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ABSTRACT

Dragon fruits are considered as exotic fruits and have recently gained popularity due to their health
benefits in having high nutritional values and good antioxidant properties. The peels, being inedible,
are discarded as wastes. In this study, white dragon fruit peel (WDFP) was utilized as a potential
low-cost natural adsorbent for the removal of toxic Congo red (CR) dye. This is the first report on
the use of WDFP as an adsorbent. Previous reports on white dragon fruit were based on utilizing its
foliage. The WDFP-CR system achieved equilibrium within 3 h. WDFP, whose point of zero charges
was determined to be at pH 5.02, exhibits good overall resilience to changes in both pH medium and
ionic strength. Adsorption isotherm indicated the Temkin model to be the best fit followed by the
Sips model with high maximum adsorption capacity (g, ) of 76.6 mg g™ as compared to many other
reported natural adsorbents. Adsorption process using 100 mg L CR dye confirmed the pseudo-
second-order kinetics with rate constant k, of 1.87 g mmol™ min. The Weber and Morris model
indicated that intraparticle diffusion of CR into WDFP could be the rate-determining step. WDFP
can be regenerated and was found to be reusable up to 4 consecutive cycles when using acid as the
desorbing solvent.
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1. Introduction

Combating environment pollution is a matter of urgency
for if left unattended, it will result in adverse effects on
human health and the quality of life. Of the various types of
environmental pollution, wastewater pollution has received
much attention since all life forms depend on water for sur-
vival. Even though there is approximately 70% water on
Earth, yet of these only, less than 3% is made up of fresh
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water. Over the past couple of decades with the industrial
boom and rapid rise in the world’s population, dumping
of wastes have resulted in severe wastewater pollution. For
example, toxic synthetic dyes and their corresponding waste
by-products not only are dangerous when consumed, but
they also result in intense colors in rivers and streams giving
rise to detrimental effects on aquatic life. Their persistent sta-
bility and colors prevent sunlight from penetrating, thereby
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reduce photosynthesis of algae. As a consequence, this
disrupts the food chain and the eco-system.

Various methods have been employed over the years
in an attempt to treat wastewater [1-3]. Adsorption using
low-cost adsorbents has proved to be one of the most suc-
cessful methods in wastewater treatment [4]. The method is
simple, easy, straightforward and at the same time effective
and low cost. Various adsorbents have been tested and they
range from agro wastes [5-7] to industrial wastes [8], syn-
thetic materials [9], modified adsorbents [10-12] and many
others [13-16].

Pitaya, or commonly known as dragon fruits, have
gained popularity over the years, not only as exotic fruits but
also for their health benefits. Originally from tropical and
subtropical America, dragon fruits belong to the Cactaceae
family. Of the various varieties of pitaya, the two most pop-
ular being sold in Brunei Darussalam are the red (Hylocereus
polyrhizus) and white (Hylocereus undatus) species, the latter
being sold at a much cheaper price. The presence of phenolic
compounds, betacyanins, betalains, and others suggests that
dragon fruit peel could be utilized as a potential adsorbent
with functional groups such as OH, C=0, C=C, NH, aiding
in adsorption of adsorbates [17-20]. Further, both the red
and white dragon fruit peel (WDFP) has been reported to
be cytotoxic against PC3, Bcap-37, and MGC-803 cells [21].

To date, there have been some reports on the use of red
dragon fruit (Hylocereus polyrhizus) peel as an adsorbent for
the removal of dyes and heavy metals [22-26]. Surprisingly,
the use of white dragon fruit (Hylocereus undatus) is scarce.
Only two studies on the use of its foliage as an adsorbent to
remove methylene blue [27] and methyl orange dyes have
recently been reported [28]. However, no report on the use of
WDFEFP has been found. Hence, this will be the first study on
the use of WDFP as an adsorbent.

In this study, WDFP will be investigated for its adsorp-
tion characteristics toward Congo red (CR), whose structure
is shown in Fig. 1. Discovered by Paul Bottinger in 1883,
CR is the first direct dye to dye cotton without the use of
a mordant [29]. It is an example of an azo dye and being
brilliant red in color, the dye is used in the textile indus-
try but is highly toxic and has carcinogenic effects [30,31].
One of the uses of CR is in histologic staining and is the dye
of choice for diagnosis of amyloidosis [32]. A recent study
showed that CR exhibits phytotoxicity to Zea mays and

NH,

A\

NaO3S

Fig. 1. Chemical structure of CR dye.

Solanum lycopersicum by retarding their germination [33].
Intravenous injection of CR has resulted in severe collapse
and fatal death in patients [34].

2. Methods
2.1. Sample preparation

White dragon fruits (Hylocereus undatus) were randomly
bought from the local supermarkets in the Brunei-Muara
District of Negara Brunei Darussalam. The WDFP was
separated from its edible flesh, dried at 60°C to a constant
mass and the dried sample was grounded and sieved with
laboratory metal sieve. WDFP with particle sizes <355 pm
were collected and stored in sealed bags until ready to
be used.

2.2. Selected adsorbate in this study

CR dye with molecular formula C,H,N~NaO.S,
(Mr 696.66 g mol™) was selected as the model dye and was
purchased from Sigma and used without further purification.
The Shimadzu UV-1601 PC UV-visible spectrophotometer
(Japan), set at wavelength 500 nm, was used to measure the

absorbance of CR.

2.3. Optimization of parameters

Investigations into the time to reach equilibrium
(04 h), pH effect (4-12) and effect of ionic strength using
NaCl ranging from 0 to 1 mol dm™ were carried out with
WDEFP (0.020 g) in 100 mg L™ CR dye solution (10.0 mL).
The WDFP-CR mixtures were shaken at 250 rpm at room
temperature. Adjustment of pH was done using either
1.0 mol dm= HCI and/or NaOH.

2.4. Batch adsorption studies

All the batch adsorption studies carried out in this
study were done by agitating a mixture of WDFP (0.020 g)
in 10.0 mL of CR dye solution at 250 rpm, keeping the ratio
of adsorbent: adsorbate to 1:500 (weight:volume) unless
otherwise stated. Adsorption isotherm studies were car-
ried out using CR dye concentrations ranging from 0 to
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1,000 mg L, whilst kinetics studies were investigated using
100 mg L CR.

3. Results and discussion

3.1. Determination of the contact time required for
adsorption of CR onto WDFP

The determination of the time required for an adsor-
bate—adsorbent system to attain equilibrium is one of the
important parameters in adsorption studies. As shown in
Fig. 2, adsorption of CR dye onto WDFP required 3 h for
equilibrium to be reached. The rate of adsorption was fastest
at the initial stage owing to the presence of empty vacant
sites on the surface of the adsorbent, allowing CR dyes to be
quickly adsorbed. As more of these sites were being filled,
a decrease in the adsorption process was observed and
gradually giving rise to a plateau indicating an equilibrium
state was reached.

3.2. Effect of initial dye concentration on adsorption by WDFP

The effect of initial CR dye concentration was investi-
gated and the results are depicted in Fig. 3. As the dye con-
centration increased from 0 to 1,000 mg L, the amount of
CR being adsorbed onto WDFP also increased. This behav-
ior, in line with the Fick’s laws of diffusion, is attributed to
the increased driving force resulting from the increased con-
centration gradient which in turn helped to overcome the
mass transfer resistance of CR between the WDFP-aqueous
phases. On the other hand, the % removal of CR decreased
with increasing dye concentration. This is due to the active
binding sites on the surface of WDFP becoming more satu-
rated at high concentrations. At low CR concentrations, the
ratio of active sites to dye molecules is high, thus enabling
more CR to be adsorbed onto the active sites of WDFP.

3.3. Adsorption isotherm of CR dye onto WDFP

Adsorption isotherm provides useful information of an
adsorption process and in this study, five different isotherm
models were employed to analyze the experimental data
for the adsorption of CR onto WDFP, namely the Langmuir
[35], Freundlich [36], Temkin [37], Redlich—Peterson (R-P)
[38] and Sips [39] models. Five error functions, that is, aver-
age relative error (ARE), hybrid fractional error function
(HYBRID), Marquardt’s percent standard deviation (MSPD),
sum of absolute error (EABS), non-linear chi-square test (x?),
were also used to provide further accuracy on the selection of
the best isotherm model, whereby the lower the error values,
the more fitting the model will be. The non-linear equations
of the isotherm models and equations of error functions are
shown below in Table 1.

Based on the R? values in decreasing order is Langmuir
> Temkin > Sips > R-P > Freundlich. However, reports have
shown that in the determination of the best-fit isotherm
model, simply relying on the R? values alone is inadequate.
This can be clearly seen from the error values in Table 2
where even though the Langmuir model gave the highest R?
value, yet its overall error values were also the largest. The
Freundlich model, often used for multilayer adsorption onto
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Fig. 2. Effect of contact time for the adsorption of CR by WDEP.
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Fig. 3. Effect of dye concentration on the percentage removal (¢)
and amount (M) of CR being adsorbed onto WDFP.

a heterogeneous surface, can also be ruled out as it gave the
lowest R* value and second-highest errors. This is further
confirmed from Fig. 4 when the experiment data and the
simulated Langmuir and Freundlich models were compared.
The same holds true for the R-P model, which appeared very
similar and close to the Freundlich model.

In this study, the adsorption of CR onto WDFP seemed
to indicate that of the five models employed, the Temkin
model is the best fit model with good R? and lowest overall
error values. The Temkin model assumes a uniform distri-
bution of binding energies in an adsorption process with a
linear decrease in the heat of adsorption as coverage on the
surface by adsorbate increases. Its positive b,. value is indic-
ative of an endothermic adsorption process. Table 2 also
indicated that the Sips model, with R? > 0.93 and low errors,
could also be a suitable model for the adsorption process.
This model is a combination of the Langmuir and Freundlich
models and is suitable for rough, heterogeneous adsorbent’s
surface. At low adsorbate concentration, it tends toward the
Freundlich model, while at high adsorbate concentration,
the Langmuir model is favored. The maximum adsorption
capacity (g, ) of WDFP for the removal of BG based on the
Sips model is 76.6 mg g™

When compared to other fruit peels, WDFP showed
higher maximum adsorption capacity (g, ) toward CR
dye. Its adsorption ability toward CR is by far more supe-
rior to many reported natural adsorbents, as shown in
Table 3, and evenhigher than that of cetyltrimethylammonium
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Table 1
Equations of the isotherm models and error functions used in
this study

Equations

Isotherm models Error functions

Langmuir ARE
& _ 1 4 CL, @ = qe,meas _qc,calc
7o Kifna  Goax T Gomess |,
Freundlich HYBRID
1 100 & (9Fe,meas ~ Ge cale
log g =—log C +logK — D
8. =7 08 = TIOB NPT Gemens |,
Temkin EABS
q.= RT InK; + BT \in C, 2T meas = e
bT bT i=1 ! ’
Redlich-Peterson MSPD
2
In [KRCe—lj =nInC, +Ina, wo | 1 i Je,meas ~ e cale
qe n— P i=1 q:/meas i
Sips x
2
In [qf j =Linc sk & (9omen ~cnc)
qmax - q/.’ n i=1 qe,meas
Table 2

bromide modified pumice [40] and N,N-dimethyl dehydroa-
bietylamine oxide modified zeolite [41] with g of 27.3 and
69.9 mg g7, respectively. However, synthetic adsorbents
showed much higher g [42-47]. Nevertheless, it must be
emphasized that the WDFP used in this study was not sub-
jected to any treatment, apart from being dried in an oven
at 60°C. Therefore, as a low-cost natural adsorbent, WDFP
is a potentially good candidate given its high g and its
availability. Further, the possibility of enhancing its q__
through modification is viable, as shown by modification
of adsorbents such as pumice [40], guava peel [48], eggshell
membrane [49] and orange peel [50].

3.4. Adsorption kinetics of CR onto WDFP

The investigation into the adsorption kinetics on the
removal of CR by WDFP was carried out using 100 mg L™
dye concentration and the data obtained were then fitted
using two commonly used models, namely the Lagergren
pseudo-first-order [76] and the pseudo-second-order [77].
Although the linear plots of the two models in Figs. 5a and
b both gave high R? > 0.93, error analyses of the two models
using five different error functions showed that of the two
models, the pseudo-second-order, with higher R? close to
unity and overall smaller error values, as shown in Table 4,
is a much better fit. This is further confirmed by the simi-
lar values of both the calculated adsorption capacity (q,_,)
of pseudo-second-order kinetics and experiment adsorption
capacity (4,.,,,)- To further endorse the pseudo-second-order

Results of adsorption of CR dye based on the five isotherm models used in this study

Model Values ARE x> HYBRID EABS MPSD
Langmuir 16.26 0.03 0.15 0.11 23.04
. (mmol g™) 0.085

K, (L mmol™) 0.010

R? 0.9642

Freundlich 11.69 0.02 0.08 0.09 16.31
K, (mmol g™ (L mmol™)"") 0.005

n 2.258

R? 0.8727

Temkin 6.55 0.01 0.05 0.06 10.95
K, (L mmol™) 0.224

b, (k] mol™) 176.704

R? 0.9520

Redlich—Peterson 10.96 0.02 0.08 0.08 15.25
K. (Lg" 0.004

n 0.641

a, (L mmol™) 0.442

R? 0.9132

Sips 10.16 0.01 0.07 0.08 14.73
q,.. (mmol g™) 0.110

K, (L mmol™) 0.025

n 1.481

R? 0.9369
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kinetics, simulation of the data of two kinetics models were
plotted and compared to the experimental data obtained.
Fig. 5¢ clearly shows the close proximity of the pseudo-sec-
ond-order to the experiment kinetics, whilst the Lagergren
pseudo-first-order deviated from it. Hence, it can be

4, (mmol g')

0.00 T T T T
0 200 400 600 800
C.(mgL?)
Fig. 4. Comparison of experiment isotherm data (®) with Lang-
muir ( ), Freundlich ( ), Temkin (: ), R-P ( ), and
Sips ( ) models.
Table 3

concluded that the adsorption of CR onto WDEFP followed
the pseudo-second-order kinetics.

In a solid-liquid such as an adsorbent-dye system, mass
transport diffusion plays an important role. The diffusion
mechanism usually involves several steps such as external
mass transport of adsorbates from liquid phase across the
boundary layer surrounding the adsorbent, adsorption onto
the surface of an adsorbent, diffusion of adsorbates within
the internal structure of the adsorbent through pore or sur-
face. The diffusion mechanism in this study was evaluated
using the Weber and Morris intraparticle diffusion model
[78] and Fig. 6 showed that more than one step may be
involved. The intercept on the y-axis at 0.0003 is very close
to the origin, indicating that intraparticle diffusion could be
the rate-controlling step.

3.5. Effect of pH on the adsorption of CR by WDFP

CR is sometimes used as an indicator as it changes color
in both acidic and alkali conditions. The effect of pH was
limited to the range of pH 4-12, since it was observed that

Maximum adsorption capacity (g, ) of CR dye by various natural adsorbents

Adsorbent 9o (Mg g Reference
White dragon fruit peel 76.6 (Sips) This work
59.3 (Langmuir) This work
Orange peel 22.4 [51]
Banana peel 444 [52]
Citrus limonum (lemon) peel 34.5 [53]
Raphanus sativus L. (Radish) peel 0.5 [54]
Pomelo peel 1.1 [55]
Watermelon rind 24.8 [56]
Guava peel 61.1 [48]
Tamarind fruit shell 10.5 [57]
Natural pumice 3.9 [40]
Peat 10.1 [58]
Red mud 4.5 [59]
Kaolin 54 [60]
Coir pith activated carbon 6.7 [61]
Myrtus communis activated carbon 19.2 [62]
Pomegranate activated carbon 10.0 [62]
Eucalyptus globulus sawdust 5.1 [63]
Pineapple (Ananas comosus) plant stem 12.0 [64]
Eichhornia crassipes roots 1.6 [65]
Ziziphus mauritiana (Jujube) seed 55.6 [66]
Cicer arietinum (Bengal gram) seed husk 41.7 [67]
Sugarcane bagasse 38.2 [68]
Apricot stone 329 [69]
Phoenix dactylifera seeds 61.7 [70]
Cattail root 38.8 [71]
Jute stick powder 35.7 [72]
Raw pine cone 32.7 [73]
Eggshell 69.5 [74]
Tea waste 32.3 [75]
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under acidic condition (pH 2), the color of CR solution was
altered and therefore results obtained would be invalid.
As shown in Fig. 7, when compared to the untreated pH
of CR at pH 5.5, WDFP did not show a large variation in
its adsorption ability toward CR dye over the range of pH
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Fig. 5. (a) Linear plot of pseudo-first-order kinetics model, (b)
linear plot of pseudo-second-order kinetics model, and (c) com-
parison of experiment kinetic data (®) with pseudo-first (o) and
pseudo-second (M) kinetics models.

Table 4

investigated. The maximum and minimum removals were
observed at pH 12 and 10, respectively, with 6% increase and
15% reduction as compared to the untreated pH medium.
At all other pH medium, only slight reduction (between
2%-7%) in the adsorption of CR was observed. This indi-
cates that WDEFP is relatively resilient to the changes in pH.
Such a feature is attractive when applied to wastewater treat-
ment since adsorbents that are not very much affected by pH
could still maintain its adsorption ability and will thus be
favored. Not all adsorbents showed resilience and are able
to effectively removal CR under various pH. For example,
Patel and Vashi [79] reported that Srujana seeds, maize pow-
der, and chitosan showed drastic reduction (>40%) in their
adsorption toward CR at high pH.

3.6. Influence of salt concentration on the adsorption of
CR by WDFP

Generally, depending on what is being disposed into the
waterways, wastewater contains various electrolytes which
may affect the adsorption of adsorbates onto adsorbents.
Hence, an investigation on the effect of ionic strength is

0.035
® L

0.030
~0.025 o
%o e
= 0.020 C
E 0.015 »
= »
=0.010 e

& y=00039x +0.0003
0.005 | o8 R?=0.9553
0.000
0 5 10 15 20

tl/ 2

Fig. 6. Weber and Morris intraparticle diffusion of adsorption of
CR onto WDFP.

Results from the two kinetic models used for the adsorption of CR by WDFP

Model Parameters ARE HYBRID EABS MPSD x>
Lagergren pseudo-first-order 66.16 0.71 0.28 76.12 0.18
k

1 -q,)=1 e

0g(q.~4,) =log(q.)- 553

k, (min™) 0.014

Docal (mmol g™) 0.022

Pseudo-second-order 9.51 0.02 0.03 16.16 0.01
t_ 12 +lt

9. kd, 4.

k, (g mmol™ min™) 1.868

Docal (mmol g™) 0.032

,pe (MmOl g7) 0.034
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Fig. 7. Adsorption of CR onto WDFP in different pH medium.

one of the important factors in adsorption studies. Studies
have shown that some adsorbents are greatly affected by
the presence of ions in solution. Here, NaCl was chosen
as the model salt and its effect on the adsorption of CR by
WDFP was investigated over the range of 0 to 1 mol dm™
salt concentration. Generally, compared to the absence of
NaCl, WDFP showed a greater affinity toward CR dye in
the presence of NaCl, with maximum dye removal of 75%
at 0.1 mol dm™ salt concentration (Fig. 8). At 1.0 mol dm™
NadCl, a slight reduction of 6% was observed. Studies by both
Han et al. [80] and Hu et al. [71] using rice husk and cat-
tail root, respectively, were also in accordance to the above
findings, attributing the increased in removal of CR to the
reduction in repulsive forces between the surface functional
groups on the adsorbent and the CR molecules as a result
of screening effect of electrolytes, thereby leading to stron-
ger electrostatic interactions between CR and the adsorbent.
The ability for WDFP to not only maintain but enhanced
its adsorption toward CR under various ionic strengths is
an attractive feature in terms of utilizing it as a potential
adsorbent in treating wastewater which usually has various
electrolytes present.

3.7. Characterization of WDFP

3.7.1. Functional group determination by Fourier transform
infrared spectroscopy

Fourier transform infrared spectroscopy (FTIR) spec-
trum of WDFP in Fig. 9 shows the presence of various func-
tional groups peaks at 3,488 cm™ (O-H, N-H), 2,876 cm™
(CHO), 1,733 cm™ (C=0), 1,666 cm™ (C=0, C=C), 1,326 cm™
(C-0O, C-N). Upon CR adsorption, shifting of wavelengths
to 3,447; 2,851; 1,728; 1,631 and 1,316 cm™, respectively were
observed, indicating that these functional groups on the
surface of WDFP could be involved in the adsorption of
CR dye.

3.7.2. Scanning electron microscopy for surface
morphology analysis

Scanning electron microscopy (SEM) images (Fig. 10) of
the surface morphology of WDEFP taken at 2,500 magnifica-
tion prior to adsorption showed a highly uneven and rough
surface with many undulating folds across the whole surface.
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Fig. 8. Influence of adsorption of CR onto WDEFP in different
concentrations of NaCl.
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Fig. 9. FTIR spectra of WDFP before (red) and after adsorption
(black) of CR dye.

This creates a bigger surface area for adsorption to take place
and could be the reason why WDFP showed higher adsorp-
tion capacity towards CR dye than many reported natural
adsorbents. There was a notable change in the surface mor-
phology of WDFP after adsorption of CR dye. The rough sur-
face of WDFP being now covered by CR dye molecules has
become very much smoother.

3.7.3. Brunauer—Emmett-Teller of WDFP

Brunauer-Emmett-Teller (BET) (Model: Micromeritics
ASAP™ 2020, USA) analysis of WDFP revealed its sur-
face area, pore size, and pore volume to be 0.0925 m* g7,
0.00100 cm® g™ and 43.24767 nm, respectively. Compared to
many reported adsorbents such as activated carbon synthe-
sized from Pinus roxburghii cone [81] and breadnut peel [82],
WDFP has a much smaller surface area. Upon adsorption of
CR dye, its surface area became negligible and could not be
measured. This is most likely due to the dyes which have
been adsorbed onto the surface of WDFP blocking all the
adsorption sites.

3.7.4. Point of zero charge of WDFP

The determination of point of zero charges (pH,,.) of
an adsorbent is a useful characterization as it provides vital
information on the electrical charge density of the adsorbent’s
surface when it is zero. This allows prediction on the surface
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Fig. 10. SEM images of WDFP before and after adsorption of CR dye at 2,000x magnification.

charge when the adsorbent is in different pH medium. When
pH>pH,,, functional groups on the surface of the adsorbent
could undergo deprotonation, causing the surface to be pre-
dominantly negatively charged. The reverse holds true, that
is when pH < pH,,,, a predominantly positive charged sur-
face could result due to protonation of the surface functional
groups. This, in turn, will have an effect on the adsorption
depending on whether the adsorbate is cationic or anionic in
nature. In this study, pH,,. of WDFP, carried out following
the methods outlined by Lim et al. [83], was found to be at pH
5.02. A slight reduction of CR being adsorbed by WDFP was
observed when pH > pH,,, . (up to pH 10) as shown in Fig. 7.
This could be due to the negative surface charge on WDFP
which hinders the adsorption of anionic CR dye as a result of
repulsive electrostatic forces. However, the adsorption of CR
onto WDFP may be more complex than it seemed.

3.8. Adsorption mechanism of CR onto WDFP

Different moieties may be involved in the adsorption
mechanism of CR dye onto WDFP, giving rise to be a com-
plex adsorption process (Fig. 11). The presence of nega-
tively charged sulfonate (SO;), amino (NH,), naphthalene
and biphenyl azo moieties provide possible interactions
with functional groups present on the surface of WDFP. For

example, the presence of SO; on CR dye can result in attrac-
tion toward H atom on both O-H and N-H [84]. Apart from
the expected H-bonding that can occur between adsorbent-
adsorbate involving functional groups such as N-H, O-H,
SO;, COOH, Mazeau and Wyszomirski [85] has established
that the biphenyl bond between the two symmetric aro-
matic parts of CR can undergo rotation which gives rise to
substantial van der Waals attraction between the two aro-
matic moieties and the adsorbent’s surface Xu et al. [44] also
suggested the possibility of naphthalene in CR interacting
with aromatic rings of adsorbent through stacking.

3.9. Regeneration and reusability of WDFP

In evaluating an adsorbent’s efficiency as a potential
adsorbent to be applied in wastewater treatment, the inves-
tigation of its ability to be regenerated and reused is of vital
importance. From a practical point of view, an adsorbent
that can be regenerated and reused will be more economical
in terms of its cost as well as being more environmentally
friendly. Hence, in this study, spent WDFP was tested for its
ability to be regenerated and reused. Prior to carrying out
regeneration studies, three desorbing solvents (1 mol dm™
HCI, 1 mol dm=? NaOH and water) were tested. Of these,
NaOH and water did not desorb well (data not shown)

Fig. 11. Proposed adsorption mechanism of CR (®) onto WDEP (®).
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Fig. 12. Regeneration study of WDFP showing adsorption of CR
(m) and desorption using 1 M HCI ().

and hence, in this study 1 mol dm= HCI was selected as the
desorbing solvent. Fig. 12 shows the results obtained for the
regeneration study of WDFP. The CR loaded WDFP was
successfully regenerated and reused for up to 4 consecutive
cycles.

Not all adsorbents have been investigated for their
reusability. For those that have been tested, there are some
adsorbents such as Gum Arabic nanohydrogel [86] and argi-
nine modified activated carbon [87] that still exhibit good
adsorption capacity after several cycles, while other adsor-
bents required washing with base for them to be reused [6].

4. Conclusion

The peel of Hylocereus undatus (commonly known as
white dragon fruit), which is inedible and regarded as
waste and of no economic value, was successfully converted
to potential and useful low-cost adsorbent for the removal
of CR dye. This was demonstrated by its good adsorption
capacity of 77 mg g? when compared to many reported
natural adsorbents. Another attractive feature is that when
placed in different pH medium, WDEFP still has the abil-
ity to maintain good adsorption, showing relatively good
resilience to changes in pH. Similarly, when placed in solu-
tions of different ionic strengths, WDFP also performed
well. Adsorption kinetics fitted closely to the pseudo-
second-order model and intraparticle diffusion could be
the rate-controlling step. The above results coupled with it
being an abundant low-cost agriculture waste, indicate that
WDFEFP could well be considered a possible candidate in real-
life wastewater treatment application.
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