consequently, a significant
quantity of solid waste in the form of husk fibres
and shells is generated on a yearly basis. Typical-
ly, the surplus is whichever is leftward to decom-
pose or utilised as a combustible fuel, resulting
in significant environmental disruption (Bello &
Ahmad, 2012; Saikia et al., 2022). Enhancing
coconuts to serve as adsorptive material in the
treatment of municipal and industrial effluents or
water purification will enhance the worth of these
agricultural commodities and contribute to the re-
duction of waste disposal expenses.

Coconut husk ash (CHA) was utilised as a sub-
strate for CoAl layered double hydroxide (LDH)
and employed in the MG removal from aqueous
solutions. The findings demonstrated that the CHA/
CoAI-LDH composite exhibited a remarkable re-
moval efficacy of 98.16% with a maximal Langmuir
biosorption capacity of 666.4 mg/g when adminis-
tered at a biosorbent dose 0of 0.015 g, with a prelimi-
nary MG concentration of 100 mg/L and a pH of 10
(Saikia et al., 2022). The discarded coconut fibres
were processed and converted into cellulose-based
aerogels using sodium hydroxide (NaOH) and hy-
drogen peroxide (H,0,). These aerogels were then
utilised to eliminate methylene blue (MB) from the
water that contained it. The synthesised aerogels
exhibit a low bulk of 0.034-0.063 g/cm® with a con-
sistent porosity ranging from 96.30% to 98.32%.
Moreover, they have exceptional biosorption ca-
pabilities for MB, with a biosorption capability of
625 mg/g, which is three times greater than that of
uncarbonated aerogels (Nguyen et al., 2022). In an-
other study, coconut shell activated carbon (CSAC)
was utilised with great efficacy for removing MG.
The relationship between the MG molecule and
CSAC biosorbent was affected by the solution pH,
resulting in a biosorption capacity of 61.83 mg/g
at a temperature of 303 K (Azaman et al., 2018).
Bello & Ahmad (2012) employed coconut shell-
based activated carbon (CSAC) in batch studies to
eliminate MG. The highest efficiency in removing
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MG was achieved at a pH of 8.0 or above, with a
maximum biosorption capacity of 187.43 mg/g at
a temperature of 303 K. Nevertheless, the poten-
tial of using hydrogen peroxide to treat desiccated
coconut waste (DCW) for adsorbing MG has not
been studied.

In this work, DCW was subjected to hexane
washing before being treated with hydrogen per-
oxide and applied for MG removal from synthetic
wastewater. The biosorbent underwent character-
isation using spectroscopic and quantitative tests.
The biosorption of MG onto the biosorbent was
examined under several experimental settings,
such as varying pH levels, initial MG concentra-
tions, and dosages.

MATERIALS AND METHODS

Preparation of biosorbent

Raw DCW was bought from a local market in
Jengka, Malaysia and underwent thorough rinsing
and pressing with distilled water to remove the co-
conut milk. Subsequently, it was subjected to dry-
ing at a temperature of 80°C overnight. The DCW
then underwent a pretreatment process involving
the combination of hexane at a weight-to-volume
ratio of 1:10. The mixture was left overnight to
remove the fat content, filtered and dehydrated in
the oven at 80 °C for 24 h. DCW was then sub-
jected to a size reduction process, wherein it was
crushed into fine particles ranging in size from 150
to 250 um. Then, 1.0 g of DCW was brought into
contact with 100 mL of H,O, (15%, v/v) heated at
50°C. After undergoing an hour of agitation, the
resulting samples underwent a sequence of steps,
including rinsing with distilled water, filtration,
and drying at 80 °C for 24 h.

Preparation of MG solution

The MG biosorption tests were performed em-
ploying a water-based solution of MG dye (99%
purity) provided by R&M Chemicals, Malaysia.
To prepare the experimental solution, 1000 mg/L
MG standard solution was initially formulated
utilising 1 L of distilled water. This solution was
subsequently subjected to appropriate dilution
procedures to attain the desired concentration of
MG dye for the experimental trials. Detailed in-
sights into the MG molecular structure and prop-
erties are comprehensively outlined in Table 1.
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Table 1. Physiognomies of MG accompanied by its molecular structure

Physiognomies MG Molecular structure
Abbreviation MG
Type Cationic dye cr ® | |
N N
Molecular weight 364.91 g/mol ~ ~
Chemical formula C23H25NLCl \
Parent Compound CID 11295 (MG cation)
China Green, MG 569-64-2,
Common Synonyms Basic Green 4,
MG chloride.
Appearance In water solutions: Blue-green
PP Metallic lustre with green crystals.

Characterisation of DCW and HPDCW

Employing an FTIR spectrophotometer
(PerkinElmer, Spectrum 100, USA), the surface
functional groups inherent to DCW, HPDCW,
and MG-laden HPDCW were conclusively as-
certained. The spectral analysis spanned the
range of 4000 to 600 cm™. Additionally, to ex-
amine the surface morphology of DCW and HP-
DCW, SEM coupled with EDX (Oxford Instru-
ment, UK) was utilised. To determine surface
charge using the pH at the point of zero charge
(pszc) approach, a systematic evaluation of
HPDCW was conducted as follows: Solutions
comprising 50 mL of 0.01 M NacCl, exhibiting
an initial pH (pH,) spanning from 3 to 9, were
meticulously prepared. Subsequently, 0.50 g of
HPDCW was immersed in these NaCl solutions
for 24 h. The post-incubation stage encompassed
the measurement of the final pH (pH,) in the su-
pernatant post-filtration. The critical pH value
in the ApH (pH, - pH,) versus pH. plot, where
the curve meets the pH, axis, clearly marked
the pH of HPDCW. In addition, the slurry pH
(pH,,,,) was measured by immersing 0.50 g of
DCW and HPDCW in 50mL of distilled water in
separate conical flasks. The mixture was allowed
to sit at ambient temperature overnight before
undergoing filtration using a Whatman filter pa-
per (No. 42), and the pH resulting from the fil-
tered solution was evaluated using a pH meter.

Malachite green batch biosorption studies

The MG solution (50 mL) was sourced
from the stock solution, and batch biosorption
experiments were undertaken using 250 mL
Erlenmeyer flasks. These flasks were placed
on a 10-point magnetic stirrer operating at 300
rpm. The objective was to assess the impact

of varying quantities of HPDCW and solution
pH on its biosorption efficacy for a 10 mg/L
MG dye solution at 29 °C (room temperature).
This assessment involved altering the pH of
the MG solutions within 3 to 9. For dosage
effect, HPDCW weight ranged from 0.02 to
0.10 g was applied, and the interaction time
was fixed at 60 min. The pH adjustments were
meticulously executed using a pH meter (Eu-
tech Instruments pH 510, Singapore), and for
this purpose, controlled additions of 0.10 M
HCI or NaOH were introduced to each experi-
mental setting. Additionally, kinetic investiga-
tions were conducted. For this purpose, 50 mL
of MG solutions and 0.02 g of HPDCW were
mixed at pH 9, encompassing different initial
MG concentrations (10-30 mg/L). These mix-
tures were observed at certain time intermis-
sions. Isotherm steadiness tests were conduct-
ed by the addition of 0.02 g of HPDCW into
50 mL of the investigated dye solution at pH 9.
The initial MG concentrations (10-200 mg/L)
were spanned at 60 min. To quantify the MG
concentrations, a double-beam UV/Vis spec-
trophotometer (UV-1800, Shimadzu, Japan)
was employed through measurements taken at
a wavelength of 617 nm (A__ ). The amount of
MG adsorbed on HPDCW was calculated by
means of Eq. (1), while the removal percentage
was determined by Eq. (2):

(Co—Ce) XV
go=——"— (1)

Co— Ce
% Removal = = X 100 2)

0

where: g, is the amount of MG adsorbed, Cis
the initial MG concentration, C, is MG
equilibrium concentration, m is HPD-
CW dosage, and V is MG volume.
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It is important to underscore that the biosorp-
tion experiments were duplicated, and the report-
ed outcomes represent the averaged results.

Desorption studies

Commencing the biosorption process of MG
solutions, a measured volume of 50 mL from
the 10 mg/L MG solutions was introduced into
a 250 mL Erlenmeyer flask. Subsequently, an ex-
act amount of 0.02 g of HPDCW was introduced,
and the mixture was subjected to 1 h of agitation
at 29 °C. After this phase, the solutions were fil-
trated, followed by a UV-visible spectrophotom-
eter analysis. The biosorbent was dried for 2 h in
an 80 °C oven. The desorption protocol encom-
passed using distilled water and HCI solutions at
different concentrations of 0.01 M and 0.02 M. In
this process, 50 mL of each of the solutions men-
tioned above was transferred into 250 ml Erlen-
meyer flasks. Subsequently, the previously dried
HPDCW was introduced to each flask, and the
contents were stirred for 1 h. The ensuing mixture
was again subjected to filtration, and the resultant
solution was subjected to scrutiny employing a
UV-visible spectrophotometer. The percentage of
MG desorbed was estimated using Eq. (3):

Desorption efficiency (%) =
MG conc.after elution (mg/L)

<100 O

MG conc.before elution (mg/L)
Statistical analysis

To better match the investigational results
toward the intended models, a non-linear regres-
sion assessment of the kinetic models was per-
formed using the Solver add-in, Microsoft Excel.
The assessment of the fitness level was conducted
through the utilisation of statistical measures such
as the determination constant (R?) then the non-
linear chi-square (y?). The statistical properties
were calculated utilising the subsequent math-
ematical equations:

2_ Z(QE,cal,i_Qe,exp,i)z (4)
Z(Qe,cal,i_Qe,exp,avg)z - Z(Qe,cal.i_CIe,exp,i )?

(qeexp,i— deca ,i)z
R R ()

deexp,i

where ¢, . Do along with Doenpave ATC the
model-premeditated and empirically ob-
served biosorption capacity on HPDCW
at any observation i, respectively, N rep-

resents the observation number.
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RESULTS AND DISCUSSION

Biosorbent characterisation

Figure 1 displays the FTIR bands of raw DCW,
HPDCW, and MG-laden HPDCW. The spectra of
DCW, HPDCW, and MG-laden HPDCW did not
exhibit any notable differences, except for the ex-
istence of a new peak at 1518 cm™ in the spectrum
of MG-laden HPDCW. The spectra exhibit a broad
peak at about 3356 cm!, suggesting the existence
of hydroxyl, carboxylic, and amine functional sets
in cellulose and lignin (Azaman et al., 2018; Kha-
lid et al., 2022). Furthermore, the C-H groups de-
rived from cellulose groups are found within the
range of 2854 to 2923 cm™'. The distinct peaks ob-
served at 1744 and 1456 cm™! provide evidence for
the existence of carboxylic acid functional groups.
The bands seen at 1645 and 1643 cm™! represent
the C=0O functional group present in DCW and
HPDCW, respectively. The existence of C—N from
amino groups is indicated by the peak near 1242
cm'. The band observed at around 1147 cm™ cor-
responds to the stretching of C-O or C-S, which
are often present in alcohols, amino acids, ethers
and esters (Piriya et al., 2023). The spectral range
from 900 to 700 cm™ exhibits bands associated
with aromatic compounds, namely the bending of
out-of-plane C-H bonds through varying levels of
replacement. Similar findings were documented
while employing alternative biosorbents (Aza-
man et al., 2018; Bello & Ahmad, 2012; Zainon et
al., 2023). The biosorption of MG onto HPDCW
resulted in a decrease in the percentage of trans-
mittance of the C=0 functional group at 1744 cm’!
and the appearance of a weak peak at 1518 cm’,
representing the C=N of MG. This proposes that
amine and carboxylic groups play a key role in the
biosorption process. Furthermore, the newly ob-
served peak at 1518 cm™ can be associated with
conjugated hydrogen-linked carboxyl groups with
MG (Bello & Ahmad, 2012). The FTIR analysis
reveals that both DCW and HPDCW include a
significant amount of carboxyl, hydroxyl, amine,
and aromatic groups. The MG biosorption on the
HPDCW was facilitated through the interaction
between the amine and -OH groups, which form
hydrogen bonds or electrostatic interactions with
the adsorbed MG molecules. Other weak inter-
molecular forces involved between HPDCW and
MG, such as n-r and n-7, could not be ruled out.
Figure 2 displays SEM and EDX images of the
raw DCW, HPDCW, and MG-laden HPDCW. The
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Figure 1. Spectra of FTIR of raw DCW, HPDCW, along with MG-laden HPDCW

surface texture of DCW exhibited a significant
disparity prior to and subsequent to the treatment.
The existence of hemicellulose and lignin in the
raw DCW gives it a distinct morphological appear-
ance, characterised by a hard, caves-like, and un-
even surface (Figure 2A). However, when DCW
is pretreated with hexane and H,O,, the lignin, oil,
and fats are eliminated, leading to a spongy struc-
ture with pores (Figure 2C). This pretreatment not
only increases the inner surface zone but also en-
dorses the development of the pore, which is re-
liable with the research by Zainon Abidin et al.
(2023). Furthermore, Figure 2D demonstrates that
the oxygen content (O) of HPDCW is greater than
that of DCW, as depicted in Figure 2B. The DCW
has carbon (C) as the main component, accounting
for 61.30% (by weight), whereas HPDCW con-
tains 57.76% carbon. These observations suggest
the successful oxidation process of the hydroxyl
groups on the DCW surface to carboxylic groups
using H,O, solution. After MG biosorption, the
surface of MG-laden HPDCW proves that it has
been roofed with a film of MG dye, as confirmed
by the oxygen content decreases, as presented in
Figure 2F, due to the binding between the hydroxyl
groups in HPDCW and MG.

The PH,,., refers to the pH value of an biosor-
bent, indicating its level of acidity or basicity. The
pH,, refers to the pH level at which the amount of
negative charges on the biosorbent surface is equiv-
alent to the number of positive charges (Hanafiah
et al., 2022). The pH values of the slurry are 6.44
and 4.88 for DCW and HPDCW, respectively. The

pH_,. value for HPDCW is 5.7, as shown in Figure
3. The surface properties of DCW and HPDCW
biosorbent were determined to be acidic based on
both the pH,,., and pH,. This indicates that the
alteration has effectively altered the surface char-
acteristics of the HPDCW. The decreased pH, A
value of the HPDCW suggests an increase in the
concentration of carboxylic acid groups following
treatment with H,O,. When the pH is greater than
the pH ., the HPDCW surface will acquire a stron-
ger negative charge. As a result, the MG biosorp-
tion would be favoured.

Malachite green biosorption tests

Impact of MG solution pH

The efficacy of the biosorption process can be
greatly influenced by the MG solution pH. It regu-
lates the charge of the biosorbent surface, impacts
the chemistry of the dye, breaks apart functional
groups of the biosorbent on the dynamic sites, and
can ionise the molecules being adsorbed in the so-
lution (Al-Amrani et al., 2022). Hence, Figure 4
visually represents the impact of varying initial pH
of the MG solution on the biosorption process. The
results clearly show that increasing the pH from 3.0
t0 9.0 caused a simultaneous upsurge in the biosorp-
tion capacity. This is because of the electrostatic at-
traction among the positively charged MG and the
negatively charged COO™ on the HPDCW surface.
The decline in MG biosorption at pH levels below
7 can be ascribed to the loading of H,O" ions on the
HPDCW surface. This outcome is consistent with
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Figure 2. Images of SEM (amplification = 500X) and EDX of (A)
raw DCW, (C) HPDCW, and (E) MG-laden HPDCW

prior analogous biosorption investigations (Azaman
et al., 2018; Saikia et al., 2022; Zainon et al., 2023).
Consequently, isotherm and kinetics studies were
carried out on the MG solution at a pH of 9.

Impact of HPDCW dosage

The dosage of biosorbent is crucial for decisive
biosorption capability since the biosorbent quan-
tity introduced into the solution directly affects the
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number of binding sites accessible for biosorption.
Similarly, the removal ratio is significant as it re-
flects the effectiveness of the biosorbent in remov-
ing the target substance (Al-Amrani et al., 2022).
Figure 5 demonstrates the impact of several dosages
of HPDCW, ranging from 0.02 g to 0.10 g, on the
elimination of MG with 10 mg/L from water solu-
tions at pH 9 over 60 min. Significantly, it is evident
that raising the dosage of HPDCW from 0.02 to 0.10
g resulted in an increase in the MG elimination in
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Figure 4. The impact of solution pH on the
biosorption behaviour of MG at a concentration of 10
mg/L, HPDCW dosage of 0.02 g, 300 rpm, and 29°C

the bulk solution from 80.89% to 89.38%, although
simultaneously reducing the capability of MG bio-
sorption from 22 to 4 mg/g. The upsurge percentage
of MG biosorption may be ascribed to an elevation
in the accessible, energetic sites for MG biosorption.
In contrast, the decrease in MG biosorption ability
may be because of the aggregation or overlapping
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of biosorption places at larger biosorbent dosages
and the increase of unsaturated surface area for ad-
sorbate. Therefore, subsequent investigations on
kinetics and isotherms were conducted using 0.02
g of HPDCW. The results of other biosorption in-
vestigations were consistent with these observations
(Lemos et al., 2023; Zainon et al., 2023).

Biosorption kinetic studies

The impact of contact time on the MG bio-
sorption using the HPDCW biosorbent is depicted
in Figure 6. The biosorption capacity of HPDCW
increases as the contact duration increases and
reaches equilibrium within 5 min for all initial
concentrations. Comprehending the kinetics of
biosorption is crucial for identifying the optimal
parameters for a batch operation on a big scale
(Musah et al., 2022; Revellame et al., 2020). To
examine the kinetics of MG biosorption using
HPDCW, two well-established non-linear kinetic
models, namely the pseudo-first-order (PFO, Eq.
6) (Lagergren, 1898) and pseudo-second-order
(PSO, Eq. 7) (Ho & McKay, 1999) were employed.

g = qe (1-ef1 1) (6)
_ qiKjt
I @G aen )

where: ¢, (mg/g), K, (1/min), and K, (g/mg min)
are the biosorption capacity of the dye at
time (min), the rate constant of PFO and
PSO biosorption, respectively.

Figure 6(a-b) displays the alignment between
the experimental results and the designated models,
while Table 2 presents the estimated parameters and

Removal (%)
[oe] o0 o0 o0 o0 o0 o0 o0 o0
— N W B ] [« BN o] O
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foie)
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—6—Removal (%)
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>

0,06 008 010 0,12
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Figure 5. Impact of HPDCW dosage on MG biosorption at an initial
concentration of 10 mg/L, pH 9, 300 rpm, and 29 °C
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Figure 6. Non-linear fitting of (a) PFO and (b) PSO aimed at the MG biosorption kinetic on
HPDCW surface on different initial MG concentrations, pH 9, 300 rpm, and 29°C

statistical constants. Based on the analysis of the re-
sults, the non-linear PSO is the most appropriate for
describing the MG kinetics biosorption on the HPD-
CW biosorbent. This is because it exhibited a high R?
value and a lower y* value compared to the non-lin-
ear PFO model. The HPDCW biosorption capacity
increased from 11.30 to 21.57 and 38.47 mg/g, as
the concentration of MG dye improved from 10 to
20 and 30 mg/L, respectively. This phenomenon can
be explained by the observation that elevated concen-
trations of MG molecules exert a more potent force,
enabling them to surpass the obstacle of mass transfer
between the biosorbent and the liquid (Hanafiah et al.,
2022). Consistent results were noted in other investi-
gations (Lemos et al., 2023; Nguyen et al., 2022).

Biosorption isotherm studies

Biosorption isotherms display an essen-
tial character in optimising the efficiency of
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biosorbents as they elucidate the association be-
tween the biosorbent and the adsorbate. The shape
of an isotherm provides valuable insights into the
affinity of molecules for biosorption and the stabil-
ity of the contacts between the adsorbate and the
biosorbent. Various mathematical approaches are
employed to characterise biosorption isotherms,
ranging from simplified physical models that of-
fer a conceptual understanding of biosorption to
empirical methods that necessitate the correlation
of results (Musah et al., 2022). The investigation
of biosorption isotherms involved varying initial
MG concentrations ranging from 10 to 200 mg/L
though keeping other experimental conditions con-
stant, such as the biosorbent dose of 0.02 g, agita-
tion speed of 300 rpm, contact period of 60 min
and pH of 9. The biosorption behaviour of adsorb-
ates onto a biosorbent was commonly analysed us-
ing nonlinear biosorption isotherm models such as
Langmuir and Freundlich. However, in the current
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Table 2. Non-linear PFO and PSO kinetic models aimed at the MG biosorption onto HPDCW biosorbent

MG ey PFO PSO

(mglL) (mg/9) |gq,,. (mglg) | K,(min™) R? ya q...,(mg/g) |K, (g/mg-min)| R Va
10 11.90 10.77 1.30 0.46 0.59 11.30 0.21 0.82 0.21
20 21.63 20.69 1.1 0.69 0.71 21.57 0.10 0.94 0.16
30 39.35 37.59 2.29 0.41 0.41 38.47 0.17 1.00 0.12

study, neither the Freundlich nor the Langmuir
isotherm models sufficiently defined the observed
behaviour. The biosorption isotherm plot (Figure
7) displayed a distinct step-like pattern. The form
of the biosorption isotherm curve can offer insights
into the contact between the adsorbate and the bi-
osorbent. The hypothesis obtained is that the ob-
served steps in the isotherms indicate an uneven
distribution of energetic places on the biosorbent
surface and the occurrence of physical adsorption.
These energetic places may exhibit varying de-
grees of activity, with some being more active and
becoming saturated even at lower concentrations.
Furthermore, considering the diverse functional
groups of the MG molecules, weak intermolecular
interactions between adsorbates may occur in both
solution and biosorbent surfaces.

Comparison of HPDCW performance
with other reported biosorbents

So as to verify the efficiency of the current
HPDCW biosorbent, its ability to adsorb MG was
compared to that of other biosorbents previously
mentioned in Table 3. Several biosorbents, includ-
ing CSC, SAC, SHAC, PAC, BCA, AWCN, and
CSAC, exhibited notably reduced performances
ranging from 21.51 to 81.00 mg/g. However,

HPDCW demonstrated considerably faster bio-
sorption of MG from the liquid phase, achieving
211.8 mg/g after a mere 5 min. HPDCW showed
superior performance compared with other biosor-
bents, making it an appropriate alternative aimed
at extracting low quantities of MG from aqueous
solutions.

Desorption study

Disposing of the used biosorbent could po-
tentially create an additional environmental
problem. Therefore, we utilised neutral (distilled
water) and acidic media (HCl solutions with con-
centrations of 0.01 M and 0.02 M) to investigate
the removal of MG from HPDCW. The desorp-
tion percentage values are low for all the eluents
under investigation. Nevertheless, the eluent
containing a concentration of 0.02 M HCI had
the highest efficiency in recovering the desired
substance, resulting in a recovery rate of 16.40%,
possibly due to the ion-exchange reaction (Table
4). The contact between MG and HPDCW prob-
ably was not just based on electrostatic forces
but also involved other weak interactions, which
include hydrogen bonding and mn-m interaction,
which were not influenced by variations in ionic
strength (El Khomri et al., 2022).
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Figure 7. Step-like isotherm model of biosorption of MG onto HPDCW
at diverse MG concentrations, pH 9, 60 min, and 29 °C

331



Journal of Ecological Engineering 2024, 25(3), 323-333

Table 3. Valuation of HPDCW biosorption capacities for MG by other reported biosorbents

Optimum experimental biosorption conditions
Biosorbent Initial MG concen- | Contact H Temp. Biosorbent (rga"}a) References
tration (mg/L) time (min) P (°C) dosage ()
HPDCW 10-200 5 9.0 29 0.02 211.8 This study
Grape stalk 25-300 120 5.0 25 0.8g/L 214.0 (Lemos et al., 2023)
PLB 1-70 80 8.0 28 0.2 g/L 266.8 (Jabar et al., 2023)
CSsC 54.35
SAC 21.51 »
20-80 225 7.0 25 4 g/L (Piriya et al., 2023)
SHAC 2217
PAC 32.79
PAOPT 40-200 20 6.0 25 0.02 217.23 (Zainon et al., 2023)
BCA 50-600 20 6.5 25 0.02 81.00 (Phan et al., 2023)
AWCN 10-60 20 6.6 21 0.10 45.45 (Qaiyum et al., 2022)
CSAC 10-50 420 6.5 30 0.10 61.83 (Azaman et al., 2018)
CSAC: Coconut shell activated carbon, PLB: Plantain leaf biochar, CSC: Coconut shell carbon, SAC: Sulphuric acid-activated
carbon, SHAC: Sulphuric acid and hydrogen peroxide solution-activated carbon, PAC: Phosphoric acid-activated carbon, AWCN:
Alkali-modified shells of water chestnut, PAOPT: Phosphoric acid-treated oil palm trunk, BCA: Bacteria cellulose-based aerogel.

Table 4. The biosorption-desorption ratio by means of distilled water and HCI of 0.01 and 0.02 M at MG

concentration of 10 mg/L

Biosorption Desorption
[MG], [MG] adsorbed Biosorption Eluent [MG], Desorption
(mg/L) (mg/L) (%) (mg/L) (%)
3.17 6.83 68.31 Distilled water 0.79 11.58
3.59 6.41 64.10 0.01 M HCI 0.93 14.51
3.61 6.39 63.90 0.02 M HCI 1.05 16.40
CONCLUSIONS REFERENCES

Desiccated coconut waste was subjected to
chemical treatment using 15% (v/v) of H,O,. The re-
sulting product, referred to as HPDCW, was utilised
as a cost-effective biosorbent to remove MG, an ex-
ample of a hazardous cationic dye. According to the
analysis using FTIR, SEM-EDX, and isotherm tests,
it has been determined that the HPDCW has a ben-
eficial impact on MG biosorption. This is primarily
owing to the existence of a rough surface and func-
tional groups such as carboxylic acid, amino and hy-
droxyl on HPDCW. The optimal parameters for MG
biosorption using HPDCW include a dosage of 0.02
g, a pH of at least 7, and only 5 min contact time.
The analysis of the kinetics revealed that the process
of MG biosorption adhered to a PSO model. The re-
sults obtained from the isotherm and desorption tests
indicated the potential occurrence of n-m stacking
contact, hydrogen bonding, and electrostatic attrac-
tion amongst the MG molecules and HPDCW sur-
face. Due to the high value of maximum biosorption
capacity and fast MG uptake, the biosorbent mate-
rial is cheap, and the pretreatment process is easy;
HPDCW can become an alternative biosorbent for
eliminating MG from aqueous media.
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