Ceramics-Silikáty 60 (2), 162-168 (2016)
journal webpage: www.ceramics-silikaty.cz

doi: 10.13168/cs.2016.0025

THE ROLE OF UREA ON THE HYDROTHERMAL SYNTHESIS OF
BOEHMITE NANOARCHITECTURES
ELHAM AMERI*, #MOZAFFAR ABDOLLAHIFAR**, MOHAMMAD REZA ZAMANI*, HOSAIN NEKOUEI***
*Department of Chemical Engineering, Shahreza Branch, Islamic Azad University, P.O. Box 311-86145, Shahreza, Iran
**Department of Chemical Engineering, College of Science, Kermanshah Branch,
Islamic Azad University, Kermanshah 67131, Iran
***Department of Chemical Engineering, Lamerd Branch,
Islamic Azad University, Lamerd 74311, Iran
#

E-mail: abdollahifar@gmail.com

Submitted October 31, 2015; accepted March 7, 2016
Keywords: Boehmite, Nanostructures, Chemical synthesis, Electron Microscopy, Urea
The AlOOH nanoarchitectures have been successfully synthesized via hydrothermal method. The effect of urea/nitrate molar
ratio 1, 2, and 4 were studied to obtain the various AlOOH nanoarchitectures. The products were characterized by XRD,
FT-IR, FESEM, and TEM techniques. The specific surface area of samples was determined by N2 adsorption-desorption
measurements. Our experiments showed that AlOOH nanoarchitectures have been formed in all three ratios of urea/nitrate
and the increase of urea/nitrate molar ratio from 1 to 2 then it favors for the formation of flowerlike AlOOH nanoarchitectures.
The microscope analysis revealed that the flowerlike AlOOH are composed of nano-layers.

Introduction
Since the discovery of carbon nanotubes [1] nanostructures and nanomaterials have attracted much
attention due to their remarkable mechanical, optical,
electronic and magnetic properties [2] and it is well
known, the development of materials with improved
applications depends not only on the compositions but
also on their morphologies [3]. On the other hand, the
synthesis of inorganic nanoscale materials with special
morphologies has been of great interest in recent years
because the intrinsic properties of nano scale materials
are mainly determined by their composition, structure,
crystallinity, size and morphology [4]. Various methods,
such as chemical vapour deposition [5], sol-gel process
[6], solvothermal [7], dry gel conversion [8], anodic oxidation [9], co-precipitation [10], hydrothermal [11-13],
sonochemistry [14], and combustion [15] were employed
for the preparation of nanostructures. Among these
synthesis methods the hydrothermal route has some distinct advantages such as the moderate condition and the
easy control of the solution components [18].
γ-Alumina is one of the most important oxides
which it’s can be obtained through the dehydration of
the boehmite form of γ-AlOOH at temperatures in
the range of 400 - 700°C. γ-Al2O3, which is obtained
commonly from boehmite by calcination at 500°C in
air [11,12], Also boehmite or aluminium oxide-hydroxide (AlOOH), is a versatile material employed in domains such as ceramics, surface coatings, morphology
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control, and pharmaceuticals [13, 19]. It is also an
important precursor of preparing alumina, which is
a low cost material most widely used as catalyst or
catalyst supports [15-17] because of its high surface
area, mesoporosity and surface acidity. Therefore, it is
crucial to control the shape and size on AlOOH materials before use. Aiming at this goal, well-defined
AlOOH nanostructures with various morphologies such
as nanopowders [20], nanorods and nanoflakes [11, 21],
nanofibers [22], nanobelts [23], hollow microspheres
[3], nanoarchitectures [12, 24-26, 34], cantaloupe-like
[27], microspheres [28] and three-Quarter-Sphere [29]
have been prepared via many methods and conditions.
Therefore, the method and conditions can be having an
important role in the synthesis of special AlOOH.
In this paper, we introduce a hydrothermal route
to synthesize AlOOH nanoarchitectures by the reaction
between aluminium nitrate as the aluminium source and
urea, as precipitating agent, and the effect of urea/nitrate
molar ratio (U/N ratio) on the characterization of samples
will be investigated which up to now, no publication has
been issued.
Experimental
The aluminium nitrate nonahydrate, Al(NO3)3∙9H2O
(Scharlau, Spain, extra pure) and urea, CO(NH2)2 (Scharlau, Spain, synthesis grade) were used without further
purification.
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AlOOH with layer/shell nanoarchitectures were
prepared using the hydrothermal method. In a typical
procedure, Al(NO3)3∙9H2O (18.75 g) was dissolved
into 100 ml of distilled water at room temperature in a
beaker and magnetically stirred to obtain a homogeneous
solution (A). Then 25 ml aqueous solution of urea (B)
was added to solution A, so that, the urea/nitrate molar
ratios (U/N ratio) were 1, 2 and 4. Magnetic stirring
(800 rpm) was maintained throughout the entire process
and lasted for 5 min. The final solutions were transferred
into a Teflon-lined stainless-steel autoclave of 200 ml
capacity. The autoclave was sealed and maintained at
200°C for 24 h, then cooled to room temperature and
a white precipitate was recovered. The products were
collected by centrifugation and washed with distilled
water several times. Finally, the samples were dried at
60°C for 24 h in air. Figure 1 shows schematic flow chart
for the preparation of AlOOH nanoarchitectures.

urea aqueous solution

Al(NO3)3 aqueous solution

Urea/Nitrate molar ratios are equal to 1 or 2 or 4

magnetic stirring and stirring for 10 minutes

autoclave (200 ml)

sealing and maintaining at 200 °C for 24 hours

analysis at -196°C were conducted using BEL SORP,
model MINI II-310, after the samples were degassed in a
vacuum at 125°C for 180 min. The specific surface areas
and pore volume were determined by the BET method,
and pore size distributions were investigated using BJH
method.
Results and Discussions
Figure 2 exhibits the effect of U/N ratio on the
FTIR spectrum of the AlOOH nanoarchitectures. For
AlOOH nanoarchitectures formed under U/N ratio of 1,
2 and 4, the FTIR spectra’s were similar regardless of the
difference in intensity peaks. There are three regions for
the samples, which are ascribed as follows.
At the region of 400 - 1250 cm−1 (I), well resolved
sharper bands were observed. As shown in Figure 2, for
the AlOOH nanoarchitectures, five strong bands at 486,
631, 750, 1082, and 1171 cm−1 were observed. The sharp
band at 486 cm−1 is assigned to the angle deformation
of O=A−(OH). The intensity of this band is stronger for
sample with U/N = 2. The (OH)−Al=O angle bending
results in the peak at 631 cm−1, and 750 cm−1 which is
attributed to the (AlO)−O−H angle bending. The sharp
peak at 1082 cm−1 and small shoulder at 1171 cm−1
are assigned to the (OH)−Al=O asymmetric stretching
vibrations and the O−H bending, respectively [29, 30].
At the region of 1250 - 2500 cm−1 (II), the peaks in this
region were relatively weaker as compared with the
other two regions regardless of the peak in 1385 cm−1.
The acute peak in 1385 cm−1 corresponds to the nitrate
anion, which was not thoroughly removed by washing.

cooling to room temperature
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The X-ray Powder diffraction patterns (XRD)
were recorded using BRUKER, model B8 ADVANCE,
with Ni-filtered CuKα radiation (λ = 1.54 Å), Fourier
transform infrared spectroscopy (FTIR) were performed
on RAYLEIGH, model WQF-510. Field emission
scanning electron microscopy (FESEM) images were
obtained on a HITACHI, model S-4160, Vacc = 25 kV.
Transmission electron microscopy (TEM) were taken
with a PHILIPS, model CM30 at an accelerating voltage
of 250 kV. The nitrogen adsorption-desorption isotherms

c)
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Figure 1.  Schematic flow chart for the preparation of AlOOH
nanoarchitectures synthesized via hydrothermal route.
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Figure 2.  The effect of U/N ratio on FTIR spectrums of AlOOH
nanoarchitectures; a) U/N = 1, b) U/N = 2, c) U/N = 4.
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Intensity (%)

As a comparison, the intensity of this band is stronger
for the synthesized sample with U/N = 4 as has not
been washed well. The weak band at 1640 cm−1can be
assigned to the stretching and bending modes of the
adsorbed water molecule, and this absorbance in the
spectra of AlOOH nanoarchitectures are very weak,
indicating a very small amount of physically adsorbed
water molecules. At the region of 2500 - 4000 cm−1
(III), the samples showed two broad and resolved bands
at 3099 and 3286 cm−1, which can be assigned to the
vas(Al)O–H and vs(Al)O–H stretching vibrations.
Figure 3 shows the XRD patterns of the samples
obtained at 200°C with different U/N ratio (1, 2 and 4).
As can be seen, with increasing the U/N ratio from 1
to 2, the diffraction peaks were intensified gradually
regardless of (020), (080) and (171) planes which
intensity peaks were decreased. By increasing the
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Figure 3.  The effect of U/N ratio on XRD patterns of AlOOH
nanoarchitectures, (a) U/N = 1, (b) U/N = 2, (c) U/N = 4.
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U/N ratio from 2 to 4, no significant differences in the
intensity peaks were observed. In the XRD pattern of
sample with U/N = 1, all the peaks could be identified
clearly as orthorhombic AlOOH with calculated lattice
constants of a = 3.69 Å, b = 12.21 Å and c = 2.86 Å
(JCPDS card 01-083-2384). In the synthesized sample
with U/N = 2 and 4, all of the deflection peaks of the
product were in agreement with the standard data of
orthorhombic AlOOH with calculated lattice constants
of a = 3.70 Å, b = 12.22 Å and c = 2.86 Å (JCPDS card
number 00-021-1307). No characteristic peaks were
observed for impurities in all XRD patterns, indicating
the high purity and crystallinity of the products. The
remarkably increased intensity of the (020) diffraction
peak of the sample with U/N = 1 compared with that
of standard pattern suggests the highly anisotropic
crystallographic nature of the particles in the product
along the [010] axis [32].
The morphology of the samples was investigated
using FESEM micrographs (see Figure 4). The comparison between the FESEM images of AlOOH nanoarchitectures with different U/N ratio shows that all
these ratios shave a great impact on the morphology, and
also aggregation of the AlOOH particles. When U/N = 1,
then it forms uniform boehmite nanorods with average
diameter about of 50 and length of 250 nm (Figure 4a).
In contrast, with U/N = 2, the sample was composed of
3-dimensional flower-like nanoarchitectures [12] (Figure 4b). The microscope analysis revealed that the
flowerlike AlOOH were nano-layers and nano-shells
in terms of structure with their thickness of approximately 35 nm. A further magnification of Figure 3b
clearly reveals that each architecture consists of a number of nanorods with the aspect ratio of 10 - 100. But
when U/N = 4, the FESEM images (Figure 4c) show
sample formation with irregular shape.
TEM analysis was conducted to clearly represent
the structure characteristics of the samples. Figure 5 displays the TEM images of the samples. Figure 5a shows
the representative TEM images of sample with U/N = 1.
The sample consists of a large number of nanorods.
To characterize the intrinsic structure of the AlOOH
nanorods, we carried out the higher magnification analysis for the sample which exhibits a large quantity of
nanorods with diameters of 10 - 30 nm and lengths of
20 to several hundreds of nanometre. Figure 5b shows
the TEM images of the sample synthesized with U/N = 2,
in which a nanoarchitectures of boehmite flowerlike can be seen. The magnified nanoarchitectures of
boehmite flower-like exhibits that the average diameters
of nanorods are about 25 nm. With U/N = 4 conditions,
clearly displays that AlOOH nanorods attach together
and assemble into irregular architecture (Figure 5c).
The Nitrogen adsorption-desorption isotherms for
the AlOOH Nanoarchitectures are shown in Figure 6.
These isotherms were measured on products outgassed
at temperature of 120°C for several hours. The uptake
Ceramics – Silikáty 60 (2) 162-168 (2016)
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of nitrogen by the AlOOH samples proceeded as monolayer–multilayer adsorption followed by capillary condensation, i.e. instantaneous filling of mesoporous with
adsorbate, in the relative pressure (P/P0) of 0.99. Upon
desorption, pronounced hysteresis was observed for all

samples under study. According to the common classification of adsorption isotherms [33], the isotherms for
AlOOH nanoarchitectures can be considered type IV.
This type of isotherm is characteristic for mesoporous
samples and closely resembles the loops of type H1.

a) U/N = 1

b) U/N = 2

c) U/N = 4
Figure 4.  FESEM images of AlOOH nanoarchitectures synthesized via hydrothermal method; a) U/N = 1, b) U/N = 2, c) U/N = 4.
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The pore size distributions for the samples, calculated
from the desorption branches of isotherms using the
Barrett-Joyner-Halenda (BJH) method, are shown in
the inset of Figure 6. The general profiles of adsorption
and desorption are not similar at high relative pressure
(P/P0 = 0.99) for all samples, which indicates that
significant changes were introduced in the porous
structure of the AlOOH during U/N ratio changes.
The BET specific surface area, total pore volume
and average pore size of AlOOH samples evaluated
from nitrogen adsorption. The BET surface areas for

U/N = 1, 2 and 4 were 79.73, 69.11, and 72.28 m2∙g-1, the
total pore volume were 0.56, 0.36, and 0.71 cm3∙g-1, and
average pore size are 28, 21 and 39 nm, respectively. As
can be seen, the specific surface area, total pore volume
and average pore size of samples decrease with the
increasing U/N ratio from 1 to 2, but with the increasing
this ratio from 2 to 4, the characterization are increased,
specially the total pore volume showed significant
increase. The samples with U/N = 2 exhibited a lower
surface area and pore volume, which may be due to the
formation of larger nanostructures.

a) U/N = 1

b) U/N = 2

c) U/N = 4
Figure 5.  TEM images of AlOOH nanoarchitectures synthesized via hydrothermal method; a) U/N = 1, b) U/N = 2, c) U/N = 4.
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Figure 6.  The effect of U/N ratio on the nitrogen adsorption/
desorption isotherms and pore size distribution of AlOOH
nanoarchitectures, (a) U/N = 1, (b) U/N = 2, (c) U/N = 4.

Conclusions
The AlOOH nanoarchitectures were synthesized
at 200°C, under hydrothermal route, using aluminum
nitrate and urea as the reaction precursors and the
effect of Urea/Nitrate molar ratio (U/N ratio) as the
morphology-directing agent were studied. The sample
morphologies were investigated systematically by XRD,
FTIR, FESEM and TEM techniques. The morphology of
AlOOH nanoarchitectures were influenced by U/N ratio
from 1 to 4. Increasing U/N ratio from 1 to 2 favored
the formation of the AlOOH nano-flowers. The AlOOH
nanoarchitectures synthesized in the current work have
the ability and potential applications in ceramic, sorbent
and catalyst because of their structure and particle size,
BET surface area, and porous properties.
References
1. Iijima S. (1991): Helical microtubules of graphitic carbon.
Nature, 354, 56-58.
2. Li Y., Liu J., Jia Z. (2006): Fabrication of boehmite AlOOH
nanofibers by a simple hydrothermal process. Material
Letter, 60, 3586-3590. doi:10.1016/j.matlet.2006.03.083
3. Wu X., Zhang B., Hu Z. (2012): Microwave hydrothermal
Ceramics – Silikáty 60 (2) 162-168 (2016)

synthesis of boehmite hollow microspheres. Material
Letter, 73, 169-171. doi:10.1016/j.matlet.2012.01.050
4. He T., Xiang L., Zhu W., ZhuS. (2008): H2SO4-assisted
hydrothermal preparation of γ-AlOOH nanorods. Material
Letter, 62, 2939-2942. doi:10.1016/j.matlet.2008.01.078
5. Luxmoore I.J., Ross I.M., Cullis A.G., Fry P.W., Orr J.,
Buckle P.D., Jefferson J.H. (2007): Low temperature electrical characterisation of tungsten nano-wires fabricated by
electron and ion beam induced chemical vapour deposition.
Thin Solid Films, 515, 6791-6797. doi:10.1016/j.tsf.2007.
02.029
6. Kim J.M., Chang S.M., Kim S., Kim K.-S., Kim J., Kim
W.-S. (2009): Design of SiO2/ZrO2 core-shell particles
using the sol–gel process. Ceramic International, 35,
1243-1247. doi:10.1016/j.ceramint.2008.06.003
7. Razali R., Zak A.K., Majid W.H.A., Darroudi M. (2011):
Solvothermal synthesis of microsphere ZnO nanostructures in DEA media. Ceramic International, 37, 36573663. doi:10.1016/j.ceramint.2011.06.026
8. Shen S.C., Ng W.K., Chen Q., Zeng X.T., Tan R.B.H.
(2007): Novel synthesis of lace-like nanoribbons of
boehmite and γ-alumina by dry gel conversion method.
Material Letter,
61(21), 4280-4282. doi:10.1016/j.
matlet.2007.01.085
9. Zuo Y., Zhao Y., Li X., Li N., Bai X., Qiu S., Yu W. (2006):
Synthesis of alumina nanowires and nanorods by anodic
oxidation method. Material Letter, 60(24), 2937-2940.
doi:10.1016/j.matlet.2006.02.016
10. Hassanzadeh-Tabrizi S.A., Taheri-Nassaj E. (2011):
Synthe-sis of high surface area Al2O3–CeO2 composite
nanopowder via inverse co-precipitation method.
Ceramic International, 37, 1251-1257. doi:10.1016/j.
ceramint.2010.12.004
11. Abdollahifar M. (2014): Synthesis and characterisation of
γ- Al2O3 with porous structure and nanorod morphology.
Journal of Chemical Research, 38(3), 154-158. doi:10.318
4/174751914X13910938972748
12. Abdollahifar M., Zamani R.M., Beiygie E., Nekouei H.
(2014): Synthesis of micro-mesopores flowerlike γ- Al2O3
nano-architectures. Journal of the Serbian Chemical Society, 79 (8), 1007-1017. doi:10.2298/JSC130903007A
13. Haghnazari N., Abdollahifar M., Jahani F. (2014): The
Effect of NaOH and KOH on the Characterization of
Meso-porous AlOOH Nanostructures in the Hydrothermal
Route. Journal of the Mexican Chemical Society, 58(2),
95-98.
14. Abdollahifar M., Haghighi M., Babaluo A.A. (2014):
Syngas production via dry reforming of methane over
Ni/Al2O3-MgO nanocatalyst synthesized using ultrasound
energy. Journal of Industrial and Engineering Chemistry,
20(4), 1845-1851. doi:10.1016/j.jiec.2013.08.041
15. Baneshi J., Haghighi M., Jodeiri N., Abdollahifar M.,
Ajamein H., (2014): Urea-nitrate combustion synthesis
of ZrO2 and CeO2 doped CuO/Al2O3 Nanocatalyst used in
steam reforming of biomethanol for Hydrogen production.
Ceramic International, 40, 14177-14184. doi:10.1016/j.
ceramint.2014.06.005
16. Yahyavi S.R., Haghighi M., Shafiei S., Abdollahifar M.,
Rahmani F. (2015): Ultrasound-assisted synthesis and physicochemical characterization of Ni–Co/Al2O3–MgO nanocatalysts enhanced by different amounts of MgO used for
CH4/CO2 reforming, Energy Conversion and Management,
97, 273-281. doi:10.1016/j.enconman.2015.03.064

167

Ameri E., Abdollahifar M., Zamani M. R., Nekouei H.
17. Abdollahifar M., Haghighi M., Babaluo A.A. Talkhoncheh
S.K., (2016): Sono-synthesis and characterization of bimetallic Ni–Co/Al2O3–MgO nanocatalyst: Effects of metal
content on catalytic properties and activity for hydrogen production via CO2 reforming of CH4, Ultrasonics
Sonochemistry, 31, 173-183. doi:10.1016/j.ultsonch.2015.
12.010
18. Alemi A., Hosseinpour Z., Dolatyari M., Bakhtiari A.
(2012): Boehmite (γ-AlOOH) nanoparticles: Hydrothermal
synthesis, characterization, pH-controlled morphologies,
optical properties, and DFT calculations. Physics Status
Solidi B, 249, 1264-1270. doi:10.1002/pssb.201147484
19. Liu L., Huang W., Gao Z.-h., Yin L.-h. (2012): Synthesis
of AlOOH slurry catalyst and catalytic activity for methanol dehydration to dimethyl ether. Journal Industrial
Engineering Chemistry, 18, 123-127. doi:10.1016/j.jiec.
2011.11.079
20. Yu Z.Q., Wang C.X., Gu X.T., Li C. (2004): Photoluminescent properties of boehmite whisker prepared by
sol-gel process. Journal Luminoscience, 106(2), 153-157.
doi:10.1016/j.jlumin.2003.09.004
21. Chen X.Y., Lee S.W. (2007): pH-Dependent formation
of boehmite (γ-AlOOH) nanorods and nanoflakes. Chemical Physical Letter, 438, 279-284. doi:10.1016/j.cplett.
2007.03.020
22. Li Y. Liu J., Jia Z. (2006): Fabrication of boehmite AlOOH
nanofibers by a simple hydrothermal process. Material
Letter, 60, 3586-3590. doi:10.1016/j.cplett.2007.03.020
23. Gao P., Xie Y., Chen Y., Ye L., Guo Q. (2005): Large-area
synthesis of single-crystal boehmite nanobelts with high
luminescent properties. Journal Crystal Growth, 285,
555-560. doi:10.1016/j.jcrysgro.2005.09.034
24. Liang H., Liu L., Yang Z., Yang Y. (2010): Facile
hydrothermal synthesis of uniform 3D γ-AlOOH architectures assembled by nanosheets. Crystal Research and
Technology, 45, 195-198. doi:10.1002/crat.200900514
25. Zhang L., Zhu Y.J. (2008): Microwave-Assisted Solvothermal Synthesis of AlOOH Hierarchically Nanostructured
Microspheres and Their Transformation to γ-Al2O3 with
Similar Morphologies. Journal Physical Chemistry C, 112,
16764-16768. doi:10.1021/jp805751t

168

26. Wu X., Wang D., Hu Z., Gu G. (2008): Synthesis of
γ-AlOOH (γ-Al2O3) self-encapsulated and hollow architectures. Material Chemistry and Physics, 109, 560-564.
doi:10.1016/j.matchemphys.2008.01.004
27. Feng Y., Lu W., Zhang L., Bao X., Yue B., lv Y., Shang
X. (2008): One-step synthesis of hierarchical cantaloupelike AlOOH superstructures via a hydrothermal route.
Crystal Growth and Design, 8(4), 1426-1429. doi:10.1021/
cg7007683
28. Cai W., Yu J., Mann S. (2009): Template-free hydrothermal
fabrication of hierarchically organized γ-AlOOH hollow
microspheres. Microporous and Mesoporous Material,
122(1–3), 42-47. doi:10.1016/j.micromeso.2009.02.003
29. Zhu Y., Hou H., Tang G., Hu Q. (2010): Synthesis of
Three-Quarter-Sphere-Like γ-AlOOH Superstructures
with High Adsorptive Capacity. Europian Journal of Solid
State Inorganic Chemistry, 6(6), 872-878. doi:10.1002/
ejic.200901036
30. Ram S. (2001): Infrared spectral study of molecular vibrations in amorphous, nanocrystalline and AlO(OH) αH2O
bulk crystals. Infrared Physics Technology, 42(6), 547560. doi:10.1016/S1350-4495(01)00117-7
31. Rana S., Ram S. (2001): X-Ray Diffraction and IR
Spectrum for Activated Surface Hydrolysis of Al Metal
into AlO(OH)·αH2O Nanocrystals in a New Monoclinic
Crystal Structure. Journal Solid State Chemistry, 157, 4049. doi:10.1006/jssc.2000.9034
32. Liu Y., Ma D., Han X., Bao X., Frandsen W., Wang D., Su
D. (2008): Hydrothermal synthesis of microscale boehmite
and gamma nanoleaves alumina. Material Letter, 62,
1297-1301. doi:10.1016/j.matlet.2007.08.067
33. Sing K.S.W., Everett D.H., Haul R.A.W., Moscou L.,
Pierotti R.A., Rouquerol J., Siemieniewska, T. (1985):
Reporting physisorption data for gas/solid systems with
special reference to the determination of surface area
and porosity. Pure Appllied Chemistry, 57, 603-619.
doi:10.1351/pac198557040603
34. Abdollahifar M., Karami A.R., Haghnazari N., Karami C.
(2015): Synthesis of porous boehmite nanostructures:
effects of time and temperature in the hydrothermal
method, Ceramics-Silikaty, 59, 305-310.

Ceramics – Silikáty 60 (2) 162-168 (2016)

