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Effect of Ni content over Ni-Mg-Al hydrotalcite structure 

ABSTRACT 

Hydrotalcite powder materials have well demanded applications in various fields. The Ni-Mg-Al 
hydrotalcite materials are prepared through co-precipitation method by varying the Ni amounts. 
The Ni ratios of 0.1, 0.2, 0.3 and 0.4 results the materials of Ni0.1Mg0.60Al0.34, Ni0.2Mg0.60Al0.34, 
Ni0.3Mg0.40Al0.34, Ni0.4Mg0.30Al0.34 are obtained at pH of 9.3.  The calcined hydrotalcite materials are 
analyzed through BET, XRD and SEM. The observations are well in correlation between the 
materials. Increase in Ni amount of 0.2 leads the optimum level of loading in hydrotalcite structure 
which may lead the inter-layer platelets spacing and reduces the surface area. 
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1. INTRODUCTION 

Hydrotalcite (HT) synthetic materials are known 
as layered double hydroxides. HT powdered 
materials are having wide range of real time 
applications in pharmaceuticals, as a catalyst, 
polymer-composite materials, absorbents, impu-
rities removal, wastewater treatment, polymers, 
building materials and many more [1-3]. HT layered 
structures may also help in combination of different 
metal ions, which is useful active site for a material 
as catalyst. HT materials are used to maintain pH 
value of the substance, therefore, used in 
cosmetic, pharmacy and beauty products. The 
applications are raising the demand of high grade 
hydrotalcite materials with low cost and simple 
production methods. HT materials are clay-type 
consist of anions with the formula of M1-

X2+Mx3+(OH)(2An-)x/n.yH2O. The transition metals 
are comparable with Mg

2+
, Ni

2+
, Zn

2+
, Cu

2+
, Co

2+
, 

Al
3+

, Fe
3+ 

and Cr
3+

 due to their ionic radius of 
around 0.5 - 0.8 Å [4]. The layers may charge 
positively by the substitution of metal ions of M

3+
 for 

M
2+

. The HT materials are effectively synthesized 
using methods like hydrothermal, urea reduction 
method and microwave process. Among all 
methods the co-precipitation method is versatile, 
cost effective and simple to practice with 
parameters like controlled pH and controlled 
temperature [5-7].  
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The precipitation method is highly tunable with 
respect to metal composition and perfect metal 
distribution is possible. Takehira et al. [8] prepared 
Ni-Mg-Al hydrotalcite using EDTA

4−
 ligands with 

pre-complexation are found highly stable catalytic 
activity of dry reforming of methane. The Ni-Mg-Al 
with EDTA

4−
 ligands provides the stability in 

conversion of methane and produced the effective 
production of syngas. Takehira [9] prepared 
selective replacement of Ni with Mg over Mg-Al 
hydrotalcite using low pH to form egg shell-type 
particles by memory-effect. Baltes et. al. [10] 
prepared the Cu/ZnO/Al2O3 by altering the 
synthesis parameters like pH of 6-8 and 70

0
C 

temperature for methanol production. 

The aim of this article was given optimal 
preparation for preparation Ni-Mg-Al hydrotalcite 
with the modification of synthesis metal 
composition by varying the Ni amount over Mg-Al 
hydrotalcite with keeping constant pH, precipitating 
agent and temperature. The hydrotalcite material is 
characterized by XRD, BET, SEM to correlate the 
effect of Ni amount on crystallinity, surface area 
and crystal morphology. 

2. EXPERIMENTAL  

2.1. Chemical Reagents 

All the chemical reagents are received from 
Sigma Aldrich-India with the purity of 99%. The 

analytical grade of Ni(NO3)2·6H2O, Mg(NO3)2· 
·6H2O, Al(NO3)3·9H2O, Na2CO3, NaOH sodium 

dodecylbenzenesulfonate were used for synthesis 
of hydrotalcite powdered materials. 

http://www.idk.org.rs/journal
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2.2. Synthesis of Hydrotalcite Powdered Material 

The hydrotalcite powdered materials were 
synthesized through co-precipitation of chemical 
reagents with stoichiometric molar ratios. The 
metal precursors are dissolved for clear solution. 
The Metal

II 
ion (Ni-Mg) with Metal

III
 (Al) ratios in the 

formula of NiХMg0.70-ХAl0.34 (OH)2(CO3)0.19.mH2O 
was varying the Х amount (Ni) = 0.1, 0.2, 0.3 and 
0.4 were synthesized. The precipitating agents with 
molar ratios are prepared in standard flask for 
effective co-precipitation. The pH, temperature of 
the super-saturation solution is strictly monitored 
for homogeneous precipitation.  In all ratios 
precipitating agent is kept common by varying the 
metal salt (Ni) as shown in flow chart in Fig.1 and 
Table 1. All the samples were aged for 4 hours of 
continuous stirring at pH of 9.3. The precipitate was 
dried in hot air oven for 24 hours at 120 °C. The 
dried cake was grinded to fine powder before 
calcination.  The resulted samples are denoted as 
Ni0.1Mg0.60Al0.34, Ni0.2Mg0.60Al0.34, Ni0.3Mg0.40Al0.34, 

Ni0.4Mg0.30Al0.34. The powdered hydrotalcite 
materials are fired in air at 600 °C for 2 hours and 
stored in desiccator for characterization.  

 

Figure 1. Flow chart of hydrotalcite synthesis by 
Co-precipitation method 

2.3. Characterization of powdered hydrotalcite ma-
terials 

The synthesis parameters are the empirical 
and reviewed for critical change in physical 
characteristics like crystallinity, phases purity, 
surface area, pore volume, crystal morphology, 
particle size as per our earlier experimental articles 
[11-13]. Many researchers are still optimizing the 
synthesis parameters for desired crystal size. Kühl 
et al. [7,8] screened the Cu/ZnAlOx hydrotalcite for 
phase purity and pore volume using XRD and BET 
analysis with prior to catalytically application.  
Baltes et al. [10] characterized the Cu/ZnO/Al2O3 
catalysts with XRD for precipitate phases and 
dispersion of Cu metal and surface area to 
evaluate the synthesis parameters. They found 
correlations between the synthesis parameters are 

directly proportional to physical characteristics like 
crystallinity and surface area and metal dispersion 
and even the catalytic performance. 

3. RESULTS AND DISCUSSION 

3.1. Brunauer-Emmett-Teller (BET) analysis obser-
vations 

BET was performed over Ni0.1Mg0.60Al0.34, 

Ni0.2Mg0.60Al0.34, Ni0.3Mg0.40Al0.34, Ni0. 4Mg0.30Al0.34   HT 
materials and result are expedited in Table 1. The 
prepared samples are found to be improved with 
surface area, pore volume and pore cross section. 
The results obtained for Ni0.1Mg0.60Al0.34 are very 
pleasant, with surface area as high as 53.01 m

2
/g, 

pore volume is 6.521 CC/g. Ni0.2Mg0.60Al0.34 gives 
surface area 55.243 and pore volume 7.009CC/g. 
Ni0.3Mg0.40Al0.34 surface area is 42.84 m

2
/g and pore 

volume 5.378 CC/g. Ni0.4Mg0.30Al0.34  material gives 
surface area 38.58 m

2
/g with pore volume  2.805 

CC/g. Compared to all the amounts of Ni loading 
Ni0.2Mg0.60Al0.34 found highest surface area and 
pore volume is due to the weight loss and to 
reduction of platelets [14]. The pore volume and 
surface area decreasing with respective of amount 
of Ni loading in replacement of Mg

2+
 structure may 

have affected by platelets space between the 
average inter-particles. 

3. 2. Analysis of XRD reflections 

HTs materials prepared through co-
precipitation of Ni0.1Mg0.60Al0.34, Ni0.2Mg0.60Al0.34, 

Ni0.3Mg0.40Al0.34, Ni0.4Mg0.30Al0.34 are examined by 
XRD reflections. The range of crystal diffraction are 
between 2 θ to 80 θ was observed. All materials 
are shown in Fig. 2 and not found any other crystal 
phases, either formation of by-product reflections 
are not observed. The conformation of hydrotalcite 
structure of peaks are observed at 26° (006), 37° 
represent the phase (111), 43-47° represent the 
phase (200), 62-63° represent the phase (220) 
respectively. The sharp, intense peaks confirm the 
highly crystalline and crystal are in small sizes. The 
peaks intensity decreases with increasing the Ni 
loading from Ni0.1 to Ni0.4. The solid solutions 
formation reflects the phase of NiO, MgO, NiAl2O4, 
MgAl2O4. The peak at 47 θ° represent the NiO 
phase [47-1049], 63 θ° MgO phase [65-0476], at 
74 θ° Mg2O4 phase [74-1132] respectively. XRD 
analysis reflects high intensity of the peaks over 
Ni0.2Mg0.60 Al0.34 with comparison of Ni0.1Mg0.60Al0.34, 

Ni0.3Mg0.40Al0.34, Ni0. 4Mg0.30Al0.34   HT materials. 
Martínez et al. [15] observed Ni particles size of 10 
nm of Ni-Al-La. Juan-Juan et al. [16] reported 
various pre-treatment methods for optimising Ni 
particles sizes of 6.3 and 7.8 nm over Ni/Al2O3. 
Takehira et. al. [8,9] and Perez-Lopez et al. [21], 
reported the various synthesis parameter to 
achieve the hydrotalcite structure of Ni/MgO/Al2O3. 
The Table 1 depicts through reflections by peak-
width analysis of full width half maximum (FWHM) 
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provides the 11–16 nm scale of NiO particles of 
Ni0.1Mg0.60Al0.34, Ni0.2Mg0.60Al0.34, Ni0.3Mg0.40Al0.34, 

Ni0.4Mg0.30Al0.34 HT materials. Indeed, the 

preparation of a series of hydrotalcite with different 
Ni loading may influence the structural change and 
physio-chemical properties [18]. 

 

Figure 2. XRD patterns of hydrotalcite powered materials, (a) Ni0.1Mg0.60Al0.34,  

(b) Ni0.2Mg0.60Al0.34, (c) Ni0.3Mg0.40Al0.34, (d) Ni0.4Mg0.30Al0.34 

 

Figure 3. SEM images of hydrotalcite powered materials, (a) Ni0.1Mg0.60Al0.34,  
(b) Ni0.2Mg0.60Al0.34, (c) Ni0.3Mg0.40Al0.34, (d) Ni0.4Mg0.30Al0.34 

(a) (b) 

(c) (d) 
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Table 1. Physicochemical Properties of the Ni-Mg-Al Hydrotalcite materials 

HT Composition 
Surface Area 

m
2
/g

[a]
 

Total Pore Volume 
CC/g

[b]
 

Cross Section 

Area
[c]

 

NiO Particle size 
m

2
/g

[d]
 

Ni0.1Mg0.60 Al0.34 53.01 6.521 11.2 A  11.7 

Ni0.2Mg0.60 Al0.34 55.43 7.009 16.2 A  11.5 

Ni0.3Mg0.40 Al0.34 42.84 5.378 9.4  A  14.8 

Ni0.4Mg0.30 Al0.34 38.58 2.805 5.1 A  16.3 

[a], [b], [c] - Received from BET analysis; [d] - Calculated from peak full width half maximum (FWHM) through Origin software. 
 

3.3. Morphology observations from SEM analysis 

The morphology of all the samples are 

crystalline and platelet like structure. Fig. 3 of the 

Ni0.1Mg0.60Al0.34, Ni0.2Mg0.60Al0.34, Ni0.3Mg0.40Al0.34, 
Ni0.4Mg0.30Al0.34 HT materials morphology is 

significantly clear by crystal edges. Compared to 

other Ni amounts (0.1, 0.3, 0.4), the Ni amount of 

0.2 (Ni0.2Mg0.60Al0.34) shows the definite stacked 

brucite-like sheets with hexagonal structure.   XRD 

reflections of Ni0.2Mg0.60Al0.34 also confirm the low 

particle size (Table 1). Whereas good argument 

with the result of surface area of the material 

Ni0.2Mg0.60Al0.34 is found to be highest (55.423 m
2
/g) 

among the all HT powered materials [19-22]. 

4. CONCLUSION 

Hydrotalcite powered materials are having 

significant industrial applications. The requirement 

of highly crystalline hydrotalcite material with low 

cost is the quest. This article was aimed to prepare 

Ni-Mg-Al hydrotalcite material by varying the Ni 

amounts.  The hydrotalcite materials are prepared 

Ni0.1Mg0.60Al0.34, Ni0.2Mg0.60Al0.34, Ni0.3Mg0.40Al0.34, 
Ni0.4Mg0.30Al0.34 through co-precipitation method.  

The precursors are precipitated with Na2CO3, 

NaOH at pH of 9.3 followed by drying and 

calcination. The materials Ni0.1Mg0.60Al0.34, 
Ni0.2Mg0.60Al0.34, Ni0.3Mg0.40Al0.34, Ni0.4Mg0.30Al0.34 are 

obtained. The BET analysis provides the potential 

surface area and pore volume of all the HT 

materials. The XRD analysis has significant 

insights of the synthesized materials as phase 

purity of hydrotalcite structure confirmation. The 

SEM analysis confirms the brucite layered 

structure. Compared to all, the Ni0.2Mg0.60Al0.34 

shown highest surface area and lowest particle 

size. 
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IZVOD 

UTICAJ SADRŽAJA Ni NA STRUKTURU Ni-Mg-Al HIDROTALCITA 

Hidrotalcitni praškasti materijali imaju veoma traženu primenu u različitim oblastima. Ni-Mg-Al 
hidrotalcitni materijali se pripremaju metodom ko-precipitacije variranjem količine Ni. Odnosi Ni od 
0,1, 0,2, 0,3 i 0,4 rezultiraju da su materijali Ni0.1Mg0.60Al0.34, Ni0.2Mg0.60Al0.34, 
Ni0.3Mg0.40Al0.34, Ni0.4Mg0.30Al0.34 dobijeni pri pH od 9.3.  Kalcinisani hidrotalcitni materijali 
se analiziraju putem BET, XRD i SEM. Zapažanja su u dobroj korelaciji između materijala. 
 ove anje količine Ni od 0,2 dovodi do optimalnog nivoa optere enja u strukturi hidrotalcita što 
može dovesti do međuslojnog razmaka trombocita i smanjenja površine. 
Ključne reči: hidrotalcitni materijali; sinthesis; nickel; karakterizacija. 
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