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Abstract   

A layered double hydroxide anionic clay (ZnAlCO3-LDH) with molar ratio Zn/Al of 4:1 was synthesized by co-precipitation 
method. The ability of ZnAlCO3-LDH to adsorb anionic Amido Black dye from an aqueous and factors affecting the 
sorption efficiency were investigated. Results indicate that ZnAlCO3-LDH is an attractive candidate for removing organic  
anionic Amido Black from solution.  The sorption process was also found to be influenced by contact time, initial 
concentration, adsorbent dosage, particle size, temperature and solution pH.  The favorability of the adsorption process is 
reflected by the Langmuir dimensionless separation factor RL and also the n value of the Freundlich Equation.   
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Abstrak 

Anionik dwi hidroksida berlapis (ZnAlCO3-LDH) pada nisbah molar Zn/Al 4:1 telah disentesis melalui kaedah pemendapan 
bersama.  Kajian mengenai keupyaan ZnAlCO3-LDH untuk menjerap bahan pewarna, Amido Black  daripada larutan akuas 
dan faktor–faktor yang mempengaruhi keberkesanan proses penjerapan telah dilakukan. Hasil kajian mendapati ZnAlCO3-
LDH mempunyai potensi sebagai penjerap berkesan untuk menyahwarna bahan pewarna organik anionik Amido Black 
daripada larutan. Proses penjerapan ini juga didapati telah dipengaruhi oleh  waktu sentuh, kepekatan, dos penjerap, saiz 
partikel, suhu dan pH. Keberkesanan penjerapan telah dapat diukur melalui nilai faktor pemisah Langmuir, RL dan n daripda 
Persamaan Freundlich. 
 
Kata kunci: penjerapan; dwi hidroksida berlapis; faktor pemisahan Langmuir, persamaan Freundlich 

 
Introduction 

Wastewater containing dyes pose grave problems to the environment as dyes normally constitute synthetic 
organic molecules which are recalcitrant to biodegradation [1,2 ] and difficult to treat by conventional water 
treatment. Besides, colored water is aesthetically displeasing and unacceptable as it is perceived as pollution, 
and in aqueous medium, they reduce light penetration vital for photosynthesis by aquatic plants [3,4]. 
 
Worldwide production of dyes especially from textile industry has increased in terms of volume, types and 
complexity.  A total of 30% of world production of dyes may be lost during dyeing process [5]. Dyes in 
wastewater is normally the result of inefficient dyeing processes, which cause as much as 10-15% unused 
dyestuff entering the watercourse directly [6]. Dye  effluent normally contain  about 10-50 mg/L, but even at 1 
mg/L dyes are easily noticeable [7,8] and thus may be perceived as being contaminated and unacceptable. This 
poses challenge to colour removal methods from wastewater and dyehouse effluent. Conventional methods of 
water treatment such as coagulation [9], chemical precipitation  [10], ozonation 11], membrane filtration [12] 
and reverse osmosis [10] are not effective in removing colour from waste effluent   Adsorption, on the other 
hand has been regarded as the most effective technique for colour removal from aqueous solution as a result of 
its simplicity in design, relatively low cost and high efficiency [13]. Among the most established adsorbents, 
activated carbon is the most widely used [10,14] , mainly because of its efficiency and widescale application.  
However, activated carbon is an expensive material [10], and difficult to regenerate [15]. As a result research 
into relatively cheaper and efficient materials  has opened up to a host of potential new adsorbents.  One of 
these promising classes of adsorbents are synthetic anionic clays called hydrotalcites (HT) or hydrotalcite-like 
compounds (HTlc) or layered double hydroxide (LDH), of which the most famous class is Mg-Al hydrotalcites   
[7]. 
 
LDH belongs to a class of ionic lamellar solids with positively charged layers consisting two kinds of metallic 
cations and charge balancing exchangeable hydrated gallery anions located in the interlayer region [16]. This 
compound is also referred to as an anionic clay to differentiate it from a cationic clay.  It is also referred to as a 
hydrotalcite-like compound in reference to structural similarities to hydrotalcite whose general formula is 
[Mg6Al2(OH)16(CO3).4H2O]. LDH is commonly represented by the  general formula [M2+

1-xM3+
x(OH)2]x+ (An-
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            log qe = log KF + (1/n) log Ce                                                                                                                    (6) 
 
KF  and 1/n are Freundlich equilibrium coefficients related to the adsorption capacity and adsorption intensity 
respectivel [20]. A plot of log qe versus  log Ce gives a straight line with a slope (1/n)  and an intercept at log KF.  
A larger value of KF indicates good adsorption efficiency for a particular LDH,  while a larger value of 1/n 
indicates a larger change in effectiveness over different equilibrium concentrations [21].  n values between 1 
and 10 represent beneficial adsorption [22]. 
 
The favorability of the sorption system in the batch process was estimated from the shape of the isotherm which 
may be indicated by an essential characteristics of the Langmuir isotherm, expressed in terms of a 
dimensionless constant separation factor RL, given by Equation (7) [23]: 
 
              RL = 1 / (1 + bCo) (7) 
 
where b is the Langmuir constant and Co is the initial dye concentration (mg/L). The value of RL indicates 
whether the isotherm follows the characteristic [23] as shown in Table 1.  
 

Table 1: The characteristic of value RL 

Nature of adsorption process RL  Value
Unfavourable RL>1 
Linear RL= 1 
Favourable 0<RL<1 
Irreversible RL=0 

 
 

Results and Discussion 
Characterization of ZnAlCO3-LDH 
The results of FTIR, XRD, and SEM pattern analyses for ZnAlCO3-LDH are shown in Figures  2(a)-2(c).  
 
The FTIR spectrum shows a broad peak at 3435 cm-1. This is due to the presence of O-H stretching of hydroxyl 
group of LDH.  A small peak around 3000 cm-1 was due to hydrogen bonding between H2O and anions in the 
interlayer region. Sharp peaks at 1364 cm-1 and 1638 cm-1 represent symmetric and asymmetric stretching 
absorption of the C=O group. The peaks below 1000 cm-1 correspond to Zn-OH or Al-OH stretching absorption. 
Metal-oxygen stretching mode is represented by peaks below 800 cm-1.   
 
The formation of LDH can be identified easily by XRD study.  Sharp peaks indicate that the material obtained 
is ordered and broadened peaks shows disorded crystal arrrangement.  The most intense peaks of the LDH at 
7.6 Å, and 3.8Å are typical characteristics of a LDH structure corresponding to the distance between the 
hydroxyl layers and interlayer spacing [24] ZnAlCO3-LDH. 
 
The SEM image shows that LDH particles are mainly composed of irregular and porous particles. In general, 
the LDH has plate-like morphology and hexagonal crystallite.  
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providing more surfaces and adsorption site; hence increased adsorbent enhances adsorption to a maximum 
with eventual equilibrium stage. 
 
Effect of particle size 
Figure 7 shows the effect of particle size on adsorption efficiency is represented by adsorption profile of 100 
mg/L initial concentration  by thee particle sizes in 6 h. It can be seen that decrease in particle size from 600 μm 
425 μm and 212 μm, had resulted in the increase in percentage of dye removal  due to the increase in surface 
area and available sites allowing more dye molecules to be bound to the adsorbent. The removal of dye was 89 
% in the case of 212 μm particle size compared to 72 % for 600 μm.   
 
Effect of temperature 
Increase of temperature had increased the adsorption efficiency of AB adsorption (Figure 8). The result 
demonstrates that with higher kinetic energy, dye molecules were able to overcome the energy barrier, 
restricting the bonding between AB and ZnAlCO3-LDH. The adsorption of 100 mg/L AB  carried out at 25 ₀C , 
30 oC and 35 ₀C had resulted in 99% adsorption at 30 °C.  Further increase in temperature to 35 ₀C had little 
effect on further adsorption. 
 
 Adsorption isotherms 
The adsorption data were applied to both the linearized form of Freundlich and the Langmuir equations (Figure 
9). Table 2 illustrates the correlation coefficients of determinant,  R2 for both isotherm models. The values of 
R2, 0.934 for Langmuir and 0.958 for Freundlich suggest that both homogenous monolayer and heterogenous 
mechanism in adsorption process are at play. The adequacy of both models to explain the adsorption process is 
further supported by the positive values of Langmuir and Freundlich isotherm constants  [28]   ] as shown in 
Table 2. The Freundlich constant n has a value which lies between 1 and 10, which indicate the sorption process 
by heterogenous binding is favourable [22].  In addition, the values of Langmuir dimensionless separation 
factor  RL as shown in Figure 10 has values 0 < RL< 1; hence the sorption system may be considered favourable 
by Langmuir model (Table 1). 
 
From this table; it was observed that the values of RL computed are observed to be in the range of 1-10, 
indicating that the  sorption process is favourable for this adsorbent [9]. The RL values decrease with increasing 
concentrations suggesting that the dye uptake process is more favourable with higher concentration of dye [29]. 
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Figure 3: Effect of contact time on dye removal at 
different initial concentration   

     Figure 4: Effect of different initial concentrations  
on dye removal   
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Figure 7: Effect of particle size on AB removal      Figure 8: Effect of temperature on AB removal    
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Figure 9 : Langmuir (a) and Freundlich (b)  adsorption  isotherms model for AB adsorption  

by ZnAlCO3-LDH 
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Figure 10: The dimensionless separation factor, RL at different initial concentrations for AB adsorption 
by ZnAlCO3-LDH 
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Table 2:  Summary of the Langmuir and Freundilich isotherm constants and correlation coefficients for 
AB adsorption by ZnAlCO3-LDH 

Langmuir Freundlich 
Equation Qo 

(mg/g) 
b 

(L/mg) 
R2 Equation n KF R2 

y = 0.034x + 0.852 28.8 0.040 0.934 y = 0.400x + 1.274 
 

2.5 3.58 0.959 

 
 

Conclusion 
The present study shows that ZnAlCO3-LDH with a particle size of 212 µm is suitable adsorbents for the 
removal of Amido Black dye, which is an anionic dye from an aqueous solutions. The removal of AB was 
shown to be dependent on contact time, initial concentration, dosage and temperature. The experimental data 
give good fit for both Langmuir and Freundlich models, but Freundlich model fits better (R2>0.95). The results 
also suggest that adsorption capacity of ZnAlCO3-LDH was found to be 28.8 mg/g at 25 oC using  linearized 
Langmuir isotherm model. The mechanism of adsorption seems to obey a heterogenous model better than 
monolayer isotherm model. The favorability of the adsorption process is reflected by the Langmuir 
dimensionless separation factor RL and also the n value of the Freundlich equation.   
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