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ABSTRACT

Desiccated coconut waste (DCW) is an agricultural waste that originates from the coconut milk processing industry. In this study, it was utilized
for the removal of copper (Cu(ll)) and nickel (Ni(Il)) via adsorption process. The physicochemical characterization of the DCW adsorbent shows
that the adsorbent have a surface area of 6.63 m%g, have high elemental carbon content and existences of important functional groups on its
surface. The adsorptive capability of DCW adsorbent in removing the heavy metal were conducted in batch studies. DCW adsorbent performed
highest Ni(II) and Cu(II) adsorption capacity at pH 6, where equilibrium is achieved at 450 minutes. The kinetic analysis showed the adsorption
agreed with pseudo-second order kinetic model, indicating the Cu(ll) and Ni(Il) adsorption were a chemical adsorption, limited by the film
diffusion. The DCW adsorbent still retained its effective adsorption capacity after 2 adsorption-desorption cycles, which is one of the excellent

criteria of a good adsorbent for an adsorption process.
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1. Introduction

In nature, copper Cu(Il) and nickel Ni(Il) are among the heavy
metals that can be found in magmatic rocks, metamorphic rocks,
ocean sediments, and groundwater [1]. These heavy metals are
also found in environments where they are released from various
industrial activities, such as pharmaceutical industry [2], paint
processing industry [3], rubber and leather production industry
[4], battery manufacturing [5, 6], paper industry [7], electroplating
industry [8] and petroleum refinery industry [9]. Exposure to these
heavy metals can cause detrimental problems to human health
and also the environment as these heavy metals are not bio-
degradable and highly persistent [10-12]. Copper exposure can
cause insomnia problem and also Wilson’s disease which damages

the brains and liver [13]. On the other hand, exposure to nickel
cause severe coughing, skin problem or dermatitis, cancer of lung,
bone and noses and also encephalopathy [10, 14, 15].

The maximum permissible limit for Cu(Il) and Ni(lI) limit regu-
lated by the Environmental Protection Agency is approximately
1.3 mg/L and 0.1 mg/L, respectively [16]. High concentration of
these heavy metals in the environment has led to the study and
development of various heavy metal removal techniques, such as
coagulation and flocculation [17], reverse osmosis [18], electro-
chemical treatment [19], ion exchange [20], adsorption [21], ultra-
filtration [22] and chemical precipitation [23]. However, some of
these methods are not suitable because the process can be expensive,
low removal rate of heavy metals and possible production of harmful
transformational byproducts [24].
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Among the removal technologies, adsorption prevails as the
most suitable method to be used in removing heavy metals [25].
Adsorption process is widely employed for this purpose due to
its simplicity and flexibility, relatively low cost as compared to
other methods, no possible production of harmful byproducts, and
high removal and binding capacity with heavy metals [18, 20].
Typically, the application of adsorption process to remove Cu(Il)
and Ni(I) adsorbents, such as activated carbon [26, 27], silica [28],
bentonite [29], and zeolite [30] were used. However, these conven-
tional adsorbents are very expensive and complex to prepare, and
thus a cheaper and more efficient adsorbent alternatives are required
for this process [31].

An adsorbent can be considered cheap depending on the charac-
teristic of the raw materials used, such as abundant availability,
a by-product of another industry, and require only minimal process-
ing before it can be utilized as an adsorbent [32]. Recently, agricul-
tural wastes (AWs) are the potential precursors that have gained
interest in research. Many studies reported that with only minimal
processing methods or treatment processes, AWs can be efficiently
used as precursors of adsorbent in removing heavy metals. In appli-
cations for Cu(Il) and Ni(II) removal, tomato waste [33], sesame
straw [34], rice straw [35] marine algae [36], and pomegranate
peel [37] have been utilized and proven good potential and low-cost
adsorbents.

Besides that, utilization of coconut waste such as coconut pith
[38], coconut shells [39], coconut leaves [40] and coconut fiber
[41] received much attention for the application of heavy metal
removal. However, to the best of the researchers’ knowledge, only
a few studies are available on the utilization of desiccated coconut
waste (DCW) as an adsorbent precursor for heavy metal adsorption.
Therefore, the objectives of this study is to investigate feasibilities
of DCW as adsorbent precursor for removal of Cu(Il) and Ni(II).
In addition, as to evaluate the adsorptive capabilities of the DCW
adsorbent, studies using parameters such as initial solution pH
and contact time were employed. The experimental data obtained
were further analyzed to study the Cu(Il) and Ni(I) adsorption
kinetics as to investigates its rate of heavy metal adsorption as
well as its mechanism.

2. Materials and Methods

2.1. Materials and Chemicals

The desiccated coconut waste (DCW) was obtained from a coconut
milk processing market in Perak, Malaysia. Sodium hydroxide
(NaOH, 99.99%), nitric acid (HNOs, 99.99%), copper nitrate trihy-
drate (Cu(NOs;)..3H,0, 99.50%) and nickel nitrate hexahydrate
(Ni(NOs),.6H,0, 99.50%) were purchased from Merck (Germany).
Distilled water that was used for preparing and diluting all solutions
was obtained from the laboratory water distiller (Divine Pure Water
Drinking System).

2.2. Preparation of Adsorbents

In the coconut milk processing industry, the coconut inner flesh
is grated, and undergoes a moisture extraction process to produce
coconut milk with DCW as the byproduct. The DCW obtained

was washed with distilled water for a few times and sun dried.
Then, it was ground into fine particles (150 um — 250 um), washed
with distilled water, and oven dried. The dried DCW sample was
then stored in a laboratory desiccator before being used in further
experiments.

2.3. Characterization of Adsorbents

Surface area and porosity of the DCW adsorbent were measured
using Surface Area and Porosimetry (SAP) analyzer (Micromeritics
ASAP 2020, USA). Elemental carbon, hydrogen, nitrogen and sulfur
composition of the DCW adsorbent were ascertain by CHNS analyzer
(Elementar Variomicro Cube,UK). Fourier-transform Infrared spec-
troscopy, FTIR (Pelkin Elmer, Spectrum One, USA) were used to
identify existence of functional group on the DCW surface. The
surface morphology of the DCW adsorbent were observed using
the Scanning Electron Microscopy, SEM (Zeiss EVO LS15, Canada).

2.4. General Experimental Methodology

The Cu(Il) and Ni(Il) removal from aqueous phase was conducted
by using monometal batch adsorption process. The desired concen-
trations of Cu(NO;), and Ni(NO;), solutions were prepared by dilut-
ing the stock solution of 1,000 mmol/L. 25 mL of the heavy metal
solution was prepared in a 125 mL Erlenmeyer flask and the pH
was regulated by using HNO; and NaOH as they provide better
control on regulating the pH of the solution. The adsorption process
of the heavy metal ions was instigated by mixing the solution
with 25 mg of DCW adsorbent. Then, the mixture was agitated
on a mechanical agitator of 200 rpm at 25 + 1.0°C. The adsorption
process was carried out for approximately 24 h, which was an
ample time to ensure that adsorption equilibrium was achieved.
The mixture was then filtered by using a filter syringe and the
filtrate was collected and analyzed by using Atomic Absorption
Spectrophotometer (AAS), Shimadzu Model, Japan. The adsorption
capacity, Q (mmol/g) was calculated by using Eqg. (1).

Q=(-¢)(%) (1)

Where, C; and C; are the initial and final heavy metal concen-
trations (mmol/L), respectively, V is the volume of heavy metal
solution (L) and m is the mass of DCW adsorbent used (g). The
experiments were repeated with different parameters: i) effect of
heavy metals solution pH (pH 2 — pH 6), ii) effect of agitation
time (1 min — 1,440 min).

2.5. Regeneration Study

The spent DCW from the experiment was subjected to another
of adsorption-desorption cycle of heavy metal ions. The desorption
of the DCW adsorbent was carried out by oven drying the spent
adsorbent at 80 + 0.5°C for one day, followed with agitating in
a volume of mass-equivalent of 0.1 M HNO; solution. The mixture
was then filtered, and oven dried again at 80 + 0.5°C for another
one day. The desorbed DCW was then subjected to another cycle
of adsorption in Cu(Il) and Ni(Il) solutions for about one day. The
adsorption capacity of the DCW adsorbent was compared to evaluate
the adsorbent regenerative properties.
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Fig. 1. Surface morphology of DCW adsorbent.

3. Results and Discussions

3.1. Characterization of DCW Adsorbent

The DCW adsorbent have a specific surface area of 6.63 m?/g.
The obtained surface area was comparable to a similar adsorbent
utilized in a Hg(II) adsorption study where the recorded specific
surface area was 9.67 m?/g [42]. The SAP analysis shows that the
adsorbent has a pore size of 4.64 nm with pore volume recorded
at 77.03 x 10* cm’g. The elemental composition of the DCW adsorb-
ent are as follows: C (48.33%), H (7.46%), N (1.20 %), S (0.21%)
and O (42.82%). Fig. 1 represented the surface morphology of the
DCW adsorbent at a magnification of x300 and x500. The imaging
shows that the surface of the adsorbent have a smooth appearance
with minimal pore formation that are irregular in shapes and sizes.
The FT-IR spectrum of the DCW adsorbent were represented by
Fig. 2. Generally, the spectrum shows the existence of several main
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Fig. 2. Spectra of DCW adsorbents.

functional groups which represents the content of cellulose, hemi-
cellulose and lignin which are very typically found in coconut
waste materials. The peaks in the wavelength region of 3,500 —
3,300 cm™ and 3,000 — 2,800 cm™ represent the existence of stretch-
ing hydroxyl (O-H) and stretching alkane (C-C) group. The groups
are attributed to the presence of water and hemicellulose on the
adsorbent surface. Peaks in 1,745 cm™ and 1,644 cm™ represented
the stretching of C=0 and stretching of C=C coming from esters
and alkene, respectively. At the peaks of 1,463 cm™ and 1,200
— 1,100 cm™ are assigned to the bending of alkane (C-C) and stretching
of secondary alcohol (C-O).

3.2. Effect of Heavy Metals Initial Solution pH

The pH condition of the solution greatly affected the adsorption
process of Cu(Il) and Ni(Il) by the DCW adsorbent. The solution
pH influenced the DCW adsorbent surface charges and the species
of heavy metal ions in the solution [31, 32]. In this study, the
effect of initial pH of heavy metal ion solutions on the adsorption
capacity of the DCW adsorbent was tested at pH range 2 — 10.
Fig. 3 shows the effect of the initial solution pH towards the adsorp-
tion capacity of DCW adsorbent. The experimental results indicated
that the adsorption capacity of DCW adsorbent in removing Cu(II)
and Ni(Il) increased as the pH of the heavy metal solutions increased.
At pH 2, the adsorption capacity of DCW towards Ni(Il) and Cu(II)
were low, recorded at 0.05 mmol/g and 0.01 mmol/g. This was
because in strong acidic condition, H* ions were dominant in the
solution, resulting in a repulsion between H* ions and the Cu(Il)
or Ni(Il) ions in the solution [43]. The repulsion effect between
the ions resulted in a decrease in probability of the heavy metal
ions to be adsorbed onto the surface of DCW adsorbent, resulting
in lower adsorption capacity with lower pH condition. As the pH
of heavy metal solution increases, the adsorption capacity increases
up until pH 6 where the recorded adsorption capacity towards
Ni(Il) and Cu(Il) are 0.31 mmol/g and 0.154 mmol/g, respectively.
The increase in adsorption capacity is attributed to the decrease
of H* ions in the solution, leading to less repulsion effect, and
higher DCW adsorbent adsorption capacity.
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Fig. 3. Effect of initial solution pH on Cu(ll) and Ni(ll) adsorption.
(Experimental conditions: initial concentration = 0.3 mmol/L,
DCW dosage = 1 mg/mL, contact time = 24 h, temperature
= 25°0)

However, as the solution pH is further increased, adsorption
capacity of DCW adsorbent decreases for both Ni(Il) and Cu(II)
cases. The adsorbent have low adsorption capacity as the Ni(II)
and Cu(Il) existed predominantly as complex hydroxide precipitate,
Ni(OH), [44, 45] and Cu(OH), [46]. In addition, the pHy, of the
DCW adsorbent is 5.44 in which at pH below and above this value,
the adsorbent is negatively and positively charged [42]. Hence,
based on the findings of this study, it can be concluded that the
adsorption of both Cu(Il) and Ni(II) by DCW adsorbent were best
conducted at pH 6. Similar findings were also obtained by studies
conducted on the removal of Pb(II) through adsorption by using
coconut dregs [47] and coconut coir pith [38].

3.3. Effect of Contact Time

In addition, study on the effect of agitation time on the adsorption
capacity of DCW adsorbent in aqueous Cu(Il) and Ni(II) solutions
was conducted over a period of 24 h. Fig. 4 shows that the adsorption
capacity of DCW adsorbent in removing both heavy metals increased
with increase in agitation time. It was also observed that the removal
of Ni(Il) ion was generally higher than that of Cu(Il) ion. The adsorp-
tion rate of Cu(Il) and Ni(Il) ions towards DCW adsorbent increased
rapidly until 60 min, followed by a minimal increase in the adsorp-
tion capacity until 450 min. From the time of 450 min to 1,440
min, the adsorption trend for Cu(Il) and Ni(Il) showed a plateau
trend, which indicated that the adsorption process of both heavy
metal ions had achieved adsorption equilibrium. This result showed
that the adsorption of DCW adsorbent towards Cu(II) and Ni(II)
achieved equilibrium at a period of 450 min (7.5 h). A similar
finding was reported by a study that utilized DCW adsorbent to
remove Hg(I) from its aqueous solution [42].

3.4. Adsorption Kinetic Model Study

To further understand the mechanism involved in the adsorption
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Fig. 4. Effect of contact time on Cu(ll) and Ni(ll) adsorption. (Experimental
condition: initial concentration = 0.3 mmol/L, DCW dosage =
1 mg/mL, solution pH = pH 6, temperature = 25°C)

of Cu(ll) and Ni(II), the obtained experimental data were further
analyzed by using several adsorption kinetic models, namely
pseudo-first order (PFO) model, pseudo-second order (PSO) model
and Elovich kinetic model. The PFO kinetic model assumes that
the adsorption process happens on site that are localized and
absence of interactions between the adsorbed ions [48], which
is a characteristic of the physical adsorption process. The PSO
kinetic model assumes that the adsorption process is a chemical
adsorption process, where the adsorbent has covalently bonded
with the surface of the adsorbent. The Elovich model assumes
that the adsorption process happens on localized sites with the
presence of interaction between the adsorbed ions [48]. Table
1 summarizes the linearized model of the adsorption kinetic
models, their respective parameters and calculated values, where-
as Fig. S1 and Fig. S2 show the fitting of experimental data
with the adsorption kinetic models.

Table 1 shows that the data fitted best into the PSO kinetic
model. In order to justify the finding, the determination coefficient
of the plots (R*) was compared. Table 1 shows that the R* values
for Cu(I) and Ni(Il) adsorption process were nearer to 1 as compared
to the other adsorption kinetic models. On top of that, comparisons
on the obtained experimental adsorption capacity, Qex, Were also
done. The PSO adsorption kinetic model gave closer Qe and Qmeory
values for the Cu(Il) and Ni(Il) adsorption process. In addition,
the fitting of the Cu(Il) and Ni(Il) adsorption experimental data
with pseudo-second order kinetic model is well represented in
Fig. S1 and Fig. S2, respectively. Fitting into the PSO model indicated
that the adsorption process of Cu(Il) and Ni(II) ions into the DCW
adsorbent was a chemical adsorption process, whereby the ions
covalently bonded with the surface of the adsorbent. DCW adsorbent
had heterogeneous adsorption sites where the driving force was
found to be proportional to the available fraction of the DCW active
sites [42]. Therefore, the overall rate of adsorption and desorption
of the active sites must be the same at equilibrium.
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Table 1. The Adsorption Equilibrium and Constants for Adsorption

Kinetic model Linearized equations

PFO In(Q,- Q)= InQ,- kit

PSO STratgt

1 1
Elovich Q== ln(aB)+E Int

LB

3.5. Diffusion Kinetics

Over the period of the adsorption process, the kinetics of the adsorp-
tion process was either controlled by surface reaction process or
diffusion. For diffusion process, there were three main steps in-
volved, which were bulk diffusion, film diffusion, and intraparticle
diffusion [49]. Bulk diffusion is the diffusion from the surrounding
adsorbate solution to the adsorbent surface. Film diffusion is the
diffusion of the adsorbate across the liquid film around the adsorbent
particle [50]. Intraparticle particle is the diffusion of the adsorbate
from the external adsorbent surface to the internal adsorbent surface.
The Weber-Morris plot was used to analyze the diffusion process
and it is depicted by Eq. (2).

Qt = kidto's +c [2]

The adsorption capacity represents i (mmol/g) at given time
t. The kig represents the intraparticle diffusion constant. The
Weber-Morris plot was explained in three steps. In the first step,
the external surface adsorption or instantaneous adsorption took
place. The second step involved the gradual adsorption step, where-
by the intraparticle diffusion was maintained. Lastly, the third
step was the final equilibrium step, where a slower rate of adsorption
occurred. The Weber-Morris plot will determine if the plot passed
through the origin. Therefore, the intraparticle diffusion was the
rate-limiting step of the process and vice versa. Based on Fig. S3(a),
the Weber-Morris plot did not pass through the origin. Therefore,
the intraparticle diffusion was not the rate-limiting step of the
adsorption process. It was observed that there were two-line regions
for Cu(Il) and Ni(II) adsorption. These were indications that there
were more than one diffusion steps involved in the adsorption
of Cu(Il) and Ni(Il). The rate-limiting step was determined by com-
paring the coefficients for film diffusion and effective diffusion,
whereby the lower diffusivity constant was the rate-limiting step.

To determine the film diffusion coefficient, the data were ana-
lyzed by using the Fick’s Law equation, which is given by Eq. (3).

0 D, 05
Q_:z 6(7!R£2) 0 ®)

The data were plotted by using Q/Q. vs. t°5, based on Equation

of Cu(ll) and Ni(ll) onto DCW Adsorbent

Parameters Cu(I) Ni(I)
Qexp (mmol/g) 0.154 0.306
Qtheory (mmol/g) 0.147 0.183

K (min™) 0.010 0.009

R? 1.000 0.930

Qexp (mmol/g) 0.154 0.306
theory (HHnOl/g) 0.161 0.313
K, (mmol/min) 0.129 0.133
R? 1.000 1.000

« (mmol/g.min) 0.012 0.070
£ (g/mmol) 38.700 21.810
R? 0.920 0.890

(3), Q/Q. represent the ratio of adsorbed metal ion at time t to
the amount adsorbed at equilibrium, t represents time and Rp is
the radius of DCW adsorbent, which was 0.015 cm. The plot of
Fick’s Law is represented by Fig. S3(b). The film diffusion constant
(Dy) obtained for Cu(Il) and Ni(II) was 1.872 x 10® cm?*min and
1.160 x 10® cm?min, respectively. In order to calculate the effective
diffusivity constant, D, Boyd plot equation represented by Eg.
(4) and Eq. (5) were used:

Bt = —0.4977 —In(1 — F), F value > 0.85 (4)

2
Bt = (\/_ — |z- (?)) ,F value < 0.85 )

where, F = Q/Q.. The data were plotted by using Bt vs. t, to
determine the value of Deff. The coefficient of effective diffusion
for Cu(Il) and Ni(Il) adsorption was calculated by taking into account
the slope of the Boyd plot, which is represented by Eq. (6).

s = nZ(D;—g) ®)

where, s is the slop of the Boyd plot and R;, is the radius of DCW
particle, which was 0.015 cm. Based on the calculation from the
Boyd’s plot represented by Fig. S4, Det for Cu(Il) adsorption was
1.819 x 10 7 cm*min, while for Ni(II) adsorption was 2.102 x
107 cm*/min.

Table S1 summarizes the values obtained for D; and D based
on the plot that was constructed. In both Cu(Il) and Ni(II) adsorption
process, Dqt value was lower than Dy value. This low coefficient
value shows that film diffusion was the rate limiting step in the
adsorption process of Cu(Il) and Ni(Il) by the DW adsorbent. Film
diffusion is the diffusion steps that governed the movement of
the Cu(Il) and Ni(ll) adsorbate during the adsorption process.

3.6. Regeneration Studies

The spent DCW adsorbent that was used for the adsorption of
Cu(ll) and Ni(I) were subjected to another cycle of adsorp-
tion-desorption. The focal objective of conducting a regeneration
study was to evaluate and determine whether the DCW adsorbent
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mg/mL, solution pH= pH 6, temperature = 25°C)

was feasible to be used for several adsorption process cycles. Fig. 5
shows the adsorption capacity of DCW adsorbent from Cycle 1
- 3 of the adsorption-desorption process. In Cycle 1, the adsorption
capacity of DCW towards Cu(Il) and Ni(II) was 0.050 mmol/g and
0.150 mmol/g, respectively. However, in Cycle 2, the adsorption
capacity of DCW towards Cu(Il) and Ni(Il) decrease to 0.032 mmol/g
and 0.090 mmol/g while in Cycle 3, 0.022 mmol/g and 0.075 mmol/g
for Cu(Il) and Ni(Il), respectively. A decrease trend in the adsorption
capacity of the DCW adsorbent towards both heavy metal ions
was observed. The possible explanation for the reduction of the
adsorption capacity of the DCW adsorbent is that there are possibility
that the heavy metals ions are not fully desorbed during the de-
sorption process. This leads to reduction in pores that are available
for the heavy metal ions to bind in the next cycle of adsorption
process. Another study reported a similar finding where the DCW

adsorbent were able to be regenerated for few cycles of adsorp-
tion-desorption in which the adsorption capacity of the adsorbent
was almost constant [42]. In conclusion, the DCW has excellent
regenerative properties and it is a good raw material that can be
used as a low-cost adsorbent in removing heavy metal ions, such
as Cu(Il) and Ni(IT). However, after the adsorbent have reached
exhaustion, the spent adsorbent can be disposed into the landfill
where it can be biologically degraded or incinerated in a incinerator
which will save landfill spaces.

3.7. Adsorbent Cost Evaluation

Cost of adsorbents has a significant impact on the capital required
for operating heavy metal ions adsorption process.
Commercialized adsorbents, such as activated carbon, zeolite,
and bentonite are widely utilized for adsorption application.
However, these adsorbents are expensive due to the complex
and costly manufacturing processes. In addition, high cost is
also incurred from the utilization of high energy (electricity)
in manufacturing the adsorbent. Currently, the costs of commer-
cially activated carbon, zeolite and bentonite are RM 461.00/kg,
RM 1, 268.00/kg and RM 346.00/kg, respectively [51]. For in-
dustrial applications, the high cost of these commercialized ad-
sorbents can be a financial burden for the corporation as the adsorb-
ents are used in huge quantities.

Therefore, various studies were conducted to identify low-cost
adsorbent alternative for heavy metal ions removal. In this study,
desiccated coconut waste (DCW) was used as the precursor ad-
sorbent for heavy metal ions. The DCW adsorbent is a waste-by-
product originated from the coconut milk processing industry.
This industry is very common in Malaysia as coconut milk is
widely used in cooking among Malaysians. However, DCW has
no significant commercial or industrial value [42], which lead to
the disposal of DCW to the landfill, causing a significant waste
management problem.

DCW that was used in this study was obtained from the local
coconut-milk processing market without charge. Then the DCW

Table 2. List of Agriculture Waste Materials Utilized for Cu(ll) and Ni(ll) Removal

Adsorbent material Heavy metal adsorbate

Pomegranate peel Cu(11)
. Cu(II)
Rice hull Ni(II)
Cu(I)

Sawdust Ni(II)
Mushroom Cu(IN)
Fungus Ni(ID)
.. Cu(II)

Coconut coir pith Ni(ID)
Coconut copra Ni(ID)
Coconut husk Cu(IN)
Ni(ID)

Coconut desiccated meat

Adsorption capacity (mg/g) Reference
1.31 [52]
0.67
0.60 (53]
0.65
0.45 (53]
9.58 [54]
21.49 [55]
2.06 [14]
4.17
3.77 [56]
0.99 [57]
0.31 mmol/g (18.19 mg/g) This study

0.15 mmol/g (9.78 mg/g)
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underwent a simple adsorbent preparation method before it was
utilized in the adsorption study. Based on the employed preparation
method and the result from the regeneration study of the DCW
adsorbent, the adsorbent can be categorized as a low-cost adsorbent.
This is because the adsorbent only needs a simple preparation
method which requires the use of minimal energy (electricity) and
it can be used for several cycles of adsorption process, which are
the criteria of an excellent low-cost adsorbent. The results from
these experiments showed that DCW adsorbent has potential as
a precursor for low-cost adsorbent.

In addition, tabulated in Table 2 are several adsorbent materials
that have been utilized in studies for the adsorbent of Cu(Il) and
Ni(Il) from aqueous solution. The adsorbent materials listed in
Table 2 which include various agriculture waste such as pomegran-
ate peel [52], rice hull [53], sawdust [53], and coconut waste e.g.
coir pith [14], copra [56] and husk [57] were utilized in their raw
form i.e. not subjected to chemical or physical pre-treatment. The
maximum adsorption capacity of DCW adsorbent utilized in this
study were 0.31 mmol/g (18.19 mg/g) for Ni(Il) and 0.154 mmol/g
(9.78 mg/g) for Cu(ll). Through comparisons, DCW performed better
Cu(I) and Ni(I) removal compared to the other listed adsorbent.
This shows that DCW adsorbent not only of cheaper raw materials
but also, it is able to performed high Cu(Il) and Ni(Il) adsorption
compared to other adsorbent reported in literature.

4. Conclusions

The present results showed that the desiccated coconut waste (DCW)
adsorbent was a good adsorbent material in removing Cu(Il) and
Ni(II) from its aqueous solution. The adsorbent characterization
shows that the adsorbent have relatively high surface area (6.63
m%g) and porosity with minimal pore formation which are irregular
in shape and size. The spectrum confirm the existence of functional
groups representing the lignin, cellulose and hemicellulose in the
adsorbent materials. The adsorption capacity of the DCW adsorbent
was found to increase with the increase in pH where the optimum
pH for Cu(Il) and Ni(II) adsorption is pH 6 where the adsorption
by DCW towards Cu(Il) and Ni(Il) reached equilibrium 450 minutes.
The maximum adsorption capacity for Cu(ll) and Ni(Il) was 0.154
mmol/g and 0.306 mmol/g, respectively. The data were fitted into
pseudo-first order, pseudo-second order and Elovich kinetic model
and the analysis perform best fitting into pseudo-second order
kinetic model which indicate the adsorption of Cu(Il) and Ni(II)
is a chemical adsorption process. The DCW adsorbent was proven
to be an excellent adsorbent due to its high adsorption capacity,
good regenerative properties and economical compared to existing
commercialized adsorbent.
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