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Abstract. Coconut-fiber biochar (CCFB) pyrolyzed at different pyrolysis temperatures (400°C,
500°C, and 600°C) that immobilized Zn/Allayered double hydroxides (Zn/Al LDH-CCFB)
composite adsorbent was prepared via a simple co-precipitation technique. The composite
adsorbents were used to reduce the high concentration of Ni(Il) metal ions from aqueous
solution. The morphological analysis was investigated scanning electron microscopy (SEM). A
series of batch adsorption tests was conducted with differentparameters, which coverthe pH of
the solution (3—7), initial concentration of Ni(Il) (10250 mg/L), and contacttime ofthe shaking
time (0.16-8 h). Pseudo-second order kinetic model was well fitted for all of the samples,
compared to pseudo-first order and intraparticle diffusion kinetic models, with the value of R* =
0.9993, 0.9719, 0.9924, and 0.9978 for Zn/A1LDH-0, Zn/AlLDH-CCFB400, Zn/Al1LDH-
CCFB500, and Zn/AlLDH-CCFB600, respectively. Meanwhile, the adsorption process was best
described by the Freundlich model with the value of R? = 0.9311, 0.9987, 0.9843, and 0.9981
for Zn/A1 LDH-0, Zn/A1 LDH-CCFB400, Zn/A1 LDH-CCFB500, and Zn/Al LDH-CCFB600,
respectively. Fromthe adsorption performance test, it was found that the adsorption capacity of
Zn/A1LDH-CCFBS500 that was agitated for4 h at pH 7 was higher compared with other samples,
demonstrating anadsorption capacity ofup to 106.95 mg/g. The adsorption capacity ofall of the
Zn/A1LDH-CCFB had improved, compared to pristine Zn/AlLDH-0. Thus, it is concluded that
Zn/A1LDH-CCFB possesses a great potential for the adsorbent in the removal of pollutants,
especially the hazardous heavy metal ions.

1. Introduction

Due to its carcinogenic and toxic features, the industrial revolution's rush of hazardous waste, which i
constituted of both organic and inorganic effluents, has resulted in a detrimental effect on both the
environment and human health. The effluents consist of high concentration of chromium, cadmium,
nickel, and lead, which are streamed into water bodies as a result of uncontrollable industrialization,
urbanization, and technological advancement [1]. Physiologically, the metal ions can enter the human
body by breathing, eating, water intake, as well as by the adsorption through skin contact. As the
solubility of the metal ions increases, the easier it becomes for organisms to ingest these heavy metal
complexes and display their harmful effects. According to Huang et al., approximately 2%-20% of

Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
BY of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.
Published under licence by IOP Publishing Ltd 1



ICONGEET-2022 IOP Publishing
IOP Conf. Series: Earth and Environmental Science 1216 (2023) 012042 doi:10.1088/1755-1315/1216/1/012042

effluents containing heavy metals are discharged from the electroplating process, thus resulting in a
global issue [2]. Furthermore, the sources of Ni(Il) can be detected from the industrial production of
steel, metal alloys, electrical, as well as welding electrolysis [3]. The result of high exposure was
mentioned via urinary test from workers in the electroplating sector, which had a Ni(II) content of 1.74
to 22.73 pug L' [4]. Thus, environmental protection agencies have recently set regulations on the
discharge of electroplating effluent.

Excessive exposure towards nickel can cause several severe human diseases, including respiratory
failure, lung cancer, low blood pressure, dermatitis, and renal edema [5]. Additionally, due to the
allergenic risk of nickel Ni(Il), nickel baths in the plated jewelry business have been deactivated,
mandating final disposal [2]. According to the Environmental Protection Agency (EPA), the Maximum
Contaminant Level (MCL) for Ni(II) has been set at 0.1 ppm. Due to its carcinogenic properties, heavy
metals remediation of contaminated water is made compulsory. In recent years, several technologies
have been used on the contaminated water, including membrane filtration, coagulation-flocculation, ion
exchange as well as adsorption. Nevertheless, the majority of these methods have limitations, such as
high expenses and low efficiency.

A positively charged lamellar plate made up of divalent and trivalent metal ions interacts with non-
framework interlayer anions coupled by non-covalent bonds to generate layered double hydroxides
(LDH), an inorganic substance. LDHhas the generic formula [M?*M3* ((OH)>]¥"(A™)wn] nH20, where
M2+ stands for divalent ions, M3* for trivalent ions, and An- for an anion interlayer with n valence.
Multiple metals on the periodic table can interchange the ions of M3* and M?*. Having chemical and
thermal stability as well as the ability to change the properties of the LDH in different ways, the structure
of the LDH in the presence of hydroxyl groups can promote the deposition of heavy metal ions. This
makes it important in the application of contaminant removal, especially for heavy metals. The
absorption of heavy metals including Pb?*, Ni?*, and Zn** (92%-100%), Mn (46%-98%), and Cd (33-
40%) was shown to be accelerated by LDHs having a certain crystalline structure. However, one of the
disadvantages of the LDH is the high agglomeration rate, which limits their ability in heavy metal
removal due to the reduced active sites. Recently, research has highlighted that the biochar can
effectively reduce the agglomeration of LDH layers. Modification of LDH with the addition of biochar
is believed to be able to inhibit the aggregation of LDH, thus lowering the limitation of LDH. Biochar
is one type of adsorbent that has been mentioned as a carbon-rich material with a variability of physical
and chemical properties that can be obtained by pyrolysis of biomass [6]. The type of biomass and
pyrolysis temperature influence the performance level, especially in the adsorption capacity of heavy
metals.

The application of biochar-Zn/Al LDH was previously studied for the removal of methylene blue
phosphorus, chromium, and benzotriazole. The use of Zn/Al LDH modified with nitrilotriacetate as an
adsorbent for the removal of Ni(II) was also previously researched [7]. However, the removal was low,
with 7.153 mg/g of adsorption removal. The application of Zn/Al incorporated with biochar was very
limited, especially in the removal of cationic metal ions. Thus, in this work, the authors synthesized a
novel composite Zn/Al LDH with different pyrolyzed temperatures of coconut-fiber biochar by a simple
co-precipitation technique. The performance of Ni(Il) adsorption of pristine Zn/Al LDH was compared
with different pyrolyzed biochars in batch adsorption study with the variation of different parameters,
including pH of the solution, initial concentration of Ni(II), as well as the contact time. Three different
kinetic models and two adsorption isotherm model were also described in this work.

2. Methods

2.1. Preparation of coconut fiber biochar (CCFB)

Firstly, 20 g of dried CCF were placed in the ceramic crucible and pyrolyzed under nitrogen, N2 gas
flow with the constant gas flow rate of 200 mL/min. Then, N2 gas was flown for 30 minutes to remove
the residual air before reaction. The CCF was pyrolyzed at different pyrolysis temperatures of 400°C,
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500°C, and 600°C for 2 h, with the heating rate was fixed at 10°C/min. The pyrolyzed samples were
stored in airtight container and labeled as CCFB-400, CCFB-500, and CCFB-600.

2.2. Preparation of Zn/Al LDH

With a pH of 11, basic conditions were used to prepare the Zn/Al The first step was to add 0.1 M of Al
(NO3)3-9H0 t0 0.2 M of Zn (NOs3),-6H,0. The mixture was stirred at a constant speed of 300 rpm
for a predetermined amount of time at room temperature. 2 M of NaOH was added to the mixture to
change the pH. To create white slurry solid solids, the reaction was agitated for 24 hours at 80°C. The
slurry was repeatedly centrifuged at 5000 rpm after 24 hours. Theresulting white precipitation solid was
dried at 100°C after being rinsed with distilled water until the pH was neutral. Zn/Al LDH-0 was given
to the pure Zn/Al LDH.

2.3. Preparation of CCFB-Zn/Al LDH composites

The composites of CCFB-Zn/Al LDH were prepared via simple co-precipitation method. First, Al
(NO3)3°9H,O was mixed with Zn (NO3)2-6H,O with molar ration of 0.1:0.2 M in 100 mL of distilled
water (solution A). The solution was stirred for 1 h under a constant rate of 200 rpm. After 1 h, 0.5 g of
CCFB-400 was added into solution A. The solution was agitated for a while until a homogeneous
suspension is reached. The reaction mixture was precipitated at pH 10 with the addition of 1 M of NaOH.
The slurry solution was stirred for 24 h at 65°C to form the CCFB500-Zn/Al LDH composites. The
composites were filtered, washed until neutrality was achieved, and dried for 24 h at 80°C. The same
methods applied for Zn/Al LDH-CCFB500 and Zn/Al LDH-CCFB600.

2.4 Adsorption Study of CCFB-Zn/Al LDH onto Nickel(ll)

Four distinct samples—Zn/Al LDH-CCFB400, Zn/Al LDH-CCFB500, and Zn/Al LDH-CCFB600 as
well as pure Zn/Al LDH-0 as the reference sample were used to investigate the removal of Ni(II). The
pH of'the solution, the initial concentration of Ni(II), and the adsorption period were the three adsorption
parameters that were evaluated in this adsorption investigation. Initially, 4.95 gof Ni(NO3),.6H,O was
dissolved in 1 L of distilled water to provide 1000 mg/L of Ni(II) stock solution. From 10 mg/L to 250
mg/L of the stock solution was diluted to achieve the desired concentration. The effect of the pH was
varied from pH 3 to 8. NaOH and HCI in the concentrations of 0.1 M each were used to alter the pH of
the solution. Ni(Il) was started off at a fixed concentration of 50 mg/L. To choose the ideal pH, the
solution was stirred for two hours with a fixed quantity of 0.05 g £ 0.002 g adsorbent. Time intervals of
up to 8 hours were used to evaluate the effects of the contact time and kinetic adsorption study on the
adsorption of Ni(II) onto the samples. Ni(IT) was added to the solution at a set initial concentration of
50 mg/L, with 0.05 £ 0.002 g of each sample. The ideal pH was changed to 7.0 + 0.20. At room
temperature (25°C & 2°C), the kinetic solution was shaken on an orbital shaker at a constant speed of
200 rpm. Following the adsorption test, 0.45 m hydrophilic PTFE syringe filters (Millex, Germany)
were used to filter all of the samples. Atomic adsorption spectroscopy (AAS) was used to detect the
final concentration of Ni(II). Using the formula (Eqn.1), the adsorption capacity of Ni(Il) was
determined.

qe:(VX Co‘Ce)/m (Eqn 1)

where Cy (mg/L), C. (mg/L), V, and m (g) were represented the initial concentration of Ni(Il), final
concentration of Ni(I), volume of the Ni(II) solution (0.05L) and mass of the adsorbent, respectively.
Adsorption isotherms of Ni(Il) were investigated by using a series of Ni(II)-containing solution in the
concentration range of 10 mg/L to 250 mg/L. The parameters of Zn/Al LDH-CCFB400, Zn/Al LDH-
CCFB500, Zn/Al LDH-CCFB600 and pristine Zn/Al LDH-0 were fixed at pH 7. The contact time of
Zn/Al LDH-CCFB400, Zn/Al LDH-CCFB500 and Zn/Al LDH-CCFB600 was constant for4 h and 6 h
for Zn/Al LDH-0. To study the adsorption behaviors of the adsorbents, two types of models were
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applied: Langmuir and Freundlich models. Meanwhile, the kinetic adsorption study was applied for
three types of models, which are pseudo-first order, pseudo-second order, and intraparticle diffusion.

3. Results and Discussion

3.1. Characterization

The SEM was executed to observe the morphology of the Zn/Al LDH-CCFB400, Zn/Al LDH-
CCFB500, Zn/Al LDH-CCFB600, and pristine Zn/Al LDH-0, visualized as portrayed in Figure 1. From
the Figure 3.1(a) shows, it can be seen the shape of characteristic lamellar structure of Zn/Al LDH.
Meanwhile, the SEM images for Zn/Al LDH-CCFB400, Zn/Al LDH-CCFB500, and Zn/Al LDH-
CCFB600 in Figure 1 (b—d) shows the irregular surface with the addition of Zn/Al particles. The
surfaces of the Zn/Al LDH-CCFB500 shows a denser sheet structure with wrinkled a surface, compared
with pristine Zn/Al LDH-0 that will provide has more adsorption sites for Ni(Il) ions. This tallies with
the adsorption performance of the Ni(II) onto Zn/Al LDH-CCFB500, which is higher compared to the
other adsorbents. The same observation of morphology was also previously reported previously by other
researchers [8].

¥,
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Figure 1. Morphology of (a) pristine Zn/Al LDH-0, (b) Zn/Al LDH-CCFBA400, (c) Zn/Al LDH-
CCFB500 and (c¢) Zn/Al LDH-CCFB600

3.2. Effect of pH of the solution

Generally, heavy metal adsorption is highly dependent on various parameters that affect both the
adsorbent and the state of the adsorbate. One of the main parameters that controls the adsorption is the
pH of the solution because the pH will influence the surface charge and stability of different species of
heavy metals in an aqueous solution. Specifically, Ni(IT) dissociates in water in four main species, which
are Ni2*, Ni(OH)*, Ni(OH)3, Ni(OH)*, and Ni(OH)2(). In this study, to avoid the existence of other
Ni(IT) species, such as Ni(OH)*, Ni(OH)~3, Ni(OH)", and Ni(OH)2(), except Ni?*, the pH of the solution
was maintained in the range of pH 3 to 7. As observed during the experimental, the formation of nickel
hydroxide occurred at pH 8, thus, the pH of the solution was limited to pH 7. The adsorption capacity
for each sample is presented in Figure 2(a), revealing that the amount of adsorbed Ni(Il) onto Zn/Al
LDH-CCFB400, Zn/Al LDH-CCFB500, Zn/Al LDH-CCFB600, and pristine Zn/Al LDH-0 depends on
the pH in the following trends: i) under acidic conditions, the adsorption is suppressed; and ii) adsorption
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capacity for all of the samples increases up to pH 7. At pH 7, the sample of Zn/Al LDH-CCFB500
reached the highest adsorption capacity at 31.01 mg/g, followed by Zn/Al LDH-CCFB600 at 26.95
mg/g, 24.88 mg/g for Zn/Al LDH-CCFB400, and 20.62 mg/g for pristine Zn/Al LDH-0. The cation
exchange mechanism between H+ and Ni(Il) ions, which results in the Ni(Il) adsorption, is made
possible by the positively charged surface of the adsorbents. Next, the Ni(Il) ion is attracted
electrostatically to the active sites at the surface of the adsorbents. [9]. The pH-dependent adsorption
characteristic of Zn/Al adsorbents makes it resemble a weakly acidic cation exchanger. Such exchangers
are very poorly ionized in their acid form, and the degree of their dissociation increases with increasing
pH.
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Figure 2. Effect of pH (a), contact time (b) and (c) itial concentration of Ni(II) onto Zn/Al LDH
adsorbents.

3.3. Adsorption of kinetics and isotherms

Figure 2(b) represents a rapid 50 mg/L of Ni(II) adsorption kinetics within the first 0.16 h for all of the
samples. In the first 0.16 h, the adsorption for all of the samples reached more than 20.0 mg/g. This
behavior might be due to the high availability of the number of active sites on the adsorbents at the
beginning of the adsorption. As the time increased up to 4 h, the adsorption for Zn/Al LDH-CCFB400,
Zn/Al LDH-CCFB500, and Zn/Al LDH-CCFB600 reached the equilibrium with the adsorption capacity
0f24.98, 31.70, and 26.84 mg/g, respectively. Meanwhile, pristine Zn/Al LDH-0 reached equilibrium
at 6 h (20.67 mg/g). After these sites are occupied and the adsorption approaches equilibrium, the
reaction rate is considerably reduced because of the decreased bare surface/active site fraction and
subsequent competition of Ni(II) for adsorption sites. Three kinetic models; pseudo-first order, pseudo-
second order, and intra-particle diffusion were used to analyze the adsorbents' kinetic performance.
Based on the calculated kinetic and statistical parameters summarized in Table 1, the gecal value is close
to the geexp for all samples.

This proved that the adsorption process was chemically controlled, with potential ion sharing or
exchange between Ni(Il) and the adsorbents. The uptake of the Ni(II) ions onto Zn/Al LDH-CCFB400,
Zn/Al LDH-CCFB500, Zn/Al LDH-CCFB600, and pristine Zn/Al LDH-0 follows pseudo-second order
in all cases. The correlation value of R? for pseudo-second order was between 0.9719 and 0.9993,
compared with 0.2831 and 0.5149 for pseudo-first order, and 0.3237 and 0.4309 for intraparticle
diffusion model. Based on the R? values, all of the samples were well fitted to pseudo-second order
model kinetic, with the R? value 0£0.9719, 0.9924, 0.9978,and 0.9993 for Zn/Al LDH-CCFB400, Zn/Al
LDH-CCFB500, Zn/Al LDH-CCFB600, and pristine Zn/Al LDH-0, respectively. This proves that there
were chemical interaction between the Ni(II) and adsorbents on the external surface. Pseudo-second
order also indicates the involvement of chemical adsorption, where the targeted adsorbate undergoes a
covalent chemical reaction to bind to certain active sites on the adsorbents. The same kinetic order was
also reported for the removal of Ni(Il) onto Zn/Al-based adsorbents [10]. Additionally, the pseudo-
second order model specified that an increase in the initial concentration of Ni(II) and temperature of
the adsorption system results in increased values of k» and qe.
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3.4. Effect of initial concentration and the adsorption isotherms study

The strength of the driving force for metal ions absorption to the surface of the adsorbents depends on
the initial concentration of Ni(I) in the solution[11]. The effect of Ni(Il) adsorption vs adsorption
capacity is depicted for all samples in the graph in Figure 2(c). For a total of 4 hours of contact time, the
adsorption was carried out at a fixed pH of 7. The initial Ni(II) concentration ranged from 10 mg/L to
250 mg/L, and as the initial Ni(II) concentration increased, so did the adsorption capacity. All of the
samples showed fast adsorption performance from 10 mg/L to 180 mg/L, which kept increasing up to
250 mg/L. The highest adsorption capacity was obtained from Zn/Al LDH-CCFB500 at 106.95 mg/g
and 250 mg/L, followed by Zn/Al LDH-CCFB600 at 98.62 mg/g, Zn/Al LDH-CCFB400 at 95.35 mg/g,
and Zn/Al LDH-0 at 84.70 mg/g. It has been proposed that the increase in the adsorption capacity of the
adsorbent toward Ni(II) relative to the rise in initial Ni(Il) concentration depends on the amount of
readily accessible Ni(Il) in the solution. The concentration gradient that causes the absorption of the
metal onto the adsorbent grows as there is more easily available Ni(Il) in the solution. As a result, the
adsorption process is enhanced, resulting in high Ni(II) adsorption capacity [ 12]. Other Ni(IT) adsorption
removal studies employing various materials, such as Ca/AILDH [13] and Zn/Al LDH nitrilotriacetate,
revealed a similar tendency [7].

The adsorption isotherms were applied to study the adsorption behavior of Ni(II) adsorbed by fixed
mass of adsorbents. There were two common models which are monolayer adsorption developed by
Langmuir model and multilayer adsorption by Freundlich model. The Langmuir isotherm model
occurred based on the monolayer adsorption coverage of adsorbate on the surface of adsorbents. This
model concludes that the adsorbate cannot freely move across the surface or interact with each other.
The data for the adsorption isotherms analysis are demonstrated in Table 2. Since the value of
the correlation coefficient, R2, for all samples for the Freundlich model was near toR? = 1, as compared
to the R? from the Langmuir isotherm model, the results showed that the adsorption of Ni(IT) onto all of
the samples were best matched to the Freundlich model. Therefore, multilayer adsorption can be
believed to have taken place when Ni(Il) was adsorbed onto Zn/Al LDH-0, Zn/Al LDH-CCFB400,
Zn/Al LDH-CCFB500, and Zn/Al LDH-CCFB600. Additionally, it is crucial to emphasize that the 1/n
value, a dimensionless equilibrium parameter within the range of 0 <1/n < 1, demonstrates the existence
of adsorption favorability. The removal of Ni(II) by using LDH is quite limited; however, the authors
have listed out several different adsorbents that have been used for the removal of Ni(Il) in aqueous
solutions. Based on the data in Table 3, the divalent-trivalent of LDH, such as Ca/Al LDH [13] and
Zn/Al LDH incorporated with nitrilotriacetate, have been used as adsorbents for Ni(Il), with the
adsorption capacity of Ni(II) reaching 7.0 mmol/g and 7.1530 mg/g, respectively. Comparisons showed
that the Zn/Al LDH immobilized with coconut-fiber biochar produced in this work demonstrated
comparable adsorption capacity among the others. This shows that the incorporation of the biochar can
improve the adsorption ability of pristine Zn/Al LDH.

Table 1. Fitted parameters summary of adsorption kinetics

samples Qeexp (mg/g)  Pseudo-first order Pseudo-second order Intraparticle diffusion
ZN/AL LDH-0 20.67 Qe,cal - 0.018 mg/g Qe,cal : 18.65 mg/g kid (mg/g.min) : 0.3011
ki :2.210 min™! k2:0.876 R?:0.3237
R%:0.2831 R?:0.9993
ZN/AL LDH- 24.98 Qe,cal : 5.29 mg/g Qe,cal : 23.59 mg/g kid (mg/g.min) : 0.2614
CCFB400 ki :0.59 min-! k2:0.072 min-! R?:0.4309
R?:0.5149 R?:0.9719
ZN/AL LDH- 31.70 Qe,cal : 5.95 mg/g Qe,cal : 32.36 mg/g kid (mg/g.min) : 0.0064
CCFB500 ki :1.244 min! k2:0.145 min"! R?:0.0037
R%:0.8259 R%:0.9924
ZN/AL LDH- 26.84 Qe,cal = 0.46 mg/g Qe,cal :26.17 mg/g kia (mg/g.min) : 0.0758
CCFB600 k1 :0.078 min-! k2 :2.43 min"! R?:0.4187
R%:0.0038 R2:0.9978
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Table 2. Summary of the adsorption isotherms study for Langmuir and Freundlich models

Samples Langmuir Freundlich
Zn/A1LDH-0 Intercept: 0.0091 Intercept: 0.192
Slope: 2.0263 Slope: 0.985
Ky : 0.0044 1/n :0.985
Re : 0.9570 Kr : 1.5559
R? :0.8951 R?:0.9311
Zn/AlLDH- Intercept: 0.0067 Intercept: 0.2738
CCFB400 Slope: 1.168 Slope: 0.7926
Kt :0.0058 1/n :0.7926
Re : 0.9450 Kr : 1.8745
R?:0.9958 R? :0.9987
Zn/Al1LDH- Intercept: 0.0095 Intercept: 0.0817
CCFB500 Slope: 1.815 Slope: 0.8925
Kt : 0.005 1/n :0.8925
Ry : 0.9502 Kr : 1.2069
R?: 0.8789 R?:0.9843
Zn/AlLDH- Intercept: 0.0031 Intercept: 0.0777
CCFB600 Slope: 1.3597 Slope: 0.8902
K : 0.0022 1/n :0.8902
Re : 0.9777 Kr : 1.1959
R?:0.9933 R? : 0.9981

Table 3 : Adsorption capacity (mg/g) of several adsorbents for the removal of Ni (II)

Adsorbent Heavy metal ions Adsorption capacity References
Zn-Al LDH-nitrilotriacetate Ni (1) 7.1530 mg/g [7]
Walnut shell biochar Ni(I) 8.7928 mg/g [14]
Eichhornia crassipes Ni(II) 0.4858 mg/g [10]
biochar
Ca/A1LDH Ni(I) 7.0 mmol/g [13]
Zn/A1LDH-0 Ni(II) 84.70 mg/g This work
Zn/A1LDH CCFB400 Ni(Il) 95.35 mg/g This work
Zn/A1 LDH-CCFB500 Ni(I) 106.95 mg/g This work
Zn/A1 LDH-CCFB600 Ni(Il) 98.62 mg/g This work

4. Conclusion

In conclusion, a simple co-precipitation approach was successfully used to create the composite
adsorbents Zn/Al LDH-based combined with coconut-fiber biochar. The coconut-fiber biochar may
effectively minimise the Zn/Al particle aggregation because it has a higher adsorption capacity than pure
Zn/Al LDH-0. This has improved the agglomeration behaviour of the Zn/Al LDH that was originally
reducing its active sites. Compared to pure Zn/Al LDH-0, the adsorption capacity for Zn/Al LDH-
CCFB500 was 106.95 mg/g. The sequences Zn/Al LDH-CCFB500 > Zn/Al LDH-CCFB600 > Zn/Al
LDH-CCFB400 > Zn/Al LDH-0 showed the tendency for the adsorption of Ni(II) onto Zn/Al LDH-
biochar. The optimal conditions for Zn/Al LDH-CCFB400, Zn/Al LDH-CCFB500, and Zn/Al LDH-
CCFB600 to adsorb Ni(II) occurred at pH 7 within 4 hours and 6 hours for Zn/Al LDH-0. The adsorption
and kinetic analyses through the use of appropriate adsorption isotherm and kinetic model show that the
Ni(IT) adsorption follows Freundlich and pseudo-second order kinetic models. This indicates a
multilayer chemisorption process, with film diffusion acting as the main rate-limiting phase.
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