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Hydrotalcite, layered double hydroxides (LDH), with hexagonal morphology has been rapidly synthesized by 
microwave reaction within 1 hour by urea hydrolysis from homogeneous solution. Different synthesis 
parameters, Mg/Al molar ratio, microwave reaction temperature and microwave power were systematically 
investigated. Pure hydrotalcite phase was obtained for Mg/Al ratios of 2:1 and 3:1, and higher reaction 
temperature gave higher crystallinity. The hydrotalcite synthesized at 600W power shows the highest 
crystallinity and more homogeneous crystal size distribution. The hydrotalcite samples were characterized by 
powder X-ray diffraction (XRD), simultaneous thermogravimetric/differential thermal analysis (TG/DTA), 
Fourier Transform Infrared (FT-IR) and Scanning electron micrograph (SEM).
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Introduction

Recently, a great deal of attention has been paid for the 
preparation of hydrotalacites and hydrotalacite-like materials, 
because of their potential applications in the adsorption and 
separation process, as anion exchangers, as catalysts or 
catalyst precursors, acid residue scavengers, flame retardants 
and stabilizers for polymers, as well as for applications in 
the medical field as antacids, antipeptides and stabilizers? 
In general, hydrotalacites are also known as anionic clays 
or layered double hydroxides (LDH). These compounds 
are often denoted as [M(II)i_xM(III)x(OH)2](Ax/—)・mH2。 

Wherein, M(II) represents the divalent cations such as Mg저; 

Fe2+, Ni岂 Cu2+, Co2+, Mn2+, Zn2+ or Cd弋 M(III) denotes 
the trivalent cations like Al”, Ci저; Ga3+ or Fe3+, An- is the 
compensating anions (CO『L C匚 NO厂，organic
anions), and m is the content of co-intercalated water? The 
value of x is normally between 0.17 and 033 but there is no 
limitation. However, pure phases only exist for 0.2 < x < 
033. For x values not in this range compounds with different 
structures are obtained. The 마ructure of LDH can be 
explained by considering structure of brucite Mg(OH)2, 
which consists of Mg24" ions coordinated octahedrally by 
hydroxyl groups. In an LDH, isomorphous replacement of a 
任action of the Mg24" ions with a trivalent cation such as Al3+ 
results a positive charge on the layers, which necessitates the 
presence of interlayer charge balancing anions. These M저7 
M3+(OH)6 octahedral form two-dimensional sheets via edge 
sharing and may stack together by hydrogen bonding 
between the hydroxyl groups of adjacent sheets?

In all the applications of hydrotalcite, surface and porosity 
properties of the materials are of great importance for 
technological performances/ Several solution synthetic 
methods have been developed for the synthesis of LDH, to 
tune their structural and textural properties, such as copre-
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cipitation by alkaline solution at various or constant pH 
either in water or in water/organic solvent mixtures,3-7 sol
gel route starting from metal alkoxides or acetylacetonate 
precursors in ethanol<9 and coprecipitation by thermal 
hydrolysis of urea as a retardant precipitating agent?0?11 This 
urea hydrolysis method allows the separation of nucleation 
and crystal growth steps during the formation of particles 
and fevors materials with a higher crystallinity degree. 
Crystallite size and secondary particle morphology may then 
be tailored by slight modifications of the synthesis condi
tions, such as the precipitation rate or the nature of the 
reaction medium?

Microwave irradiation has been applied for the rapid 
synthesis of inorganic solids and organic synthetic reac
tions?2 Application of a microwave technique to the con
ventional hydrothermal process is gaining importance, 
especially, in the synthesis of nanoporous materials?3 Our 
group has used microwave method for the synthesis of 
nanoporous materials such as ZSM-5, TS-1? A1PO, MCM
41, SBA-15 and SBA-16?4-16 It offers many advantages over 
the conventional hydrothermal synthesis, such as rapid and 
homogeneous heating throughout the reaction vessel, the 
possibility of selective heating of desired materials, homo
geneous nucleation, and short crystallization time「지 & We 
also have found that this technique can provide an efficient 
way to control particle size distribution and macroscopic 
morphology of nanostructured materials?9 More specifi
cally, in the case of Mg/Al LDHs, Fetter et al.2()^ have 
found that microwave irradiation of the coprecipitated gel 
allows well-crystallized and pure hydrotalcite-like phases to 
be obtained, and the ageing time can be reduced from 18-24 
h to 2-10 min. Moreover, these authors have found that 
hydrotalcites obtained by this method present smaller 
crystallite sizes and higher specific surfece areas than 
conventional samples, synthesized aging of the gels at 423 K 
for 24 h. However, the hydrotalcite samples prepared via this 
method showed poor morphology.
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In this study, we combined the urea hydrolysis and micro
wave irradiations to rapid synthesize the well-crystallized 
hydrotalcite with good hexagonal morphology. To the best 
of our known, there has been no report on the microwave 
synthesis of hydrotalcite materials by urea hydrolysis. 
However, to control this synthesis procedure, the effect of 
the various parameters, which determine the synthesis, have 
to be studied. The understanding of those parameters should 
provide a control on the structural and morphological 
characteristics of these materials. Different synthesis para
meters were investigated such as Mg/Al mole ratio, micro
wave power and reaction temperature.

Experimental

Hydrotalcite samples synthesis. Mg/Al hydrotalcites 
with different Mg/Al molar ratios of 1.0, 2.0, 3.0 and 4.0 
were prepared by microwave synthesis from homogeneous 
solutions of Mg(NO3)2,6H?O> A1(NO3)3,9H?O and urea. The 
samples were designated as MglAl, Mg2Al, Mg3Al and 
Mg4Al, respectively. The numbers indicate the Mg/Al molar 
ratio. All the chemicals were from Aldrich with Analar 
grade and used as received. The required amounts of reac
tants viz. Mg(NO3)2,6H?O> A1(NO3)3,9H?O and urea were 
dissolved in 60 mL of deionized water and the solution was 
transferred to microwave autoclave (MARS, microwave 
accelerated reaction system). The concentration of (Mg2* + 
Al") was kept at 0.1 mol/1 and the molar ratio of urea/(Mg저 

+ Al가) is 2. The solution was treated at 120 °C for 1 hour by 
microwave irradiation and the power was 300 W. At 120 °C 
urea will hydrolysis to provide the alkaline condition and 
release carbonate anion. Urea hydrolysis procedure is listed 
as bellows:

H2NCONH2 —> NH4+ + NCO"

NCO" + 2H2O —> CO32- + NH4+

NCO" + 2H2O + 2H+ —>H2CO3 + NH?

After synthesis, the precipitate was filtered and washed with 
deionized water to get neutral pH, The white filtered solid 
was dried overnight in oven at 100 °C. The sample Mg/Al = 
2 was microwave treated at 120 °C with powers of 300,600 
and 1200 W fbr 1 h to inve아igate the microwave power 
effect. It was also treated at different temperatures (100 °C, 
120 °C, 140 °C, and 160 °C) to inve아igate the effect of 
temperature.

Characterization. Powder X-ray diffraction (XRD) 
patterns of the samples were obtained using Rigaku Mini 
Flex diffractometer having Cu Ka radiation (40 kV 30 mA). 
The samples were scanned for 2。values ranging from 5 to 
70°. TG-DTA thermograms were recorded on Perkin-Elmer 
TGA 7 thermal analysers in the temperature range from 30 
to 800 °C at a heating rate of 10 °C/min in nitrogen 
atmosphere. Scanning electron micrograph (SEM) images 
were obtained using Hitachi Scanning Electron Microscope 
(Model S-4200).

FT-IR spectra were recorded on Bio-RAD FTS 135 C 
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spectrometer in the wavelength range of 400-4000 cm-1 at 2 
cm-1 resolution.

Results and Discussion

Mg/Al molar ratio. Figure 1 shows the XRD patterns of 
microwave synthesized hydrotalcite samples with different 
Mg/Al molar ratio. The sharp peak (003) indicates the 
formation of highly crystalline materials. Indexing of the 
diffraction peaks was done using standard JCPDS file. The 
reflections were indexed in a hexagonal lattice with an R3m 
rhombohedral symmetry. The parameter a of LDH corre
sponding to the cation-cation distance within the brucite-like 
layer and can be calculated by。= 2 x dllO. On the other 
hand, the c parameter is related to the thickness of the 
brucite-like layer and the interlayer distance and can be 
obtained from c = 3 x d003. The results are shown in table 1. 
For Mg/Al ratio of 1:1, the Mg-Al Hydrotalcite(HT) formed 
a mixture of HT-like phase and boehmite (A1OOH). Pure 
hydrotalcite phase was obtained for Mg/Al ratios of 2:1 and 
3:1 while a mixture of a HT-like phase and Mg5(COs)3- 
(OH)i3 xH?O (determined by JCPDS file) was obtained for 
Mg/Al ratio of 4:1. Excess Al and Mg present in the experi
mental solution may undergo side reactions in presence of 
excess urea, leading to the formation of impurities other than 
the hydrotalcites.

Microwave power effect To study the microwave power 
effect the samples with a ratio of Mg/Al = 2 were chosen.

Figure 1. Powder XRD patterns of microwave synthesized hydro
talcites with different Mg/Al molar ratio.

Table 1. Lattice parameters and crystallite phase of microwave 
synthesized hydrotalcite samples by urea hydrolysis

x is the molar ratio of Al/[A1+Mg], c parameter is related to the thickness 
of the brucite-like layer and the ime깐ayes distance, a parameter is 
corresponding to the cation-cation distance within the brucite-like layer.

Sample X c(A) a (A) Crystallite phase
MgiAl 0.50 22.557 3.044 LDH, A1OOH
Mg?Al 0.33 22.788 3.052 LDH
MgsAl 0.25 22.482 3.048 LDH
MgiAl 0.20 22.635 3.046 LDH, Mg5(CO3)3(OH)i3-xH2O
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Figure 2. Powder XRD patterns of microwave synthesized hydro
talcites under different power.

The hydrotalcite samples were synthesized at 120 °C with 
microwave powers of 300,600 and 1200 W for 1 h. Powder 
X-ray diffraction patterns presented in Figure 2 show that 
well crystallized hydrotalcite-like compounds are obtained, 
no other compounds are identified. As the interplanar 
distance 003 is ca. 7.596 A, the intercalated anions are 
expected to be carbonate. Because for the nitrate intercalated 
hydrotalcite, the interplanar distance 003 is supposed to be 
9.03 A. So from XRD result we can know that the inter
calated anion is not nitrate but carbonate. The hydrotalcite 
synthesized at 600 W power shows the highest crystallinity. 
The particle morphology obtained by SEM is compared in 
Figure 3. All samples show the good hexagonal morpho
logies. As the microwave irradiation power increase the 
particle size increase. In the 1200 W irradiation sample, 
large crystal size (> 3 //m) is present. If the power is 600 W 
the crystal size distribution and the shape become more 
homogeneous.

Temperature effect The XRD patterns of the samples 
prepared at different temperatures (120,140, and 160 °C) for 
1 hour under 300 W power are show in Figure 4. All the 
samples exhibit well-crystallized hydrotalcites 아mctures 
with intense and well-defined peaks. With the increase of 
synthesis temperature the crystallinities of microwave 
synthesized samples increase obviously.

TG-DTA analysis* Figure 5 아lows the TG-DTA curves of 
microwave synthesized hydrotalcits (Mg2Al and Mg3Al). 

Figure 4. Powder XRD patterns of microwave synthesized hydro
talcites 냖莒der different reaction temperature.

The TG-DTA curves of both samples may be divided into 
two well-differentiated main regions. In the fir아 one, 
ranging from 80 to 250 °C there is an endothermic peak 
related to the dehydration of the sample. The second region, 
ranging from 260 to 600 °C corresponds to the weight loss 
due to the dehydroxylation and de-carbonation reactions.11 
From XRD results we can know that there is no nitrate anion 
in the interlayer space. Only CO『—-LDH was obtained after 
microwave synthesis. So there is no de-nitration reactions.

FT-IR spectra. Figure 6 displays the infrared spectra of 
the Mgl Al, Mg2Al, Mg3Al, and Mg4Al hydrotalcites in the 
region 400-4000 cm-1. The high frequency region shows a 
broad peak at about 3450 cm-1 fbr all samples. This broad 
peak due to OH stretching of hydrogen-bonded hydroxyl 
groups and H?O are skewed on the right-hand side and have 
a net shoulder at 3060 cm-1 due to hydrogen bonding 
between H?O and interlayer carbonate anions.22

In the lower frequencies, the peak at 1637 cm-1 in all the 
samples can be attributed to the bending mode of interlayer 
water. The main absorption band of the carbonate anions 
was observed at 1370 cm-1 (t>3). With decrease in concen
tration of Al in the hydrotalcites, this peak splits into double 
bands indicating a lowering of carbonate anion symmetry. 
This type of double band appearance fbr carbonate ion is a 
topic of considerable interest. It was reported that there 
exists some kind of interactions between the carbonate ions

Figure 3. SEM images of microwave synthesized hydrotalcites under different power (I: 300W, II: 600W, in： 1200W)
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Figure 5. TG-DTA. curves of microwave synthesized hydrotalcites (A. Mg2Al, B. Mg3Al).

Temperature (° C) Temperature (° C)

Figure 6. FT-IR spectra of microwave synthesized hydrotalcites 
under with different Mg/Al molar ratio (a: MglAl, b: Mg2Al, c: 
Mg3Al, d: Mg4Al).

Conclusion

Hydrotalcite with hexagonal morphology was successfully 
and rapidly synthesized by microwave reaction from homo
geneous system. The 아mctures of the hydrotalcite samples 
were identified by powder X-ray diffraction and FT-IR 
spectra. Pure hydrotalcite phase was obtained for Mg/Al 
molar ratio of 2:1 and 3:1. The hydrotalcite synthesized at 
600W power shows the highe아 cry아allinity and more 
homogeneous crystal size distribution. These samples which 
were synthesized at different temperatures reveal that as the 
increase of microwave reaction temperature the crystalli
nities of hydrotalcites increase.

References

and water molecules in the interlayer or cations from the 
layers causing a decrease in site symmetry.23 Disorder in the 
interlayer spacing has also been attributed to this obser
vation. It was also proposed that the site group splitting 
would result in the activation of the vibrational mode at 
about 1050 cm-1?4 This was found to be true fbr MglAl, 
Mg4Al but not fbr Mg2Al and Mg3AL The 아lift of ul mode 
towards higher wave number has been attributed to the 
decrease of trivalent cation in the brucite layer?5 The 
absence of a mode peak for Mg2Al and Mg3Al shows 
that the above assumption is justified. At the lower end ofIR 
spectrum, fbr a typical hydrotalcite one expects two bands 
around 680 and 880 cm-1 characteristic of and v2 modes 
of the interlayer carbonate group and another set of two 
bands around 553 and 760 cm-1 characteristic of translation 
modes of the hydroxyl groups influenced by the trivalent 
aluminium.23 The divalent metal content in the hydrotalcite 
structure influences the exact position of these bands. The 
d4 mode of carbonate ion appears as a shoulder at 680 cm-1 
in all the samples whereas the vl mode appears as a 
shoulder at 880 cm-1 fbr all the samples. The peak at 440 
cm-1 (0 O-M-O) characteristic of lattice vibrations of [Mg, 
Al] octahedral sheets evidences the crystallization of the 
LDH phase.1 The observed discrepancies were consistent 
with our XRD results.

1. Mariko, A.-P.; Claude, E; Jean-Pierre, B. J, Mater. Chem. 2003, 
13. 1988.

2. Cavani, F.; Trifiro, F.; Vaccari, A. Catal. Today 1991, 77, 173.
3. Velu, S.; Suzuki, K.; Osaki, T.; Ohashi, F.; Tomura, S. Materials 

Research Bulletin 1999,34,1707.
4. Prevot, V; Forano, C.; Besse, J. P. Chem. Mater. 2005,17,6695.
5. Defbntaine, G.; Michot, L. J.; Bihannic, L; Ghanbaja, J.; Brio is, V. 

Langmuir 2004,20,9834.
6. Defontaine, G.; Michot, L. J.; Bihannic, L; Ghanbaja, J.; Brio is, V. 

Langmuir 2^4,20,11213.
7. Gardner, E.; Huntoon, K. M.; Pinnavaia, T. J. Adv. Mater. 2001, 

13,1263.
8. Lopez, T.; Bosch, P.; Ramos, E.; Gomez, R.; Novaro, O.; Acosta, 

D.; Figueras, F. Langmuir 1996,12,189.
9. Prinetto, F.; Ghiotti, G; Graffin, P.; Tichit, D. Microporoiis 

Mesoporous Mater, 2000, 39,229.
10. Cai, H.; Hillier, A. C.; Franklin, K. R.; Nunn, C. C.; Ward, M. D. 

Science 1994,266,1551.
11. Costantino, U.; Mannottini, F.; Nochetti, M.; Vivani, R. Eur, J. 

Inorg. Chem. 1998,1439.
12. Mingos, D. M. P.; Ba아)urst, D. R. Chem. Soc. Rev. 1991,22,1.
13. Park, S.-E.; Chang, J.-S.; Hwang, Y K.; Kim, D. S.; Jhung, S. H.; 

Hwang, J. S. Catalysis Swveys fi-om Asia 2004, 8,91.
14. Park, S.-E.; Kim, D. S.; Chang, J.-S.; Kim, W. Y. Catal. Today

1998,材,301. '
15. Jin, T. H.; Hwang, J.-S.; Kim, Y H.; Hwang, Y K.; Jhung, S. H.; 

Chang, J.-S.; Park, S.-E. Bull, Korean Chem. Soc. 1999, 47, 
679.

16. Park, S.-E.; Kim, D. S.; Chang, J.-S.; Kim, W. Y Stud. Surf. Sci. 
Catal. 1998, 7/7,265.



Microwave Synthesis of Hydrotalcite by Urea Hydrolysis

17. Komiameni, S.; Roy, R.; Li, Q. H. Mater, Res, Bull, 1992, 27, 
1393.

18. Beck, J. S.; Vartuli, J. C.; Roth, W. J.; Leonowicz, M. E.; Kresge, 
C. T.; Schmitt, K. D.; Chu? C. T.-W.; Olson, D. H.; Sheppard, E. 
W.; McCullen, S. B.; Higgins, J. B.; Schlenker, J. L. J, Am. Chem, 
Soc, 1992,114, 10834.

19. Jhung, S. H.; Hwang, Y K.; Chang, J.-S.; Park, S.-E. Micropor, 
Mesopor, Mater, 2003, 64,33.

20. Fetter, G; Hernandez, F.; Maubert, A. M.; Lara, V. H.; Bosch, P. J. 
Porous Mat. 199" 27.

Bull. Korean Chem. Soc. 2007, Vol. 28, No. 11 2033

21. Fetter, G; Bosch, P.; Hernandez, F. A. Mater. Res. Soc. Symp.
Proc, 1997, 454,235. '

22. Titulaer, M. K.; Jansen, J. B. H.; Geus? J. W. Clays Clay Miner. 
1994,42,249.

23. Theo Kloprogge, J.; Frost, R. L. J, Solid State Chem, 1999, 146, 
506.

24. Hemandez-Moreno, M. J.; Ulibarri, M. A.; Rendon, J. L.; Sema, 
C. J. Phys, Chem, Miner, 1985,12, 34.

25. Kooli, F.; Kosuge, K.; Tsunashima, A. J. Solid State Chem. 1995, 
118,285.


