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Abstract: Micro—mesopores flowerlike y-Al,Os nano-architectures were syn-
thesized by a therma decomposition method using synthesized AIOOH
(boehmite) as a precursor. After calcination at 500 °C for 5 h, the obtained
flower-like y-Al,03 had a structure similar to that of the AIOOH precursor.
X-Ray diffraction (XRD), FTIR, TG, FESEM and TEM techniques were used
to characterize morphology and structure of the synthesized samples. The
specific surface area (BET), pore volume and pore-size distribution of the pro-
ducts were determined by N, adsorption—desorption measurements. The flo-
wer-like y-Al,05 showed a high BET specific surface area of 148 m? g1 with a
total pore volume of 0.59 cm3 gL,

Keywords:; y-Al,Os; micro—mesopores; nano-architecture; flower-like.

INTRODUCTION

Nowadays, materials, such as y-Al,O3, having a crystalline framework, large
porosity and high surface area are receiving a great deal of attention. Due to their
thermal, chemical and mechanical stability, hydrated alumina or auminum
hydroxides find potential applications as ceramic oxides,! adsorbents,? catalysts,3
catalyst supports* and are mainly used as refractory materials,® electrical insul-
ators, in electronics’ and for ceramic membranes.® From another point of view,
important usages requiring large tonnages of hydrated alumina or aluminum hyd-
roxides are as fillers in polymer and plastics products and for the production of
aluminum chemicals. Particularly, y-Al,Os; is extensively used in catalysis or as
an adsorbent due to its high porosity and surface area.29 The alumina adsorbents
and the catalytic performance of alumina-supported catalysts are, however,

* Corresponding author. E-mail: abdollahifar@gmail.com
doi: 10.2298/JSC130903007A

1007

Available on line at www.shd.org.rs/JSCS/

(CC) 2014 SCs. All rights reserved.



1008 ABDOLLAHIFAR et al.

highly dependent on the textural and structural properties of the support and ad-
sorbent, both of which depend on the synthesis procedure.

AIOCH is used as a precursor for y-Al,Os, which is formed through the
dehydration of the boehmite form of AIOOH at temperatures in the range 400—
—700 °C, whereby the produced y-Al,O5 has the same morphology as that of the
parent material.10 Therefore, many efforts have been made to control the mor-
phology of AIOOH. Hitherto, different morphologies of hierarchical AIOOH,
such as microspheres consisting of nanosheets,11 nanofibers,12 nanotubes,13
nanorods,14 nanowires,10 hollow nanospheres,15 nano-belts,16 cantaloupe-like
architectures!” and hollow and self-encapsulated microspheres!8 have been
reported. Despite these previous extensive studies, the current knowledge con-
cerning the formation of AIOOH structures of desired morphology for the pro-
duction of y-Al,Os is still inadequate.

The hydrothermal route is one of the favorable and attractive methods for the
synthesis of nanomaterials and nanostructures of very good quality. The products
prepared via a hydrothermal route have good dispersity and crystallinity, and do
not show macroscopic agglomeration. Moreover, the process conditions are
moderate and easily controllable. The objective of the work reported herein, was
to synthesize AIOOH by means of a hydrothermal treatment using aluminum
nitrate and urea as the starting materials. A flower-like y-Al,O3; nano-architecture
was obtained by the therma decomposition method using the synthesized
AIOOH as the precursor.

EXPERIMENTAL

All the chemical materials used in the experiments were used without further puri-
fication. In atypical procedure, 18.75 g of Al(NO3)3-9H,0 (Scharlau, Spain, extra pure) and 6
g of urea, CH4N,O (Scharlau, Spain, synthesis grade) were dissolved in 100 and 30 mL of
distilled water, respectively, at room temperature in beakers and magnetically stirred to obtain
homogeneous solutions A and B, respectively. Then solution B was added to solution A and
stirred at room temperature for 15 min before the mixed solution was transferred into a 200
mL Teflon-lined stainless autoclave and heated at 200 °C for several hours under autogenous
pressure. After reaching room temperature, the precipitate was filtered, washed three times
with distilled water, and finally dried in an oven at 60 °C for 24 h under air to afford a dried
sample of boehmite. The flower-like y-Al,O3 was prepared by dehydroxylation of the
synthesized boehmite at 500 °C under air for 5 h. A schematic flow chart for the preparation
of flower-like y-Al,O3 is presented in Fig. 1.

Thermal analysis of the AIOOH sample was carried out on 10 mg powder sample under
air up to 800 °C at a heating rate of 13 °C min'! using a TG/DTA6300 (SII Nanotechnology,
Japan) thermal analyzer that simultaneously provided thermogravimetric analysis (TG), deri-
vative thermal analysis (DTG) and differential thermal analysis (DTA) curves. Fourier trans-
form infrared spectroscopy (FTIR) was performed on RAYLEIGH, model WQF-510 instru-
ment. X-Ray powder diffraction (XRD) analysis was conducted on a Bruker, model B8
Advance X-ray diffractometer with CuK, radiation. The crystallite size of the particles of the
samples were calculated using the Scherrer formula (d= 0.92/(Bcosf), where d, 4, B, and 6 are
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SYNTHESIS OF FLOWER-LIKE 3-Al,03 1009

the crystallite size, CuK, wavelength (2 = 1.54 A), full width at half-maximum intensity
(FWHM) of the peak in radians and the Bragg diffraction angle, respectively). TEM images of
the samples were taken using a PHILIPS model CM30 transmission electron microscope
operated at an accelerating voltage of 250 kV. FESEM images were obtained using a
HITACHI S-4160 field emission scanning electron microscope. The nitrogen adsorption and
desorption isotherms at 77 K were measured using a BEL SORP, MINI 11-310 adsorption
analyzer after the samples had been degassed under vacuum at 200 °C for 3 h. The origina
Barrett, Joyner and Halenda (BJH) method!® was applied for the calculation of the pore size
distributions using the adsorption branch of the isotherms and the specific surface areas and
pore volumes were determined by the BET method.
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Fig. 1. Schematic flow chart for the preparation of @ AIOOH and b) y-Al,0a.

RESULTS AND DISCUSSIONS

Figure 2 shows the XRD results of AIOOH and y-Al,0s, Fig. 2a and b,
respectively. The main diffraction peaks could be indexed within experimental
error as the orthorhombic phase of boehmite AIOOH (JCPDS card No. 00-021-
-1307) and as cubic y-Al,0; (JCPDS card No. 00-001-1303), respectively. No
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evidence could be found for the existence of impurities in the synthesized
AIOOH and y-Al,0s. The crystallite sizes calculated from the FWHM of the
(120) diffractions for AIOOH and the (211) peaks for y-Al,O3 using the Scherrer
eguation were found to be 12 and 10 nm, respectively.

Typical FT-IR spectra of the corresponding samples are shown in Fig. 3a
and b. Figure 3a shows that all the absorption bands at 3300, 3096, 2098, 1638,
1518, 1390, 1156, 1066, 750, 640 and 492 cm— are consistent with the reported
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Fig. 2. XRD patterns of a) AIOOH and b) y-Al,Os.
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SYNTHESIS OF FLOWER-LIKE y-Al203 1011

values for AIOOH,20 which strongly support the formation of the synthesized
sample. In the spectrum of the calcined powder shown in Fig. 3b, the peaks at
606 and 829 cmr1 are assigned to #AlOs and »AlQ,, respectively. Thus, the y-
Al,O3 phase contained both octahedral and tetrahedral coordination. The broad
band at 3459 cm1 and the weak band at 1641 cm1 are due to adsorbed water.21
The temperature at which complete decomposition of organics had occurred
can be determined by TG/DTA analysis. Thermal analysis data consisting of TG,
DTG and DTA curves of the synthesized AIOOH are shown in Fig. 4. The
chosen calcination temperature of 500 °C for the conversion of AIOOH into
y-Al,0O3 was derived from the TG curve. The dehydration of AIOOH appears to
occur in four steps. The first step, occurring in the temperature range 25-95 °C
and accounting for 1.5 % of the estimated weight loss, may have been due to the
loss of physisorbed water. The second step, occurring in the temperature range
95-230 °C with about 1.9 % weight loss, may be due to the loss of chemisorbed
water. The third step with a mass loss of about 15.2 % occurred in the temperature
range 230-500 °C, which could be ascribed to the conversion of AIOOH into
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y-Al,03, while the weight loss (1.5 %) at temperatures above 500 °C is associated
with the removal of the remaining hydroxyls. The weight losses appeared on the
DTA curve as exothermic peaks that refer to severa chemical processes,
occurring because of thermal degradation of the synthesized AIOOH over the
temperature ranges given in Table .

TABLE|. Thermal data (TG, DTG and DTA) for the synthesized AIOOH; (-):exothermic

Temperature DTG max. Massloss DTA

range, °C °C % °C Assignment

2595 54 15 58 (-) L oss of physisorbed water
95-230 215 19 222 (-) Loss of chemisorbed water
230-500 433 15.2 437 (-)  Conversion of aooh into y-Al,O3
Above 500 - 15 - Removal of remaining hydroxyls

The morphology and structure of the as-synthesized products were deter-
mined using FESEM and TEM. The FESEM images showing the flower-like
nanostructures of AIOOH and y-Al,O; are presented in Fig. 5. The low-magni-
fication images (Fig. 5a;) shows that the AIOOH crystallites self-organize into
flower-like assemblies. It can be seen from Fig. 5a and b, that the morphol ogy
of AIOOH was retained after the formation of y-Al,O3 by calcination. According
to Fig. 5, several AIOOH and y-Al,O3; nano-flowers appeared to be separate. To
examine further the surface morphology of the flowerlike architectures, high-
-magnification FESEM images of both samples in the top view of the products,

42 nm

150 1 ey

150 nm

Fig. 5. FESEM images of the flower-like AIOOH (g and &) and y-Al,O3 (b and by).
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SYNTHESIS OF FLOWER-LIKE 3-Al,03 1013

which were found to be constructed of several nano-pieces, were recorded, as
shown in Figs. 5a and bs.

The detailed structure of the y-Al,O; recorded as TEM micrographsis shown
in Fig. 6. A low-magnification TEM image of y-Al,Os is shown in Fig. 6a and b;
these might be detached parts from the flower-like nano-architectures or particles
that aggregated in one-side flower structures. The nano-pieces were collected
together by a center to form a hierarchical flower-like nanostructure. The high-
magnification images of the nano-pieces structure of y-Al,Os could be observed
clearly in Fig. 6e and f. In general, the FESEM micrographs are in good agree-
ment with the TEM observations.

Fig. 6. TEM images of the fower-like y-Al,0s.

The N, sorption isotherms of the synthesized AIOOH and y-Al,Os are illus-
trated in Fig. 7. The both samples showed a type IV isotherm with H1 + H3 type
hysteresis loops, which indicated that these samples had some dlit-shaped pores
according to the Brunauer, Deming, Deming and Teller (BDDT) classification.
This type of isotherm is characteristic for mesoporous samples. As could be seen
from the adsorption and desorption curves, it was not a reversible phenomenon
that led to the appearance of a hysteresis between the adsorption and desorption
curves. The uptake of nitrogen by the both samples proceeded as monolayer—
multilayer adsorption followed by capillary condensation, i.e., instantaneous fil-
ling of mesopores with adsorbate, in the relative pressure (p/po) range of 0.90—
—0.99. However, the y-Al,O5; showed a steep increase of the adsorption in the p/po
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range 0.8-0.95, while the AIOOH displayed a gradual increase in the p/po range
0.7-0.96, indicating that the y-Al,Os had larger mesopores than the AIOOH, as
shown in the Table II. Thus, the formation of y-Al,O3 resulted in a higher surface
area and pore volume, but with a lower mean pore diameter. The inset of Fig. 7
presents the pore size distribution of the samples derived from the desorption
branch of the N, adsorption/desorption isotherms. The pore size distribution
curves for both samples showed one narrow and two wide distributions that were
centered around 1.35, 12 and 26 nm, respectively. It can be seen that the intensity
of peaksfor the AIOOH were higher than those for y-Al,Os.
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Fig. 7. Nitrogen adsorption/desorption isotherms and pore-size distribution (inset) of
a) AIOOH and b) y-Al,0s.

TABLE Il. Thetextural properties of the samples

Sample Surface area, m® g1 Porevolume, cm3gl  mean pore diameter, nm
AIOCH 69 0.36 21
y-AlL,03 148 0.59 16
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Further details concerning the structural characteristic of the synthesized
AIOOH and y-Al,O;, i.e., the micropore volume in the presence of mesopores,
are given in the t-plots presented in Fig. 8, from which, the contributions of the
two different types of pores, namely micropores and mesopores, are obvious.
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0 0.5 1 15 Fig. 8. t-Plot curves for a) AIOOH and
f,nm b) y-Al,Os3.

In general, porous materials can contain more than one class of pores, e.g.,
micropores and mesopores. It is possible to differentiate the contribution of
micropores and mesopores to the surface area using the method developed by de
Boer et al.22 The nitrogen adsorption data can be plotted as a t-curve, in which
the adsorbed nitrogen volume is presented as a function of the statistical thick-
ness, t, of an adsorbed layer on a nonporous surface. If the adsorbent contains
mesopores, capillary condensation occurs in each pore when the relative pressure
reaches avalue that is related to the pore radius by the Kelvin Equation, the t-plot
therefore shows an upward deviation commencing at the relative pressure at
which the finest pores are just being filled and the extrapolated plot passes
through the origin. On the other hand, if microporosity exists, the uptake is
enhanced in the low-pressure region and a positive intercept is observed that can
be assigned to the micropore volume.

CONCLUSIONS

In summary, a micro/mesoporous flower-like y-Al,O3 assembly from nano-
pieces with a surface area of 148 m? g1, a mean pore diameter of 16 nm and a
pore volume of 0.59 cm3 g~ was successfully synthesized by the decomposition
of a synthesized AIOOH. The FESEM and TEM micrographs shows that the
y-Al,O3 was flower-like and a high-magnification micrograph of the sample
showed that the products were constructed of several nano-pieces. The flower-
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-like y-Al,O3 is expected to have potential applications in catalysis, adsorption
and other fields, dueto its large surface area.
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MUKpOo—Me30M0pO3HN HaHOCTPYKTypHH y-Al,03 nBeTHOr odnuka fodUjeH je MeTomom
TepMHUUKe pasrpanmwe cuHTeTH3oBaHor AIOOH (6emuT) xao npexypcopa. ITocie kaauuHuCcama
Ha Temneparypu 500 °C tokom 5 h, nobujen je y-Al,03 odnuka nBera ca CTPyKTypOM CIH-
yHoMm AlOOH mnpekypcopy. XRD, FTIR, TG, FESM u TEM TexHuke xopuirheHe cy 3a Kapak-
Tepucame MOpGOJIOTHje U CTPyKType HobHjeHHX y3opaka. Crneuuduryna mospiuHa (BET),
3alIpeMHHa M Dacnojena Iopa OfpedjuBaHe Cy azncopnuujom/mecopnuujom Nj. IIBetact
7-Al,03 uMao je Benvky cnenuduyHy noppukHy- 148 m? g1, ca ykynuom sanpemunom nopa
0,59 cm3 g1,

(ITpumsbeHo 23. centemdpa 2013, pesunupano 20. janyapa, mpuxsaheno 21. janyapa 2014)
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