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Abstract 

Composite M2+/Al-BC (Ca/Al-BC, Cu/Al-BC, and Ni/Al-BC) have been successfully synthesized. Composite and 

pristine materials were used as adsorbents of cadmium(II) [Cd(II)] in an aqueous solution. Firstly the performance 

of composite and pristine materials was evaluated by reusability properties until five cycles adsorption process fol-

lowed with a determination of isotherms and adsorption thermodynamic properties. The results show composite 

has ten-fold surface area properties than starting materials. The adsorption capacities of CaAl-BC, CuAl-BC, and 

NiAl-BC at a temperature of 333 K were 156.250 mg/g, 149.254 mg/g, and 208.333 mg/g, respectively. 
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1. Introduction 

The development of materials for various 

applications such as adsorption and catalysis 

have been conducted until this decade to solve 

environmental problems such as pollution and 

energy resources [1]. In the field of 

environmental area, the development of 

materials is especially to solve and use the 

materials as adsorbents for pollutants, such as 

heavy metals in the aquatic system and 

wastewater [2]. Heavy metals, such as 

cadmium, cause bioaccumulation in the food 

chain thus, the concentration of cadmium in the 
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human body is higher than in fish and other 

animals [3]. Treatment to decrease and remove 

heavy metal ions in an aqueous solution is an 

excellent challenge for environmentalists, 

chemists, and other researchers. Various 

organic materials, such as algae, lignin, 

chitosan, chitin, cellulose, and inorganic 

materials, such as activated carbon, bentonite, 

layered double hydroxide, clay, montmorillonite, 

zeolite, have been used as adsorbents [4–10]. 

Layered double hydroxide (LDH) has the 

g e n e r a l  f o r m u l a 

[M2+1−xM3+x(OH)2]x+(An−)x/n].nH2O, M is the 

divalent and trivalent metal, An− is the anion 

present in the interlayer with valence n [11]. 

Divalent and trivalent ions can be selected from 
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various elements on the periodic table ranging 

from the main group to the transition group. 

The anions in the interlayer space can be 

exchanged depending on the LDH application 

[12−15]. In addition, LDH can be modified by 

impregnation and intercalation using 

supporting materials [13−15]. Adsorption 

process of Ag+ ions at pH 5.9 using MoS4-LDH 

has adsorption capacity of 8.2 mg/g [16]. Bin 

Ou et al. [17] confirmed that Cr(VI) can be re-

moved using CoFe LDH with adsorption capac-

ity of 33.5 mg/g. Pb(II), Cd(II), and Cu(II) can 

be removed using Mg/Al LDH with adsorption 

capacities of 6.128 mg/g, 5.255 mg/g, and 4.944 

mg/g, respectively [18]. The adsorption process 

of Ar(II) and Hg(II) using MgFe LDH obtained 

an adsorption capacity of 56 mg/g and 24.8 

mg/g [19]. 

The modification of LDH by intercalation 

using high anions, such as polyoxometalate or 

organic anions, has been conducted by many 

researchers. Carriaazo et al. [20] reported MgAl 

LDH was intercalated using [H2W12O40]6− to 

form pillared compounds with polyoxometalate. 

ZnCr/[-SiW12O40]4− in the process of removing 

metal ions from water had a higher adsorption 

capacity than ZnCr LDH, namely 76.9 mg/g 

and 45.4 mg/g [21]. CaAl LDH and CaAl LDH 

which are intercalated by the keggin ion [α-

SiW12O40]4− can be used as adsorbents such as 

the research conducted by Taher et al. [22]. 

Cd(II) and Fe(II) metals can be removed using 

the adsorption method with adsorption 

capacity of 11.93 mg/g for Fe(II) and 12.578 

mg/g for Cd(II) when using Keggin ion 

intercalated CaAl adsorbent [-SiW12O40]4−. 

The adsorption capacity of Cd(II) was 1.78 mg/g 

and Fe(II) was 1.125 mg/g when using CaAl 

LDH as adsorbent. LDH/Hydroxyapatite was 

applied to remove U(VI) from aqueous solution 

with adsorption capacity reaching 845.16 mg/g 

at pH 6.0 and 298 K [23]. The other research 

was conducted NiCr LDH intercalated by 

diphenylamine-4-sulfonate (DS) and applied as 

an adsorbent of Pb(II). The results of 

adsorption capacity were obtained at 309 mg/g 

for NiCr-DS LDH, which is higher than NiCr 

LDH pristine (42 mg/g) at 293 K [24].  

LDH is a material that is easily exfoliated, 

so it needs to be modified. In this study, BC 

was used as a support material in the 

modification process because the carbon 

content in BC can make the material more 

stable in the adsorption process and have a 

larger surface area than the base material. 

Ni/Al modified using H3PO4 (PAB) can be used 

as an adsorbent in the Cr(VI) removal process 

with an adsorption capacity of 275.1 mg/g [25]. 

Mg/Al-biochar was used in the Cr(VI) removal 

process with an adsorption capacity of 38 mg/g 

[26]. Li et al. [27] reported that invasive plant-

derived biochar (IPB) has successfully loaded 

to CaAl LDH and was applied as an adsorbent 

of Eu(II). 

The adsorption capacity of composites 

CaAl/IPB reached 120.482 mg/g at 338 K. 

Thus, the composite process can enhance the 

adsorption capacity for dye molecules, such as 

malachite green. A similar report was 

published by Palapa et al. [28]. CuAl/BC had a 

greater adsorption capacity than Cu/Al LDH in 

the malachite green removal process, namely 

470.96 mg/g and and a potential candidate as a 

low-cost adsorbent with reusability properties. 

Research conducted by Li et al. [29] shows that 

metal Cd(II) can be removed using MgAl-rice 

husk biochar composite with adsorption capaci-

ty of 125.34 mg/g. Cd(II) metal could be re-

moved using Mg/Fe-Kiwi branch biochar with  

adsorption capacity of 25.6 mg/g [30]. 

Based on these explanations thus, in this 

research, LDH was impregnated with biochar 

(BC). BC was obtained from local rice straw to 

form the composite. Ca/Al, Cu/Al, and Ni/Al 

were used in this research based on various 

M2+ ranging main to transition groups, while 

M3+ was aluminum. The formation of the com-

posite was characterized by XRD, FTIR, BET 

surface area, and thermal analyses. Compo-

sites were applied as adsorbents of cadmi-

um(II) [Cd(II)]. The reusability of adsorbents 

investigated the structural stability toward 

Cd(II) adsorption until five cycles adsorption 

process. The adsorption was studied by concen-

tration and adsorption thermodynamic param-

eter. 

 

2. Materials and Methods 

2.1 Materials 

Materials were used Cu(NO3)2.3H2O 

(EMSURE ® ,  ≥98% ) ,  Ca(NO 3 ) 2 .4H 2 O 

(EMSURE ® ,  ≥98% ) ,  Ni (NO 3 ) 2 . 6H 2 O 

(EMSURE ® ,  ≥98% ) ,  A l (NO 3 ) 3 . 9H 2 O 

(EMSURE®, ≥98%), NaOH (EMSURE®), CdCl2 

(Merck). Water was obtained by purification 

using Purite®.  

 

2.2 Methods 

2.2.1 Synthesis of M2+ (Cu, Ca, and Ni)/Al 

In this work, M2+ (Cu, Ca, and Ni)/Al was 

synthesized by the coprecipitation method as 

previously reported by Palapa et al. [15]. M2+ 

(Cu, Ca, and Ni) 0.75 M as much as 100 mL 

was added with 100 mL of Al. The mixture was 
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added with 2 M NaOH to pH 10 and stirred for 

17 h at 80 °C. After the stirring process, the 

precipitate is filtered and dried at 100 °C. 

 

2.2.2 Impregnation of LDH with BC 

Preparation of composite M2+/Al-BC (M2+ = 

Cu, Ca, Ni) was conducted as previously report-

ed [30,31]. The composite was prepared by mix-

ing a divalent solution (0.75 M, 10 mL) with 

aluminum nitrate (0.25 M, 10 mL) and stirred 

for 2 h. The mixture was added with BC (2 g), 

adjusted the pH to 10 using NaOH, the mixture 

was stirred (72 h at 80 °C). The M2+/Al-BC were 

washed and dried at 110 °C. 

 

2.2.3 Regeneration of Adsorbent  

Adsorbents of composite and LDHs were re-

used for the readsorption process. The ultra-

sonic system desorbed Cd(II) on adsorbent at 

40 °C for 30 min. The adsorbent was dried then 

used for Cd(II) adsorption. Readsorption using 

reuse adsorbent was performed five times dur-

ing the adsorption process. 

 

2.2.4 The Effect of Variations in Concentration 

and Temperature 

The effect of concentration and adsorption 

thermodynamics was studied by varying the 

initial concentration (1; 1.5; 2; 2.5; 3 mg/L) and 

temperature. Cd(II) was added as much as 0.02 

g of adsorbent and stirred for 2 h using various 

temperatures (30, 40, 50, and 60 °C).  

 

3. Results and Discussion 

Figure 1 shows the XRD of LDHs, BC, and 

LDH-BC composite with a similar synthetic 

condition composed of M2+/Al (M2+ = Cu, Ca, 

Ni).  Figure 1 showed that LDH has similar 

diffraction patterns at 9–11° (003), 22–24° 

(006), 35° (012), and 58–61° (110), which indi-

cated the formation of layer structure [31,32]. 

Ca/Al LDH has a slightly different pattern at 

29°. The diffraction at 29° showed the for-

mation of M−O on the layer. The diffraction of 

BC has a broad pattern, and only one diffrac-

tion peak was detected at 22° (002). These dif-

fractions were assigned as carbon diffraction 

[33]. BC is an organic compound and has car-

bon as the main content. A composite of LDH-

BC was presented in Figure 1. A largely differ-

ent diffractions were found in the composite of 

Figure 1. XRD of (a) Cu/Al, (b) Ca/Al, (c) Ni/Al, 

(d) BC, (e) Cu/Al-BC, (f) Ca/Al-BC, and (g) 

Ni/Al-BC. 

Figure 2. FTIR spectrum of (A) = (a) Cu/Al, (b) Ca/Al, (c) Ni/Al, (d) BC; (B) = (a) Cu/Al-BC, (b) Ca/Al-

BC, (c) Ni/Al-BC). 

(A) (B) 
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LDH-BC, which was different from the diffrac-

tion of LDH. The diffraction peaks for Ca/Al-BC 

were 10.92° (003), 21.21° (002), 23.94° (006), 

36.09° (012), 56.32° (110), 58.93° (116). The dif-

fraction peaks of Cu/Al-BC and Ni/Al-BC also 

have similar Miller indices with Ca/Al-BC at 

(003), (002), (006), (012), (110), and (116). All 

these diffraction peaks show the diffractions of 

LDH and BC, thus, composites based on LDH-

BC were facile formed. On the other hand, the 

crystallinity of Cu/Al-BC and Ni/Al-BC was 

lower than Ca/Al-BC. The decrease in the crys-

tallinity of Cu/Al-BC and Ni/Al-BC is probably 

due to BC content to LDH. The crystallinity of 

Ca/Al-BC is high, probably due to the main ele-

ment of M2+, while Ni2+ and Cu2+ are transition 

elements. The size of Ca2+ is also larger than 

Ni2+ or Cu2+ [34,35], which also probably cre-

ates the crystallization stability of Ca/Al-BC. 

FTIR spectrum of LDH, BC, and composite 

was presented in Figure 2. Ca/Al, Cu/Al, and 

Ni/Al LDHs have main vibration peaks at 3400 

cm−1 ( O−H stretching), 1630 cm−1 ( O−H 

bending), and 1381 cm−1 ( N−O nitrate) [36]. 

Divalent M2+ and trivalent M3+ have vibrations 

in the range of 700-400 cm−1 depending on M2+ 

ions, as shown in Figure 2(A). Composite Ca/Al-

BC, Cu/Al-BC, and Ni/Al-BC have similar vi-

brations with LDH, while broad vibration at 

1380 cm−1 was found, especially on Ca/Al-BC. 

These vibrations occurred due to the insertion 

of BC on the interlayer space of LDH, and 

some nitrate ions were exchanged for BC. Alt-

hough the size of BC is larger than nitrate ion, 

these possibilities can be found because some 

functional groups on BC have interacted with 

positive charges of LDH. 

Vibrations of divalent and trivalent ions on 

composites were similar to pristine LDH in the 

range of 400–700 cm−1. The diffraction of or-

ganic moiety on composite was found at around 

2800 cm−1, which was assigned as C−H vibra-

tion. The N2 isotherms adsorption-desorption 

on LDHs and composites are shown in Figure 

3. 

The data in Table 1 showed that the surface 

area of Ca/Al-BC has ten-fold higher than pris-

tine LDH. These increasing surface area prop-

erties are the highest for Cu/Al-BC and Ni/Al-

BC, which are four-fold and seven-fold higher 

than original LDHs. On the other side, Ni/Al-

BC was the highest surface area properties of 

other composites, up to 438 m2/g. BC has a key 

role in this research's increased surface area 

properties of LDHs materials. This BC involve-

ment causes decreasing the pore volume and 

pore diameter. BC has covered surface materi-

als and thus can decrease volume and diameter 

Figure 3. N2 adsorption-desorption isotherm of M2+/Al-BC (M2+ = Cu, Ca, Ni), LDHs, and BC. 

Materials Surface Area (m2/g) Pore Volume (cm3/g) BJH Pore Diameter (nm) 

BC 50.936 12.089 0.025 

Ca/Al 15.106 0.043 2.897 

Cu/Al 45.199 0.117 10.393 

Ni/Al 56.930 0.117 5.027 

Ca/Al-BC 158.291 0.017 2.474 

Cu/Al-BC 200.909 0.324 7.032 

Ni/Al-BC 438.942 0.002 12.301 

Table 1. BET surface area analysis. 
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Figure 4. Thermogravimetric of (a) Ca/Al, (b) Cu/Al, (c) Ni/Al, (d) BC, (e) Ca/Al-BC, (f) Cu/Al-BC, and 

(g) Ni/Al-BC. 
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composites. The specific surface area of the 

composite is higher than that of LDH and BC, 

this is because the surface of LDH and biochar 

becomes heterogeneous so that the active site 

of the composite adsorbent increases [37]. The 

properties of LDH before and after the compo-

site did not differ much before and after be-

cause LDH is a layered material, and biochar 

Figure 5. Reusability materials toward Cd(II) adsorption (1). Starting materials (Ca/Al, Cu/Al, Ni/Al, 

BC), and (2) composites (Ca/Al-BC, Cu/Al-BC, Ni/Al-BC). 

Figure 6. Effect of Cd(II) initial concentration and temperature on the adsorption using (a) Ca/Al, (b) 

Cu/Al, (c) Ni/Al, (d) BC, (e) Ca/Al-BC, (f) Cu/Al-BC, and (g) Ni/Al-BC. 

(A) (B) 



 

Bulletin of Chemical Reaction Engineering & Catalysis, 17 (3), 2022, 526 

Copyright © 2022, ISSN 1978-2993 

Adsorbent 
Adsorption 

Isotherm 

Adsorption 

Constant 

T (K) 

303 313 323 333 

CaAl 

Langmuir 

Qmax 8.143 9.785 12.330 14.306 

kL 0.137 0.276 0.317 0.437 

R2 0.9978 0.9999 0.9993 0.9995 

Freundlich 

n 0.4462 6.882 7.570 7.651 

kF 3.019 5.291 7.073 8.543 

R2 0.9808 0.9735 0.9929 0.9099 

CuAl 

Langmuir 

Qmax 13.947 15.504 16.892 19.802 

kL 0.048 0.265 0.290 0.190 

R2 0.9981 0.9997 0.9992 0.9797 

Freundlich 

n 0.519 0.649 5.525 6.398 

kF 30.570 8.020 0.8221 9.906 

R2 0.8857 0.9062 0.9365 0.9359 

BC 

Langmuir 

Qmax 17.094 18.018 20.121 22.472 

kL 0.296 0.422 0.626 0.609 

R2 0.9999 0.9999 0.999 0.999 

Freundlich 

n 9.757 0.769 8.130 7.704 

kF 8.562 2.684 12.723 13.890 

R2 0.9862 0.8525 0.9695 0.9921 

NiAl 

Langmuir 

Qmax 21.692 22.573 23.886 25.381 

kL 0.431 0.578 0.774 0.912 

R2 0.9958 0.998 0.9987 0.9994 

Freundlich 

n 19.120 19.646 22.936 19.084 

kF 16.773 17.898 19.706 20.516 

R2 0.9197 0.9435 0.9605 0.9785 

CaAl-BC 

Langmuir 

Qmax 88.496 75.188 104.167 156.250 

kL 0.137 0.174 0.163 0.143 

R2 0.9999 0.9998 0.9998 0.9986 

Freundlich 

n 0.001 5.157 4.953 4.627 

kF 12.685 13.280 14.870 16.162 

R2 0.9331 0.9312 0.9463 0.9189 

CuAl-BC 

Langmuir 

Qmax 30.448 84.034 80.000 149.254 

kL 0.300 0.067 0.683 0.143 

R2 0.9961 0.9999 0.9963 0.9999 

Freundlich 

n 0.492 7.077 9.940 8.889 

kF 4.869 16.831 24.038 20.730 

R2 0.9929 0.9113 0.9693 0.9426 

NiAl-BC 

Langmuir 

Qmax 39.216 58.140 110.461 208.333 

kL 0.021 0.015 0.007 0.004 

R2 0.999 0.988 0.999 0.996 

n 1.067 0.648 0.258 0.377 

Freundlich kF 1.156 1.114 1.389 1.149 

R2 0.988 0.910 0.951 0.983 

Table 2. Isotherm adsorption. 
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is a porous material, thus increasing the effec-

tiveness and active site of the adsorbent. 

Figure 4 shows the thermogravimetric pat-

terns of starting materials and composites. In 

general, the decomposition peaks of LDH have 

three parts i.e. dehydration of water on the lat-

tice (100–110 °C), decomposition of nitrate on 

the interlayer (around 300–350 °C), and decom-

position of layer (above 600 °C). All peak was 

assigned as endotherm peak. The thermogravi-

metric pattern of BC contains two main peaks 

endothermic and exothermic peaks. The endo-

thermic peak at 105 °C is due to the removal of 

water from crystallization, and the exothermic 

peak at 490 °C is the oxidation of organic mole-

cules on BC. Ca/Al-BC, Cu/Al-BC, and Ni/Al-

BC have both endothermic and exothermic 

peaks due to LDH and BC. Thus the formation 

of a composite based on LDH and BC in this re-

search was successfully synthesized. 

The performance of composite was evaluat-

ed through reuse material in Cd(II) adsorption 

from an aqueous solution. Figure 5(A). The re-

usability adsorbent for cadmium(II) adsorption 

by LDH was largely decreased, although in the 

second re-adsorption process. This phenomenon 

is due to the exfoliation of the LDH structure. 

The structure of LDH is almost unstable to-

ward reuse material. The reusability of BC was 

better than LDH. The carbon on the material 

creates the resistance of structure thus, BC is 

appropriate to support for LDH to form LDH-

BC composite. Composite LDH-BC, as shown 

in Figure 5(B) has better stability toward reus-

ability adsorbent on cadmium(II) adsorption. 

All composites Ca/Al-BC, Cu/Al-BC, and Ni/Al-

BC show a larger adsorption capacity than the 

starting materials. Ni/Al-BC was more stable 

toward re-adsorption than Cu/Al-BC and 

Ca/Al-BC. The stability of composite for cadmi-

um(II) readsorption is in the order Ni/Al-BC > 

Cu/Al-BC > Ca/Al-BC. 

The adsorption of Cd(II) was relatively low 

at low temperatures. The increasing 

temperature will increase the adsorption 

amount of Cd(II) on all adsorbents (Figure 6). 

The adsorption of Cd(II) was also small at low 

Cd(II) concentrations and was increased at 

higher Cd(II) concentrations. The Cd(II) 

adsorbed on composite was also higher than 

LDH and BC. These quantitative data were 

used to obtain isotherm and thermodynamic 

data by equations are as follows: 

 

Langmuir : (1) 

 

 

Freundlich : (2) 

 

The isotherm adsorption was calculated us-

ing the Freundlich and Langmuir equation 

[38,39]. The adsorption isotherm of each adsor-

bent used followed the Langmuir isotherm 

model as evidenced by the R2 = 1 shown in Ta-

Adsorbents 
Experiment Operating 

Conditions 
qmax (mg/g) References 

HAp@Fe3O4@bentonite pH: 3.0; 60 min 309 [40] 

Ca/Al-SiW12O40 pH: 9.0; 90 min 12.57 [41] 

iron-trimesic MOF pH: 5.0; 298 K 0.84 [42] 

chitosan/Mg-Al LDH pH: 3.0; 60 min 140.8 [2] 

HA-MgAl LDH 90 min; 298 K 155.28 [31] 

NiCoTi LDH 150 min, 302 K 37.87 [43] 

Mg-Fe-Kiwi branch biochar pH: 6.5; 303 K 25.6 [30] 

MgAl-Cys-LDH pH: 5.8; 298 K 93.11 [44] 

Ni/Mo-LDH 318 K 68.4 [45] 

magnetic rice husk biochar-KMnO4 pH 3.5 42.49 [46] 

Polyethyleneimine-AC pH: 6.0; 298 K 45.5 [47] 

maleylated modified hydrochar 303 K; 120 min 90.99 [48] 

BC 

333 K; 90 min 

22.472 

Present Work 

Ca/Al 14.306 

Cu/Al 19.802 

Ni/Al 25.381 

Ca/Al-BC 156.250 

Cu/Al-BC 149.254 

Ni/Al-BC 208.333 

Table 3. Adsorption of Cd(II) using various adsorbents. 

1

L

C C

m bK b
= +

1
log log log

e F e
q K C

n
= +
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ble 2. The data in Table 3 also shows the ad-

sorption capacity (Qmax) of Cd(II) on all adsor-

bents at various temperatures. The Qmax at 333 

K was the highest value. The Qmax for LDH and 

BC was 14.306–25.381 mg/g and 22.472 mg/g, 

respectively. Qmax of the composite was almost 

ten-fold that of LDH. The Qmax of the composite 

was largely increased equally with increasing 

surface area properties of the composite. Thus 

the adsorption of Cd(II) on composite depended 

on the surface area of the materials.  

The adsorption of Cd(II) in this research 

was compared with several reported literatures 

using various adsorbents, as shown in Table 3. 

The adsorbent for Cd(II) adsorption was LDH, 

modified LDH, and other adsorbents by various 

adsorption conditions. Adsorbents of LDH, BC, 

Ca/Al-BC, Cu/Al-BC, and Ni/Al-BC in this re-

search show a relatively high Qmax value than 

in previous research. The adsorption of Cd(II) 

on composite has Qmax up to 208.333 mg/g. 

The thermodynamic parameter was also ob-

tained by calculation using thermodynamic 

terms, such as ∆H, ∆S, and ∆G [49,50]. Table 4 

shows the adsorption energy for LDH, BC, and 

composite in the range of 9.776–23.178 kJ/mol, 

14.232 kJ/mol, and 23.726–35.183 kJ/mol,      

respectively. These energy values are very low 

to classify as chemical adsorption [21]. Alt-

hough there is the possibility of the involve-

ment of chemical interaction in the adsorption 

process, that is very low. Physical interaction is 

dominated for Cd(II) adsorption on LDH, BC, 

and composite. The ∆S value was also small 

and in the range of 0.037–0.129 J/mol.K. The 

trend of randomness increased from LDH to 

composite showed the increasing randomness 

of the adsorption process on composite [51]. 

That phenomena suggest the formation of com-

posite will increase interaction between Cd(II) 

and materials due to the availability of various 

active sites on composite. The ∆G value of all 

adsorbents shows the negative value means 

the spontaneity process of Cd(II) adsorption on 

adsorbents. The increasing adsorption temper-

ature gave the more negative value of ∆G. 

Thus, the spontaneity of adsorption was collat-

ed with the value of ∆S. 

Adsorbent T (K) Qe (mg/g) ∆H (kJ/mol) ∆S (J/mol.K) ∆G (kJ/mol) 

CaAl 

303 6.954 

23.178 0.078 

−0.440 

313 8.983 −1.220 

323 11.491 −1.999 

333 13.406 −2.779 

CuAl 

303 12.294 

12.438 0.042 

−0.378 

313 13.673 −0.801 

323 14.767 −1.224 

333 16.523 −1.647 

NiAl 

303 19.932 

9.776 0.037 

−1.411 

313 21.140 −1.781 

323 22.679 −2.150 

333 24.245 −2.519 

BC 

303 15.641 

14.232 0.048 

−0.419 

313 16.803 −0.903 

323 19.164 −1.387 

333 21.471 −1.870 

CaAl-BC 

303 21.117 

23.726 0.079 

−0.092 

313 23.545 −0.878 

323 26.318 −1.664 

333 29.202 −2.450 

CuAl BC 

303 22.291 

25.634 0.086 

−0.386 

313 24.921 −1.245 

323 27.871 −2.104 

333 30.650 −2.963 

NiAl-BC 

303 34.189 

35.183 

−1.705 

0.129 
313 36.041 −3.904 

323 37.776 −6.104 

333 39.625 −8.304 

Table 4. Thermodynamic parameters. 
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4. Conclusion 

Composite M2+/Al-BC (Ca/Al-BC, Cu/Al-BC, 

and Ni/Al-BC) were successfully synthesized 

and had surface area properties almost ten-fold 

than pristine LDH. This composite has struc-

tural stability toward reusability adsorbent 

and can be used until five cycles. The maxi-

mum adsorption capacity in removing Cd(II) 

from aqueous solution using Ca/Al-BC, Cu/Al-

BC, and Ni/Al-BC adsorbents was 156.250 

mg/g, 149.254 mg/g, and 208.333 mg/g, respec-

tively. This confirms that Ca/Al-BC, Cu/Al-BC, 

and Ni/Al-BC composites have potential for 

heavy metal wastewater treatment. 
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