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Abstract 
 

In this study, sorption properties of a synthesized anionic clay were enhanced by the intercalation of oxalate ions in its interlayer space. 

The pristine and modified clay materials were characterized by X-ray diffraction, Fourier transform infrared spectroscopy and thermal 

analysis. These techniques confirmed the presence of oxalate ions in the interlayer space of the clay. The intercalated clay was then used 

as a matrix for the sorption in batch mode of nickel ions in aqueous solution. The influence of a number of parameters such as contact 

time, pH, initial concentration of the analyte and adsorbent dosage were studied. The maximum adsorption of nickel was obtained at pH 

6, that is, about 90% Ni2+ removal. The adsorbent/adsorbate equilibrium follows a pseudo-second order kinetics and best matches the 

Langmuir model. The modified clay was shown to be efficient matrix for the sorption of nickel ions. 
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1. Introduction 

Nickel is a toxic heavy metal widely used in silver refineries, elec-

troplating, zinc base casting and storage battery industries [1-2]. It 

is an inorganic pollutant of serious concern because of its carcino-

genic effects [3]. Since heavy metals are recognized to be non-

biodegradable, it is advisable to remove them from industrial 

wastewater before discharge into the environment. 

Several methods such as ion exchange, solvent extraction, reverse 

osmosis, precipitation, electrochemical and adsorption processes 

have been proposed for the treatment of sewage contaminated 

with heavy metals [4-5]. However, the above mentioned methods 

are not economically feasible for small and medium size indus-

tries. It is therefore necessary to search for low cost techniques 

that may be effective, less environmentally degrading and eco-

nomical [6]. 

For water containing small amounts of metal ions, adsorption is 

recommended for their removal because it is simple, sludge free 

and involve small initial cost and land investment. Activated car-

bon is a potential adsorbent for heavy metals in water but the cost 

of its activation limits its application in developing countries. 

Therefore, investigating new adsorbents with adsorption capacities 

and efficiencies comparable to that of commercial activated car-

bon has been the aim of many research works. 

Layered double hydroxides (LDHs), also known as hydrotalcite-

like compounds, consist of brucite-like layers which contain the 

hydroxides of divalent (MII) and trivalent (MIII) metal ions and 

have an overall positive charge balanced by hydrated anions be-

tween layers. These compounds present the general formula [MII
 

(1−x) MIII
x (OH)2]

x+(An−)x/n·mH2O where An− is the intercalated 

anion. Because of the strong hydration of these inorganic ions, the 

interlayer space of LDHs is hydrophilic in nature. As a result, 

natural clay minerals as well as LDHs show rather weak affinity 

towards most ionic metal compounds and are seldom used as 

sorbents for heavy metals [7-8]. 

Under suitable conditions, the inorganic ions in clay minerals and 

LDHs can be replaced by organic ions which make the interlayer 

spaces hydrophobic [9-10] and more sensitive to heavy metal ions. 

These organoclays and organo/LDHs have applications in a wide 

range of organic pollution control fields. To the best of our 

knowledge, nickel removal by LDHs has not yet been investigat-

ed. In this study, hydrotalcite (LDH) is synthesized in carbonate 

form by the co-precipitation method [11] and modified/LDH is 

obtained by intercalation of oxalate anions (C2O4
2-) into the inter-

layer space of the hydrotalcite by direct anion exchange from the 

LDH precursor. The adsorption of nickel (II) by the obtained in-

tercalated LDH material is then optimized. 

2. Materials and method 

2. 1. Synthesis of the Mg/Al LDH 

A co-precipitation and crystallization method [10], [12-13] was 

used to prepare the hydrotalcite in carbonate form (Mg2AlCO3-

LDH). X-ray diffraction (XRD), FT-IR spectroscopy and thermo-

gravimetric analysis were used to characterize the synthesized 

product.  

2.2. Intercalation of C2O4
2-

 into the LDH 

Iyi et al. (2011) [14] using aqueous HCl/NaCl solution succeeded 

in deintercalating CO3
2- from CO3-LDH and replacing it by Cl- 

without any weight loss or morphological change under optimum 

conditions. The same method (anion exchange method) is used in 

this paper to intercalate oxalate anions into the interlayer of the 

synthesized precursor Mg2AlCO3-LDH, by using 

http://creativecommons.org/licenses/by/3.0/
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Na2C2O4/H2C2O4.2H2O solution. The modified Mg/Al LDH 

(henceforth designated as Mg2AlC2O4-LDH) was then character-

ized by X-ray diffraction and FT-IR spectroscopy.  

2.3. Characterization techniques 

X-ray powder profiles were collected using a Bruker D5005 X-ray 

diffractometer equipped with sealed Cu-Kα radiation source (λα = 

1.54184 Å).  

Thermogravimetric analyses (TGA) were carried out using a Per-

kin-Elmer thermogravimetric/differential thermal analyzer 

(TG/DTA). The measurements were recorded from 30 °C and 600 

°C under nitrogen flow (100 mL.min−1) with a heating rate of 10° 

C min−1.  

FT-IR spectra were obtained from pellets containing about 5% 

dried solid in KBr. The spectra were recorded between 4000 and 

400 cm−1 with a FT-IR Bruker. 

2.4. Adsorption experiments 

Aqueous solutions of nickel were prepared by dissolving nickel 

nitrate Ni (NO3)2.6H2O in double distilled water. The pH of the 

solutions was adjusted using 0.01 M NaOH or 0.01 M HCl. All 

chemicals used were of analytical reagent grade. Nickel (II) anal-

yses were done by a UV/Vis spectrophotometer (Jenway) at 395 

nm. 

Nickel adsorption was optimized by studying the influence of 

contact time, adsorbent dosage, pH of solution and initial concen-

tration of nickel (II) ions. Kinetics and equilibrium models were 

also investigated. All the experiments were replicated thrice to 

assure the veracity of results. 

The amount of Ni (II) absorbed per unit mass of adsorbent (Qe) 

was calculated from equation 1:  

 

o e
e

(C C )V
Q

m


                                                                            (1) 

 

Where C0 and Ce (mg/L) represent initial and equilibrium concen-

trations of metal ions in the aqueous phase respectively. V (L) is 

the volume of the solution and m (mg) is the mass of the adsor-

bent. The adsorption percentage (%R) of metal ions was calculat-

ed following equation 2: 
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To optimize the contact time, 5 mg of Mg2AlC2O4-LDH was 

stirred in 25 mL of a 2100 mg/L nickel solution at different time 

intervals (5-120 min).  

To determine the influence of pH, experiments were performed at 

initial pH values ranging from 2 to 9. Initial concentration of 2100 

mg/L nickel (II) and 5 mg of Mg2AlC2O4-LDH in 25 mL of solu-

tion were used for this purpose. The effect of initial metal ion 

concentrations was carried out by shaking (at the optimum contact 

time) 25 mL nickel (II) solutions of desired concentrations (800-

2600 mg/L) with 5 mg of the adsorbent. All the samples were 

adjusted to the optimum pH prior to the addition of the adsorbent. 

The best amount of LDH was determined by treating different 

masses of the adsorbents ranging from 5 to 40 mg with 25 mL 

solution of the Ni (II) ions of initial concentration 2100 mg/L. 

2.5. Kinetic modeling 

Three kinetic models have been tested in the present study: pseu-

do-first order kinetic model, pseudo-second order kinetic model 

and Elovich model. 

2.5.1. Pseudo-first order kinetic model 

The pseudo first order equation was suggested by Lagergren 

(1898) [15] for the adsorption of solid-liquid systems. This model 

is based on the assumption that the adsorption rate is proportional 

to the number of available sites [16] 

 

t
1 E t

dQ
K (Q Q )

dt
                                                                         (3) 

 

Where, QE and Qt (mg/g) are the adsorption capacities at equilibri-

um and at time t respectively, K1 (min-1) being the rate constant of 

pseudo-first order adsorption. Equation 3 can also be written as 

follows after integration:  

 

E t E 1ln(Q Q ) lnQ K t                                                                  (4) 

2.5.2. Pseudo-second order model 

This model is based on the assumption that adsorption rate is pro-

portional to the square of the number of unoccupied sites [17]. The 

characteristic equation of this model is: 
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Which is better written as: 
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K2 being the rate constant for the pseudo-second order adsorption 

(g/mg.min).  

2.5.3. The Elovich kinetic model 

This model is characterized by the following equation: 

 

t
dQt

αexp(βQ )
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Where α (mg.g-1.min-1) and β (g.min-1) are the initial adsorption 

rate and the desorption constant respectively. After integration, 

equation 7 becomes: 
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2.6. Adsorption isotherms 

The characteristic equation of Langmuir model is expressed as: 
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Where QE (mg/g) is the equilibrium metal ion concentration on the 

adsorbent, CE (mg/L) the equilibrium metal ion concentration in 

the solution, Qm (mg/g) the monolayer adsorption capacity of the 

adsorbent and KL (L/mg) the Langmuir adsorption constant, relat-

ed to the free energy of adsorption. This equation, reduced to its 

linear form, becomes: 
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The Freundlich model is applied in the case of non-ideal sorption 

on heterogeneous surfaces and multilayer sorption [18]. The equa-

tion is commonly given by: 
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E F E
1

lnQ lnK lnC
n

                                                                    (11) 

Where KF is a constant related to the adsorption capacity and 
1

n
 is 

an empirical parameter related to the adsorption intensity, which 

varies with the heterogeneity of the material.  

3. Results and discussion 

3.1. Characterization of materials 

3.1.1. XRD analysis of pristine and modified LDH 

The diffraction patterns of the pristine and modified LDH are 

shown in Fig 1. The diffractogram of the precursor material 

(Mg2AlCO3-LDH) (Fig.1a) consisted of both sharp and symmet-

rical peaks and some high angle asymmetrical peaks; this provides 

evidence of well crystallized and ordered layered structure of 

Mg2AlCO3-LDH. The typical pattern of hydrotalcite is present, 

that is a set of four reflection lines at 2θ=10, 20.00, 38.56 and 

61.00° due to the reflections of the basal planes (003), (006), (015) 

and (110) respectively [19]. The Mg2AlCO3-LDH spacing (that is, 

the thickness of a layer plus the interlayer space) is 8.77 Å (Fig. 

1a), value greater than that of a hydrotalcite of this type which is 

normally 7. 65 Å. This is reminiscent of a co-intercalation of larg-

er anions in addition to carbonate ions, given their high concentra-

tion in the medium [20]. 

The XRD peaks of the modified material with oxalate ions are 

broad and generally less intense compared to the pristine LDH, 

suggesting a partial loss of crystallinity in the clay mineral due to 

the presence of the oxalate ions (Fig. 1b). It should be noticed that, 

the maximum peak due to the diffraction by basal plane (003) 

shifts towards lower diffraction angles; several harmonics are 

recorded and the d-spacing values increased; 9, 87 Å after the 

anionic exchange. The peak shift at 2θ =10, indicates the CO3
2- 

replacement by oxalate anions in the hydrotalcite interlayer [21]. 

From these results, it can be concluded that the oxalate anions 

have been intercalated into the gallery of LDH with large interlay-

er separation. 

 

 
Fig. 1: (A) XRD Pattern of the Synthesized Mg2AlCO3-LDH. (B) XRD 

Pattern of the Chemically Modified Mg2AlC2O4-LDH. 

3.1.2. FT-IR analysis of the Mg2AlCO3-LDH and Mg2AlC2O4-

LDH materials 

The FT-IR spectra of the LDH materials are shown in Fig. 2 and 

3. All samples exhibited a very intense absorption band between 

3200 and 3500 cm-1 due to the stretching mode of hydroxyl 

groups. This band is very broad, as it involves the vibration of the 

layer hydroxyl groups, as well as the stretching mode of interlayer 

water molecules. Hydrogen bonding between the water molecules 

and the interlayer anions also accounts for the broadening of this 

band. The bending mode of water gives rise to a rather weak band 

around 1625-1643 cm-1 [21-22]. In FT-IR spectra of the 

Mg2AlCO3-LDH (Fig. 2), the IR absorptions due to the υ3 and υ4 

stretching vibrations of interlayer CO3
2- ions were recorded at 

1340-1370 and 1000-1020 cm-1. This is almost what is observed 

for every hydroxide irrespective of the nature of the octahedral 

sheets suggesting a rather symmetric environment for the interlay-

er anions [17], [18]. In the low frequency region, the adsorption 

peaks of the spectra corresponding to the lattice vibration modes 

are attributed to Mg-OH at 610-620 cm-1, Al-OH at 540-780 cm-1 

and O-Al-Mg-O at 440-550 cm-1. The presence of oxalate anions 

in the LDH precursor was confirmed by the presence of three 

bands between 1550 and 1365 cm-1 (Fig. 3), which could be as-

signed to the stretching modes of the carboxylate group. Further-

more, the moderately intense bands in the 820-960 and 440-650 

cm-1 range were typically attributed to the [O–C–O] stretching 

mode from the carboxylic acid (Coronado et al., 2010). In addi-

tion, the very strong absorption peak of the carbonate anions pre-

sent in Fig. 2 disappeared or decreased after the ion-exchanged 

reaction (Fig. 3). This supports the idea that C2O4
2- anions re-

placed the interlamellar CO3
2- anions, as the X-ray analysis previ-

ously showed. 

 

 
Fig. 2: FT-IR Spectrum of Mg2AlCO3-LDH. 

 

 
Fig. 3: FT-IR Spectrum of Mg2AlC2O4. 

3.1.3. Thermal analysis 

Despite the diversity in composition, most LDHs exhibit similar 

thermal decomposition behavior. When heated, LDH releases 

interlayer water up to 250 °C, followed by dehydroxylation of the 

hydroxide layers and decomposition of the interlayer anions at 

higher temperatures [22-23]. TGA, DTG and DTA curves of 

Mg2AlCO3-LDH are given in Fig. 4. The DTA curves of pristine 

LDH show three major endothermic peaks in the intervals be-

tween (150-250 °C), (250-450 °C) and (450-650 °C). Three major 

mass losses of Mg2AlCO3-LDH with corresponding peaks around 

122, 358, and 505°C on the DTG diagram were observed in Figure 

4c, which is consistent with the data reported in the literature [11]. 

The first step with a mass loss of (12 ± 1%) at 122 °C is mainly 

ascribable to the removal of water, probably physisorbed on the 

external surface of the particles, as well as water molecules from 
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the interlayer space. The second and third steps, between 250 and 

650 °C, are probably caused by both dehydroxylation of the hy-

droxide layers and expulsion of the intercalated carbonate anions. 

In some cases, the second peak splits into two peaks, the first of 

which corresponds to the loss of hydroxyl groups bound to Al, 

while the second of the split peaks represents the loss of hydroxyl 

groups bound to Mg together with decomposition of carbonate 

anions. No distinct mass loss can be observed on further calcina-

tions above 650 °C, implying that the metal oxides of Mg2AlCO3-

LDH can be produced above this temperature [10]. 

 

 
Fig. 4: (A) Differential Thermal Analysis (DTA) (Blue-Line), (B) 

Thermogravimetric Analysis (TGA) (Black Line) and (C) Derivative 
Weight (DTG) (Red-Line) Curves Performed under N2 Atmosphere of 

Mg2AlCO3-LDH. 

3.2. Adsorption properties of the pristine and modified 

LDHs 

Fig.5 presents the adsorption capacity of the pristine and modified 

LDH obtained at pH 5 after addition of 5 mg of each synthesized 

material in 25 ml of 2100 mg/L nickel (II), and the mixture stirred 

for 15 min. Each adsorption capacity experiment was carried out 

in triplicate, and the average was considered. 

 

 
Fig. 5: Adsorption Capacity of Mg2AlCO3-LDH (A) and Mg2AlC2O4-LDH 

(B). 

 

Under the same conditions, the adsorption capacity of 

Mg2AlC2O4-LDH (35%) is higher than that of the original LDH 

(23%). This is due to the expansion of the interlayer space of the 

former and the complexation of nickel ions by the oxalate ions [9], 

[14]. 

3.2.1. Effect of contact time 

The adsorption of nickel (II) by Mg2AlC2O4-LDH (Fig. 6) occurs 

in two steps: a fast stage which takes 20 min with 28% yield and a 

slow step which takes 30 min with only 26% yield. Thus the equi-

librium is reached after 50 min, contact time considered optimal 

for the subsequent experiments. 

 

 
Fig. 6: Effect of Contact Time on Ni2+ Removal: 5.0 Mg Mg2AlC2O4-

LDH; 25 Ml of 2100 Mg L-1 Ni2+; pH 5.0; Stirring Speed 150 Rpm, Ambi-

ent Temperature. 

3.2.2. Effect of pH on Ni (II) adsorption 

Fig. 7 shows the influence of pH on the adsorption of nickel ions. 

The low adsorption observed at pH 2 is due to the higher mobility 

of H+ ions, promoting H+ adsorption at the expense of nickel ions. 

The maximum adsorption observed in the pH range 4.5 - 6 might 

be due to partial hydrolysis of metal ions, resulting in the for-

mation of M (OH) + ions which would be adsorbed to a greater 

extent on the surface of the adsorbents compared to M2+ ions. At 

higher pH values (above 6), precipitation is dominant or both ion 

exchange and aqueous metal hydroxide formation may become 

significant mechanisms in the metal removal process. Thus, all 

subsequent sorption experiments in this study were conducted at 

pH 6.0. 

 

 
Fig. 7: Effect of pH on Ni2+ Removal: 5.0 Mg Mg2AlC2O4-LDH; 25 Ml of 

2100 Mg L-1 Ni2+; Contact Time 50 Min; Stirring Speed 150 Rpm; Ambi-

ent Temperature. 

3.2.3. Effect of adsorbent dosage 

It appears on Fig. 8 that for an adsorbent mass between 5 and 35 

mg, the adsorption percentage increases with increasing adsorbent 

dosage from 25 to 91%. Indeed, with an increase in the adsorbent 

dosage, more adsorbent surface is available for the adsorbate. On 

the other hand, the increase of adsorbent dose leads to the increase 

of oxalate ions amount and therefore, to an increased complexa-

tion of the adsorbate by the adsorbent, which ameliorates the per-

centage removal. However, the adsorption percentage becomes 

almost constant after addition of 20 mg of adsorbent. This result 

suggest that after a certain dose of adsorbent, the adsorption of 

metal ion reaches maximum and hence the amount of ions bound 

on the adsorbent site and the amount of free ions in the solution 

remain constant with further increase in the adsorbent dose [24]. 
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Fig. 8: Effect of Adsorbent Dosage (Mg2AlC2O4-LDH) on Ni2+ Removal: 

25 Ml of 2100 Mg L-1 Ni2+; pH = 6.0; Contact Time 50 Min; Stirring 

Speed 150 Rpm; Ambient Temperature. 

3.2.4. Effect of initial metal ion concentration 

Fig. 9 shows the effect of initial metal ion concentration on Ni2+ 

removal: the adsorption of Ni (II) decreases from 55% to 21% 

with increase in metal concentration from 800 to 3200 mg L-1. So, 

at lower concentrations, the synthesized Mg2AlC2O4-LDH materi-

al is able to remove large amounts of Ni2+ from solution. At higher 

concentration, most of the Ni (II) are left unabsorbed due to the 

saturation of adsorption sites and the lack of sufficient surface area 

to accommodate much more metal available in solution. 

 

 
Fig. 9: Effect of Initial Metal Ion Concentration on Ni2+ Removal: 5 Mg 

Mg2AlC2O4-LDH; pH = 6.0, Contact Time = 50 Min, Stirring Speed = 150 

Rpm, Ambient Temperature. 

3.3. Determination of adsorption isotherms 

Adsorption isotherms of nickel (II) ions on the modified LDH are 

shown in Fig. 10. Linear plots of Langmuir and Freundlich iso-

therms are shown in Fig. 13 and 14. The values of Langmuir and 

Freundlich constants are reported in Table 1. 

 

 
Fig. 10: Adsorption Isotherms of Ni2+ on 5 Mg Mg2AlC2O4-LDH: pH 6.0, 

Contact Time 50 Min; Stirring Speed 150 Rpm, Ambient Temperature. 

 

 
Fig. 11: Linear Plot of Langmuir Model: 5 Mg Mg2AlC2O4-LDH: pH 6.0, 
Contact Time 50 Min; Stirring Speed 150 Rpm, Ambient Temperature. 

 

 
Fig. 12: Linear Plot of Freundlich Model: 5 Mg Mg2AlC2O4-LDH, pH 6.0, 

Contact Time 50 Min, Stirring Speed 150 Rpm, Ambient Temperature. 

 
Table 1: Isotherm Constants and Correlation Coefficients for Freundlich 

and Langmuir Models 

Isotherm 

models 
Freundlich Langmuir 

Parameters KF 1/n R2 
KL 

(L/mg) 

Qm 

(mg/g) 
R2 

Mg2AlC2O4-

LDH 
308.940 0.20055 0.809 9.749 1310 0.992 

 

The Langmuir model (Fig. 11) best describes the adsorption of 

nickel by Mg2AlC2O4-LDH (R2 = 0.992). The maximum adsorp-

tion capacity Qm is quite high (1310 mg/g, Table 1), proof that the 

modified LDH has a high capacity to adsorb nickel (II) ions. Also, 

the value of KL which represents the energy of adsorption can also 

be considered as high, indicating that the adsorbent and the ad-

sorbate form relatively stable attachments to each other [25]. As 

the Langmuir isotherm fits the experimental data very well, the 
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distribution of active sites on the adsorbent surface is homogene-

ous, reflecting the monolayer coverage of nickel (II) ions on its 

outer surface [26]. 

3.4. Kinetic modeling of Ni (II) adsorption  

Adsorption kinetics of metal transport onto an adsorbent can be 

controlled by several independent processes. These are (i) bulk 

diffusion (ii) external mass transfer (film diffusion) (iii) chemical 

reaction (chemisorption) and (iv) inter-particle diffusion. These 

processes can act in series or parallel to account for the surface 

transport of a metal into an adsorbent [27]. The pseudo first-order 

and pseudo-second order kinetic models, and the Elovich model 

were enlisted to assess the nickel (II) adsorption mode (Figs. 13, 

14, 15). Characteristic parameters of each kinetic model are given 

in Table 2. 

 

 
Fig. 13: Linear Pseudo-First Order Kinetic Model: 2100 Mg/L Ni2+, pH = 

6.0, Stirring Speed 150 Rpm, Ambient Temperature. 

 
Table 2: Kinetic Data of the Sorption of Nickel (II) on Mg2AlC2O4-LDH 

Adsorbent Mg2AlC2O4-LDH 

C0 en mg.L-1 2100 

pseudo first-order 

K1.min-1 0.0493 

Qe (mg.g-1) 790.16 

R2 0.621 

pseudo-second-order 

10-3K2 (g.min-1mg-1) 0.08493 

10-2 Qe (mg.g-1) 14.37242 

R2 0.992 
103 h 0.17544 

Elovich 

α (mg.g-1.min-1) 2.28206 x 103 

β (g.mg-1) 0.00556 
R2 0.860 

 

 
Fig. 14: Linear Pseudo-Second Order Kinetic Model: 2100 Mg/L Ni2+, pH 

= 6.0, Stirring Speed = 150 Rpm, Ambient Temperature. 

 

 
Fig. 15: Linear Elovich Kinetic Model: 2100 Mg/L Ni2+, pH = 6.0, Stirring 
Speed = 150 Rpm, Ambient Temperature. 

 

The adsorption of Ni2+ ions by modified LDH follows the pseudo-

second order kinetic model (R2 = 0.992, Fig. 13). Consequently, 

chemisorption is the rate-limiting step.  

4. Conclusion 

In this study, two lamellar double hydroxides Mg2AlCO3-LDH 

and Mg2AlC2O4-LDH were successfully synthesized through co-

precipitation and anion exchange methods. These materials were 

characterized by X-ray diffraction, FT-IR spectroscopy and ther-

mal analysis. LDH intercalated with oxalate ions was then applied 

to the adsorption of Ni (II). Optimization of adsorption parameters 

led to the following conclusions: the adsorption rate decreased 

with increase in initial metal ion concentration while it increased 

with increase in adsorbent dose; nickel removal is maximum 

(1310 mg/g) at pH 6.0 after 50 minutes of stirring at the rate of 

150 rpm. Adsorption follows Langmuir model and pseudo-second 

order kinetic model. The interest of this study is that, the LDH 

intercalated by oxalate ions can be applied to the removal of many 

other heavy metals in solution. 
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