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Abstract 

All activities require drinking water. The existence of waste makes water unfit for consumption. Phenol waste is 

one example of waste that is often found. The toxic and corrosive nature of phenol is very dangerous for life, so its 

presence must be considered. The adsorption process was carried out using NiAl and ZnAl layered double hydrox-

ides composites with biochar to eliminate the presence of phenol waste The adsorption process was carried out us-

ing NiAl and ZnAl layered double hydroxydes materials which were composited with biochar to eliminate the pres-

ence of phenol waste. NiAl-Biochar and ZnAl-Biochar composites were successfully prepared, as determined by 

XRD, FTIR, SEM, and BET analyses. NiAl layered double hydroxide surface area grew from 92.683 to 438.942 

m2/g while ZnAl layered double hydroxide surface area increased from 9.621 to 58.461 m2/g. pHpzc of material is 

between 5.1 and 9.4. Optimal pH of NiAl and ZnAl layered double hydroxide is 3, optimum pH of NiAl-Biochar and 

ZnAl-Biochar is 5, and optimum pH of Biochar is 7. All kinetic and isotherm models for all materials were pseudo-

second-order and Freundlich, respectively. NiAl-Biochar and ZnAl-Biochar have maximal adsorption capacities of 

74.62 mg/g and 52.91 mg/g, respectively. The material's reusability indicates that NiAl-Biochar has superior quali-

ties and may be reused for up to five cycles, followed by ZnAl-Biochar, NiAl layered double hydroxide, ZnAl lay-

ered double hydroxide, and Biochar.  
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1. Introduction 

Water is one of the main needs for carrying 

out all human activities. Healthy drinking wa-

ter must meet the chemical, physical, and mi-

crobiological requirements. The presence of 

household waste, industrial waste, and organic 

waste makes drinking water suitable for con-
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sumption very difficult to obtain in big cities [1]. 

Phenol is one of the wastes generated from the 

plastic, paint, pharmaceutical, oil and gas, and 

ceramic industries. In addition, phenol waste is 

also generated through household waste, name-

ly from floor cleaning residue. Because of its 

toxic and corrosive properties, phenol is ex-

tremely hazardous to life [2]. 

There are many ways to remove phenolic 

compounds, including using electrocoagulation, 
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biodegradation, photochemical, Fenton, and ad-

sorption methods [3–5]. However, the adsorp-

tion method is a method that is very commonly 

used because it is easy to operate, low cost, and 

has high efficiency [6]. Various kinds of adsor-

bents are used in phenol adsorption, including 

biochar [7], clay [8], graphite [9], and layered 

double hydroxide [10].  

Layered double hydroxide (LDH) has a 

unique property of flexibility, where the inter-

layer anions can be replaced according to the 

application of the LDH [11]. In addition, LDH 

has a large surface, so it is very useful in ad-

sorption but has poor structural stability, so it 

is easy to peel off during application, which re-

sults in reduced efficiency in reuse in the ad-

sorption process [12,13]. Therefore, it is neces-

sary to add a supporting material in order to 

improve the structure so that it has better ad-

sorption ability. There are many methods that 

can be used to synthesize LDH including ion 

exchange, sol-gel, calcination-hydration, and 

coprecipitation methods [14,15]. However, the 

coprecipitation method is the most widely used 

method because it is simple, low cost and does 

not use high temperatures [16,17]. 

There are various types of carbon-based ma-

terials that can be applied as support materials 

in improving the structure of LDH, namely 

graphite, charcoal, chitosan, and biochar [18–

21]. Biochar (BC) is a material produced from 

the decomposition of organic matter which has 

advantages including being friendly to the en-

vironment, easy to manufacture at low cost, 

abundant availability of raw materials, and has 

a porous structure which is very helpful in the 

adsorption process [22,23].  

Several studies have investigated the use-

fulness of LDH composited with carbon-based 

materials for the adsorption of various types of 

waste. Research conducted by Normah et al. 

[24] improved the structure of the NiAl LDH by 

adding a graphite support material that could 

increase the adsorption capacity from 29.586 to 

72.464 mg/g, and after the composite was per-

formed, the effectiveness of the adsorption pro-

cess was seen. Up to five reusability cycles did 

not experience a significant decrease. In addi-

tion, the addition of supporting materials to im-

prove the structure of LDH can increase the 

surface area. This is evidenced by Mahgoub et 

al. [25] who added cellulose activated carbon to 

the layered double hydroxide material, increas-

ing its surface area from 50.96  to 303.79 m2/g 

which was very helpful in increasing the ad-

sorption capacity. Hoang et al. [26] used ZnAl 

LDH material composited with bagasse biochar 

to remove tetracyclines. The results obtained 

showed an increase in surface area from 404.05 

m2/g in bagasse biochar to 456.39 m2/g in ZnAl-

Biochar bagasse. Another study also used 

LDH/biochar composite materials to remove 

cadmium as was done by Liao et al. [27]. The 

results indicated that the surface area of bio-

char increased from 71.170 m2/g to 384.198 

m2/g, and that its adsorption capacity in-

creased from 44.51 mg/g to 181.53 mg/g. Thus, 

it is required to do additional research on the 

creation of waste-removal materials derived 

from various forms of biochar and LDH. 

In this study, NiAl and ZnAl layered double 

hydroxide materials were composited to Bio-

char from rice husk using co-precipitation 

method and then characterized using XRD, FT-

IR, SEM, and BET. Determination of the ad-

sorption capacity of phenolic compounds on 

various materials was observed by carrying out 

various influences such as pH, time, concentra-

tion and adsorption temperature as well as 

looking at the usability of the material in re-

peated use. 

 

2. Materials and Methods 

2.1 Chemicals and Instrumentation 

In this work, the chemicals used are biochar 

by Bukata Organic Indonesia, hydrogen chlo-

ride (HCl) by Mallinckrodt, sodium carbonate 

(Na2CO3) by Merck, potassium hexacyanofer-

rate(III) (K3[Fe(CN)6]) by Pudak scientific, phe-

nol solution by Sigma Aldrich, 4-

aminoantipyrine (C11H13N3O) by Loba Chemie 

PVT. LTD., pH 10 buffer solution by SMART-

Lab Indonesia, sodium hydroxide (NaOH) by 

Sigma Aldrich. In addition, materials such as 

(nickel nitrate hexahydrate (Ni(NO3)2.6H2O), 

zinc nitrate hexahydrate (Zn(NO3)2.6H2O), and  

a l u m i n u m  n i t r a t e  n o n a h y d r a t e 

(Al(NO3)3.9H2O) by Sigma Aldrich) are utilized 

as precursors in the production of NiAl and 

ZnAl LDH, respectively. The Fourier Trans-

form Infra-Red (FTIR) type Shimadzu Prestige-

21, Biobase BK-UV 1800 PC, an ultraviolet-

visible spectrophotometer with a wavelength of 

510 nm, the Surface Area & Pore Size Analyzer 

(BET) type NOVA 4200e, the SEM type Quan-

ta-650 Oxford, and The X-Ray Diffraction 

(XRD) type Rigaku Miniflex-6000 are support-

ing tools in this study. 

 

2.2 Synthesis of NiAl LDH 

100 mL of Ni(NO3)2.6H2O 0.75 M and 

Al(NO3)3.9H2O 0.25 M solutions each, followed 

by the addition of a mixture of 0.3 M Na2CO3 

100 mL and 50 mL of 2 M NaOH gradually. 
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The pH of the solution was then adjusted to 10 

by adding 2 M NaOH. The resultant mixture 

was swirled continuously for 17 h at 80 °C. 

Furthermore, the samples were rinsed with 

distilled water, filtered and put in an oven with 

a temperature of 100 °C for drying. 

 

2.3 Synthesis of ZnAl LDH 

In a beaker glass, 100 mL of 0.25 M 

Al(NO3)3.9H2O solution and 100 mL of 0.75 M 

Zn(NO3)2.6H2O were added. In addition, 2 M 

NaOH was added to the mixture in order to 

lower its pH to 8. The mixture was swirled for 4 

h at 80 °C. After being treated, the ZnAl LDH 

material was then filtered, washed, and dried. 

 

2.4 Preparation of NiAl-BC 

30 mL of each solution of 0.75 M 

Ni(NO3)2.6H2O and 0.25 M Al(NO3)3.9H2O were 

combined in a beaker, 2 M NaOH was slowly 

added to obtain a pH of 10, and the mixture 

was agitated for 1 h. In addition, 3 g of biochar 

are added to the mixture and mixed for three 

days at 80 °C. Before being heated at 100 °C, 

the precipitate was filtered and rinsed with de-

ionized water. 

 

2.5 Preparation of ZnAl-BC 

30 mL of each of the solutions 0.75 M 

Zn(NO3)2.6H2O and 0.25 M Al(NO3)3.9H2O were 

combined in a beaker. Slowly adding 2 M 

NaOH to the mixture until the pH reached 8 

and stirring for 1 h brought the pH to 8. Addi-

tionally, 3 g of biochar are added to the mix-

ture, which is then agitated at 80°C for 72 h. 

The precipitate obtained was filtered and 

rinsed with distilled water. Furthermore, dry-

ing is carried out by placing it in the oven at a 

temperature of 100°C. 

 

2.6 Performance of pH point zero charge 

(pHpzc) 

This was done by adding 20 mL of 0.1 M 

NaCl solution which had been set to a pH of 2, 

3, 4, 5, 6, 7, 8, 9, 10, and 11. Then 0.02 g of each 

adsorbent was added and stirred for 24 h. Fur-

thermore, pH measurements were carried out 

after the selation stirring process to show the 

presence of no charge in each adsorbent by 

making a graph of the relationship between the 

initial pH and the final pH. 

 

2.7 Adsorption of Phenol 

The effect of pH, time and the effect of con-

centration and temperature were observed dur-

ing the investigation on the phenol adsorption 

process. In addition, also investigated was the 

reusability process. The investigation was car-

ried out by inserting 20 mL of phenol solution 

into a beaker and adding 0.02 g of each adsor-

bent. Variation of pH is done by setting pH 2-

11; contact times used are 0, 5, 10, 20, 30, 40, 

50, 60, 70, 90, 120, 150, 180, and 200 min; the 

effect of concentration and temperature is car-

ried out with concentrations of 15, 20, 25, 30, 

and 35 mg/L (30-70 °C). 

The solution was complexed by combining 1 

mL of phenol solution, 1 mL of pH-10 buffer so-

lution, 0.1 mL each of 8% hexacyanoferrate 

(III) and 2% 4-aminoantipyrine reagent, and 3 

mL of distilled water in a beaker before meas-

uring the absorbance with a UV-VIS spectro-

photometer. After being homogenized, the mix-

ture was let to stand for 15 min. The concen-

tration was then determined by measuring the 

absorbance. 

 

2.8 Desorption and Regeneration of Adsorbent 

on Phenol Adsorption 

Desorption treatment was carried out after 

the adsorption process was complete. At first, 

adsorption was carried out as usual, using 15 

mg/L of phenol solution and adding 0.02 g of 

adsorbent and stirring for up to 2 h. After that, 

the separation between the filtrate and precipi-

tate was carried out. The precipitate is dried 

and a desorption process is carried out using 10 

mL of distilled water which is put into an ul-

trasonic device to release the adsorbate at-

tached to the adsorbent. While the filtrate is 

measured to determine the adsorbed concen-

tration. The regeneration process is carried out 

by doing the same thing for up to five cycles. 

 

3. Results and Discussion 

3.1 Point of Zero Charge (PZC) of the Adsor-

bent Materials 

The PZC value identifies the state of a ma-

terial on the surface that has no charge or is 

zero. A positive charge on the surface is shown 

by a pH value below the PZC, and a negative 

charge is indicated by a pH value above the 

PZC [4]. The PZC chart is shown in Figure 1. 

Based on the PZC values obtained, the PZC 

values in NiAl LDH are pH 8.3, ZnAl LDH at 

pH 5.9, BC at pH 5.1, NiAl-BC at pH 9.4, and 

ZnAl-BC at pH 6.7. This identifies the neutral 

charge of each material. 

 

3.2 Effect of pH 

pH has a major influence on the phenol ad-

sorption process, which can affect the nature 
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and structure of the adsorbate and adsorbent, 

causing differences in adsorption abilities [28]. 

Based on Figure 2, the optimal pH of NiAl LDH 

and ZnAl LDH is 3, the optimal pH of NiAl-BC 

and ZnAl-BC is 5, and the pH at BC is 7. This 

proves that if pH < pHpzc indicates the charge 

on the surface of the adsorbent is positive. Ac-

cording to Alminderej et al. [29], the presence 

of a positive surface on the adsorbent will in-

crease the electrostatic force between the phe-

nolic anions so as to increase the ability of the 

adsorption process. However, when the pH is 

high or alkaline it will cause the adsorbent to 

be negatively charged. Therefore, it can experi-

ence a decrease in adsorption capacity due to 

electrostatic repulsion between the negatively 

charged phenolic anions and the negatively 

charged adsorbent [30]. Furthermore, the opti-

mal pH that has been obtained will be used in 

the adsorption process. 

3.3 Characterization of the Adsorbent Materi-

als 

Figure 3 shows the XRD patterns of NiAl 

LDH, ZnAl LDH, BC, NiAl-BC, and ZnAl-BC. 

NiAl LDH displayed a diffraction peak of 2θ = 

11.74° (003); 23.33° (006); 34.5° (009); and 

60.26° (110), while ZnAl LDH displayed a dif-

fraction peak at 2θ = 11.74° (003); 23.33° (006); 

34.5° (009); 39.26° (015); 60.26° (110); and 

61.17° (113), both of which are characteristic 

peaks of LDH according to JCPDS data no. 38–

0486 [31]. The diffraction peak at an angle of 

2θ = 22.30° (002) is a typical pattern of biochar 

as a material with an amorphous structure. 

This is in accordance with research conducted 

by Prakongkep et al. [32] who performed XRD 

analysis of biochar produced a diffraction peak 

at an angle of 2θ = 22.50° (002). When the NiAl 

and ZnAl LDH were composited on biochar, 

there was a shift of 2θ = 11.74° (003) in a 

smaller direction, namely to 2θ = 10.85° (003). 

This is due to the addition of carbon material 

(biochar) to LDH [33]. In the ZnAl-BC and 

NiAl-BC composite materials there are diffrac-

tion peaks for each constituent material, so 

that it can be ascertained that the NiAl-BC 

and ZnAl-BC composite materials were suc-

cessful. 

The FTIR spectra of NiAl LDH, ZnAl LDH, 

BC, NiAl-BC, and ZnAl-BC are depicted in Fig-

ure 4. The strong absorption band around 1381 

cm−1 implies that nitrate anions are present in 

the LDH interlayer [34]. The large absorption 

band near 3448 cm−1 indicates the presence of -

OH stretching vibrations. Ravuru et al. [35] 

said that the absorption band around 3448 

cm−1 indicates that in the LDH interlayer there 

are O−H vibrations in water molecules. Metal-
Figure 1. PZC of adsorbent materials. 

Figure 2. Effect of pH on adsorption of phenol. Figure 3. X-ray diffractogram of adsorbents. 
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oxide vibrations are indicated by absorption 

bands at wave numbers 748, 601, and 470 cm−1. 

In the BC material, absorption bands at wave 

numbers 2931 and 1049 cm−1 were obtained, re-

spectively indicating CH2 distortion and C−O 

vibrations of polysaccharides. The wave num-

bers 1627, 1386, and 826 cm−1 indicate the 

presence of C=C bonds, C=O, and C−H stretch-

ing vibrations in aromatics. The OH stretching 

vibration is seen in the wave number around 

3440 cm−1 [36]. In the composite material, it 

can be seen that there are additional peaks in 

wave numbers in the 1049 and 2931 cm−1 areas 

which indicate the presence of C−O vibration 

and CH2 distortion originating from BC. This 

shows that the NiAl-BC and ZnAl-BC compo-

sites are successful. 

SEM images of the morphology of NiAl 

LDH, ZnAl LDH, BC, NiAl-BC, and ZnAl-BC 

can be seen in Figure 5. The NiAl-BC and 

ZnAl-BC composites were successfully formed, 

as shown in Figures 5(d) and (e). This is be-

cause the LDH surface of the NiAl-BC and 

ZnAl-BC composite materials is well distribut-

ed by BC particles so as to increase the surface 

area [37]. However, Figure 5(e) demonstrates 

the existence of an uneven plate-like structure 

with various diameters that permits BC to de-

posit on the LDH surface [38]. 

Figure 6 shows the nitrogen adsorption-

desorption isotherms on NiAl LDH, ZnAl LDH, 

BC, NiAl-BC, and ZnAl-BC materials. The re-

sults obtained showed all type IV hysteresis 

loop isotherms. This states that all materials 

have mesoporous characteristics [39]. Accord-

ing to Limau Jadam et al. [40], monolayer ad-

sorption occurs at low partial pressures on the 

type IV nitrogen adsorption-desorption iso-

therm, followed by multilayer adsorption 

growth at high partial pressures. 

Using BET and BJH methods, the surface 

area and pore volume of NiAl LDH, ZnAl LDH, 

BC, NiAl-BC, and ZnAl-BC materials can be Figure 4. Fourier transfer infra-red spectrum of 

adsorbents  

Figure 5. SEM Image of (a) NiAl LDH, (b) ZnAl LDH, (c) BC, (d) NiAl-BC, and ZnAl-BC. 



 

Bulletin of Chemical Reaction Engineering & Catalysis, 18 (3), 2023, 465 

Copyright © 2023, ISSN 1978-2993 

determined [40]. The surface area of NiAl LDH 

material increased from 92.683 to 438.942 m2/g 

as a result of the addition of biochar in NiAl-BC 

composite material. The same phenomenon al-

so occurred in the ZnAl-BC composite material 

whose surface area increased to 58.461 m2/g 

from 9.621 m2/g due to the addition of BC to the 

ZnAl LDH material. This is in accordance with 

research conducted by Liao et al. [27] who expe-

rienced an increase in the surface area of com-

posite materials with previous precursor mate-

rials. Therefore, it can be seen in Table 1 that 

the identification of the success of LDH modifi-

cation with Biochar with increased surface area 

has been successfully carried out. 

 

3.4 Effect of Time and Kinetics study 

Figure 7 depicts an increase in the concen-

tration of phenol adsorbed on NiAl-BC up to 60 

min, after which the concentration tends to re-

main constant. The BC and ZnAl BC materials 

have the ability to last up to 70 min, while the 

ZnAl and NiAl LDH have the ability to last up 

to 90 min. Using pseudo-first order (PFO) and 

pseudo-second order (PSO) kinetic models, it is 

also possible to forecast the adsorption rate 

based on the influence of time. With the the 

minimum kinetic rate (k), correlation coeffi-

cient (R2) approaching 1,  and the similarity be-

tween the predicted and observed Qe values, 

the kinetic model for the adsorption process 

may be determined. Based on the data in Table 

Material Surface Area (m2/g) Pore Size (nm), BJH Pore Volume (cm3/g), BJH 

NiAl LDH 92.683 13.206 0.001 

ZnAl LDH 9.621 12.094 0.017 

BC 50.936 12.089 0.025 

NiAl-BC 438.942 12.301 0.002 

ZnAl-BC 58.461 12.226 0.065 

Table 1. Brunauer Emmet Teller of adsorbents. 

Figure 6. Graph nitrogen adsorption-desorption 

isotherms of adsorbents. Figure 7. Adsorption kinetic model. 

kinetic model parameter 
Adsorbents 

NiAl LDH ZnAl LDH BC NiAl-BC ZnAl-BC 

pseudo first order 

Qeexp (mg/g) 10.113 8.167 10.78 10.555 9.436 

Qecalc (mg/g) 3.459 2.117 4.103 4.102 3.557 

k1 (min−1) 0.026 0.020 0.027 0.025 0.027 

R2 0.892 0.776 0.914 0.911 0.893 

pseudo second order 

Qeexp (mg/g) 10.113 8.167 10.78 10.555 9.436 

Qecalc (mg/g) 10.341 8.453 11.062 10.846 9.653 

k2 (min−1) 0.020 0.017 0.017 0.016 0.020 

R2 0.999 0.999 0.999 0.999 0.999 

Table 2. Kinetic variables models of pseudo-first- and pseudo-second-order. 
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2, it shows that all adsorbents follow the PSO 

kinetics model. According to Li et al. [41], the 

PSO kinetic model indicates that the adsorp-

tion process proceeds in two stages, with the 

first fast phase involving physical adsorption or 

ion exchange on the surface of the adsorbent 

and the succeeding slow phase involving mech-

anisms such as microprecipitation. PSO also 

shows that there are physicochemical interac-

Adsorbent T (°C) 
Langmuir  Freundlich  

Qmax kL R2  n kF R2 

NiAl LDH 

30 32.68 1.000 0.904  3.211 10.61 0.970 

40 45.87 0.089 0.955  2.296 7.85 0.989 

50 41.52 0.086 0.995  3.293 9.36 0.996 

60 31.25 0.539 0.903  4.993 16.61 0.974 

70 31.75 0.734 0.936  5.519 18.52 0.977 

ZnAl LDH 

30 24.81 0.683 0.835  8.190 16.30 0.937 

40 37.17 0.128 0.867  2.675 8,83 0.949 

50 34.48 0.182 0.875  3.315 11.04 0.947 

60 32.15 0,281 0.969  3.986 13.18 0.994 

70 31.35 0.391 0.942  4.521 14.92 0.969 

BC 

30 27.17 0.891 0.686  8.396 18.57 0.791 

40 27.54 1.152 0.831  9.969 19.99 0.909 

50 35.33 0.299 0.939  3.592 13.83 0.965 

60 27.93 2.435 0.886  15,570 23.23 0.973 

70 28.01 4.200 0.959  22.989 24.87 0.979 

NiAl-BC 

30 74.62 0.047 0.933  2.011 7.23 0.977 

40 48.54 0.104 0.968  3.011 10.57 0.992 

50 38.17 0.189 0.987  4.810 13.96 0.998 

60 35.46 0.492 0.995  4.545 17.30 0.999 

70 34.84 0.408 0.981  7.634 17.78 0.995 

ZnAl-BC 

30 34.96 0.195 0.830  2.996 10.65 0.917 

40 52.91 0.078 0.951  2.011 7.28 0.989 

50 31.64 0.382 0.896  4.444 14.85 0.956 

60 32.25 0.457 0.977  4.533 15.87 0.999 

70 32.05 0.606 0.989  5.028 17.47 0.993 

Table 3. Langmuir and Freundlich kinetic models. 

Adsorbent Qmax (mg/g) Reference 

Clay 10.00 [45] 

Fe3O4/chitosan/ZIF-8 6.43 [46] 

Graphene oxide 10.23 [47] 

Lignite 6.22 [48] 

Zeolite 34.5 [49] 

Peanut shells 21.00 [50] 

Chitosan/calcined eggshell 10.13 [51] 

Double-network nanocomposite hydrogel 16.52 [52] 

Zinc Oxide 4.69 [53] 

Rice husk ash  13.98 [54] 

NiAl LDH 45.87 This work 

ZnAl LDH 37.17 This work 

Biochar 35.33 This work 

NiAl-BC 74.62 This work 

ZnAl-BC 52.91 This work 

Table 4. Maximum adsorption capacity of phenol and comparison with other researches. 
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tions going on during the adsorption process 

[42]. 

 

3.5 Effect of Isotherms and Thermodynamic 

Studies 

Langmuir and Freundlich isotherm parame-

ters can be seen in Table 3. Determination of 

isotherm parameters is carried out to deter-

mine whether the adsorption process that oc-

curs is more dominant chemically or physically 

[43]. Based on the data in Table 3, all adsor-

bent materials follow the Freundlich isotherm 

model, where the value of the correlation coeffi-

cient (R2) is closer to one. According to Bud-

nyak et al. [44], the Freundlich isotherm is an 

adsorption process that occurs in multilayers. 

The maximum adsorption capacities of NiAl 

LDH, ZnAl LDH, BC, NiAl-BC, and ZnAl-BC 

were 45.87, 37.17, 35.33, 74.62, and 52.91 mg/g, 

respectively. Based on the data in Table 4, it 

shows the difference in maximum adsorption 

capacity between this study and other studies. 

Table 5 displays adsorption thermodynamic 

parameters such as H, S, and G. Based on 

the data obtained, the value of H is positive, 

which describes endothermic adsorption. The 

enthalpy values (H) of ZnAl LDH and ZnAl-

BC show smaller values than the enthalpy val-

ues of BC, NiAl LDH, and NiAl-BC. The small-

er enthalpy value indicates a better physisorp-

tion adsorption process. A small entropy value 

(S) indicates a small degree of freedom. G is 

negative, ensuring that the adsorption process 

occurs spontaneously. According to [48], a val-

ue of G less than 20 kJ/mol indicates adsorp-

tion that occurs by physisorption. The types of 

bonds that occur in physisorption are hydrogen 

bonds, - interactions, and electrostatic inter-

actions [55,56]. 

 

3.6 Reusability of Adsorbents 

Figure 8 shows the effectiveness of an ad-

sorbent for reuse. The graph obtained showed 

the reusability process up to five cycles, where 

NiAl-BC had the highest adsorption percentage 

with a percentage of 68.10% and experienced 

an insignificant decrease in the fifth cycle, 

from 68.10% to 52.23%. The next highest ad-

sorption percentages were ZnAl-BC, NiAl LDH, 

ZnAl LDH, and BC, which each had adsorption 

percentages of 64.35, 61.73, 57.73, 53.23%. Al-

so, as the number of reusability cycles went up, 

the ability to absorb dropped. In the fifth cycle, 

it dropped by 15.62, 17.50, 14.75, and 24.99%, 

respectively. 

 

3.7 Mechanism of Phenol Adsorption 

The interactions that occur in phenol ad-

sorption can be seen in Figure 9 which shows 

the FT-IR analysis after adsorption. According 

to Haydari et al. [57] the common mechanisms 

that occur in phenol adsorption are electrostat-

ic interactions, hydrogen bond interactions, 

and - electron pair interactions. In Figure 9 

it can be seen that there has been a shift in 

several wavenumbers including the wave-

number 1627 cm−1 which indicates the occur-

rence of - interactions in C=C aromatic bio-

char with phenol aromatic rings. At wave-

number 1049 cm−1 there is a shift indicating an 

electrostatic interaction. The electrostatic in-

teraction is also evidenced by a shift in the 

metal-oxide wavenumber region where the pos-

itive charge on LDH binds to the negative 

charge on the phenol according to pH<pHpzc. 

Adsorbent 
Concentration 

(mg/L) 

∆H 

(kJ/mol) 

∆S 

(kJ/mol) 

∆G (kJ/mol) 

303 K 313 K 323 K 333 K 343 K 

NiAl LDH 30 17.989 0.068 -2.703 -3.386 -4.069 -4.752 -5.435 

ZnAl LDH 30 13.44 0.052 -2.184 -2.700 -3.216 -3.731 -4.247 

BC 30 15.456 0.061 -3.061 -3.672 -4.283 -4.894 -5.505 

NiAl-BC 30 20.467 0.081 -3.942 -4.748 -5.554 -6.359 -7.165 

ZnAl-BC 30 13.676 0.055 -3.005 -3.556 -4.106 -4.657 -5.207 

Table 5. Adsorption thermodynamic parameter. 

Figure 8. Reusability of adsorbent materials. 
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In addition, there is also a hydrogen bond in-

teraction that occurs in phenol adsorption 

which is marked by a shift at wavenumber 

3448 cm−1. The adsorption mechanism that oc-

curs in phenol adsorption can be seen in Figure 

10. 

 

4. Conclusion 

In this study, NiAl LDH and ZnAl LDH 

composites were successfully prepared using 

XRD, FTIR, and BET characterization tech-

niques. NiAl LDH and ZnAl LDH have an opti-

mal pH of 3, NiAl-BC and ZnAl-BC have an op-

timal pH of 5, and biochar has an optimal pH of 

7. The kinetics model was PSO-based, whereas 

the isotherm model was Freundlich-based. NiAl 

LDH, ZnAl LDH, BC, NiAl-BC, and ZnAl-BC 

had maximal adsorption capacities of 45.87, 

37.17, 35.33, 74.62, and 52.91 mg/g, respective-

ly. The recurrent usage of the material demon-

strates that NiAl-BC has a superior ability, 

which is not significantly diminished by the 

fifth cycle. Then ZnAl-BC, NiAl LDH, ZnAl 

LDH, and BC follow. 
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