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The effect on the physicochemical properties of aluminum salts on the synthesis of y-AlIOOH
nanostructures has been investigated in detail using a hydrolysis-precipitation method. X-ray fluorescence
(XRF), Fourier transform infrared spectroscopy (FTIR), X-ray powder diffraction (XRD), field-emission
scanning electron microscopy (FESEM) and transmission electron microscopy (TEM), were used to char-
acterize the synthesized samples. The specific surface area, pore size distribution and pore diameter of the
different y-AlOOH structures were discussed by the N, adsorption-desorption analysis. According to the
results of the nanostructure, characterization revealed that for synthesized y-AIOOH nanostructures from
AICI; and AI(NOs)s, obvious XRD peaks corresponding to the bayerite phase are found indicating an im-
pure y-AlOOH phase. Furthermore, the nitrogen adsorption-desorption analysis indicated that the ob-
tained y-AlOOH nanoparticles from Al(SOa4)s of technical grade (95.0 % of purity) and low cost, possess
a high BET surface area of approximately 350 m?/g, compared to the obtained nanostructures from alu-
minum sources reactive grade, which was attributed to the presence of Mg (0.9 wt.%) in its nanostructure.
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YJIOT'A HA TIOTEKJIOTO HA ATYMHUHUYM KAKO U3BOP
HA ®U3NYKOXEMUCKUTE CBOJCTBA HA HAHOYECTUYKHUTE HA y-AIOOH

[Monpo6Ho e mcrmTHA ynorata Ha (PU3MYKOXEMHCKUTE CBOJCTBA Ha AITyMHHHYMOBHTE COJIM BO
CHHTe3aTa Ha HaHOcTpykTypuTe Ha y-AlOOH co mpuMeHa Ha METOAOT XHAPONU3A-TIPSLUNUTALNja. 32
KapaKkTepu3alyja Ha CHHTETH3UPAHUTE MPUMEPOLHU ce KOPUCTEHU peHAreHcka ¢uryopecueHurja (XRF),
dypueosa Tpanchopmupana nHpanpsera cnekrpockonuja (FTIR), perarencka audpakuuja Ha Ipariok
(XRD), ckeHupauka eJEKTPOHCKa MHKpOCKOmHWja Ha emuchja Ha moie (FESEM) u TpaHcMucnoHa
enekTpoHcka Mukpockonuja (TEM). Cneunduunata moBpiunHa, pacrnpenendara Ha JUMEH3MHTE Ha
MOPUTE W TIPEYHUKOT Ha TIOpUTE Ha pasHuTe cTpykTypHu Ha y-AlOOH Gea muckyTupaHu Bp3 OCHOBA Ha
aHaJiM3a Ha aTcopmuija-mecoprudja Ha a30T. Coopen pe3yiaTaTuTe Ha  HAHOCTPYKTypara,
KapakTepu3alujaTa OTKpH Jeka 3a HaHocTpykTypu Ha Y-AlOOH, cunrerusupanu ox AlCl; u Al(NO3), ce
nojaByBaar ounryieqan XRD mmkoBu mTo ofrosapaaTr Ha OajepuT-(paza, MTO yKakyBa Ha HEYHCTa Y-
AIOOH-¢a3a. Hcro Taka, aHanM3aTa Ha aTCOPIIIMja-IeCOpIIMja Ha a30T MOKaXyBa JeKa
HaHouecTnukute Ha y-AlIOOH nobuenu on texunuku (95.0 % uucrora) u eBTHH Al(SO4)3 MMaar Brcoka
BET noepuiina on npuGamkao 350 m?/g criopeseHo co HaHOCTPYKTYpH Ofl alyMHHHYM CO TojieMa
YHCTOTA, IITO CE IPUIHIIYBa Ha npucyctBoTo Ha Mg (0.9 wt.%) Bo HaHOCTpYKTYpaTa.

Knyunu 300poBH: HAHOBJIAKHA; IICEBIOOOXEMHUT; U3BOP HA UTyMHHHYM; XUPAOJIN3a-TIPELUINTALIN]a
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1. INTRODUCTION

Aluminum oxyhydroxides (y-AlIOOH) are
important industrial materials with important in-
dustrial applications [1]. They are the precursor of
v-Al203 [2] and other crystalline structures such as
n-, 8-, 6-, k-, x- and a-alumina [3]. The y-AIOOH
is widely used as a catalytic support and catalyst
[4, 5], adsorbent [6], ceramic, abrasive and filter
[7]. In addition, it is a low-cost material which has
received considerable attention during the past
decades [4, 6]. In the area of catalysis, it exhibits
catalytic activity in the process of methanol dehy-
dration to dimethyl ether [8]. Furthermore, another
study revealed that y-AIOOH has a strong influ-
ence on the distribution of products for the hydro-
genation of CO and shows excellent selectivity of
acetaldehyde for the reaction of methanol and syn-
thesis gas [9]. Bing et al. observed specific activity
for the syngas conversion to ethanol [10] and it
was recently found that the simple aluminum oxy-
hydroxide (y-AIOOH), as a solid acid catalyst,
gave an attractive performance for the 3-methyl-2-
cyclopentenone generation from 2,5-hexanedione
with high selectivity (> 71 %) via hydrogenolysis
and successive hydrolysis [11].

The y-AIOOH has a layered structure with
octahedral layers bonded together through hydro-
gen bonds [12], which contains a large number of
available hydroxyl (OH) groups to connect with a
variety of nanostructured materials [13]. Therefore,
researchers have broadly addressed the develop-
ment of new routes to prepare y-AlIOOH structures
[12-15]. The hydrolysis-precipitation route is one
of the promising, mild and attractive methods for
the synthesis of high-quality y-AIOOH nanostruc-
tures. However, the effectiveness of this synthesis
route depends on the experimental conditions
(temperature and processing time, initial pH and
the aluminum source) [16]. To date, y-boehmite
has been synthesized with different morphologies
(whisker, single-crystal nanobelts, nanorods,
nanoflakes, nanofibers and flower-like among oth-
ers) and synthesis routes, as well as different ex-
perimental conditions [15-18]. Nonetheless, it is
important to indicate that the potential applications
of this material depend on its size and shape con-
trol. On the other hand, the stability and textural
properties of nanostructures are crucial and deter-
minant for current applications. Some authors have
emphasized that materials with high pore volume
may improve the adsorption performance if it is
used as an adsorbent or catalyst material, and the
loading capacity if is applied as a catalytic support.
These properties improve the diffusion and
transport of reagents and reactants [15, 19].

The basic or acidic, texture and stability
properties of the nanostructures can be strongly in-
fluenced by the preparation route and conditions
[20]. Different authors have shown that the proper-
ties of y-boehmite, such as nanoparticle size, shape,
and structure, depend on the synthetic conditions
and the nature of the aluminum precursors and their
degree of impurities [21]. Additionally, aluminum
precursors with the presence of impurities may be
used to obtain materials with interesting properties
and applications. In our laboratory, we have report-
ed that Al,O; nanostructures synthesized using alu-
minum sulfate (technical grade with a purity of 95
% by weight) exhibited better textural properties
than those obtained with aluminum sulfate (analyti-
cal grade with a purity of 99.98 % by wt.), due to
improvement by the presence of small amounts of
impurities, such as Mg (0.33 wt.%) [22].

Undoubtedly, the research and development
of producing y-AIOOH with various structures is
beneficial for many branches of modern science
and technology. However, reports concerning the
synthesis of y-AIOOH by a simple, environmental-
ly favorable, and low-cost synthesis method with
interesting textural properties are still limited. This
work aimed to study the effect of the purity of the
aluminum source (chloride, nitrate and two differ-
ent aluminum sulphates) on the textural properties
of y-AIOOH nanoparticles via a hydrolysis-
precipitation route. The chemical composition,
structure, and morphology were investigated by the
XRF, XRD, FTIR, Nz adsorption—desorption,
FESEM and TEM studies.

2. EXPERIMENTAL SECTION

2.1. Chemicals

The following chemicals were used:
Aly(SO4)3 18H20, AICIz-6H,0, AI(NO3)39H0
chemical reagents analytical grade were purchased
from Sigma—Aldrich, México and aluminum sul-
fate Alx(SO4)s-18H,0 (technical grade, 95.0 % of
purity) was purchased from Alfa-Omega Chemical
S.A de C.V. México. Anhydrous ammonia gas (pu-
rity > 99.98 %) was purchased from Praxair;
México, and distilled water was provided by the
University of Guanajuato.

2.2. Pseudoboehmite synthesis

Initially, 100 g of each aluminum precursor
was dissolved into distilled water and stored before
the experiment. The Alx(SO.)s18H,0 (technical
grade) was filtered using milli-pore filter paper for
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removal of insoluble impurities. In order to study
the effects of the different kinds of Al resources on
the physico-chemical properties, the experiments
were carried out similarly. First, 1000 ml of the
aqueous solution was added to a solution of water
and ammonia gas at a rate of 1000 ml/h using a
peristaltic pump (Cole palmer instrument Co.,
USA), under rigorous mechanical agitation (400
rpm), at a temperature of 65 £ 1°C to reach a pH of
9 to 11 (depending on the aluminum precursor).
After aging for 20 min at the same temperature, the
obtained precipitate was filtered and washed three
times, with cold and hot distilled water, to remove
SO completely (BaCl, detection). The precipi-
tate was dried in an oven at ~110 °C for 12 h.

The overall reactions leading to the for-
mation of pseudoboehmite using different alumi-
num salts can be represented by Egs. (1) — (3).

Al(SO,), + 6NH,+ 6H,0 — 2AI00H + 3(NH,),SO, +2H,0

@)
2AICL, + 6NH, + 6H,0 —>2AI100H + 6NH,Cl + 2H,0
@)

AI(NO,),+3NH, +3H,0 — Al(OH),+ 3NH,NO,

Al(OH), — AIOOH + H,O ®3)

2.2. Characterization

The elemental chemical quantifications were
determined by high-resolution wavelength disper-
sive-X-ray fluorescence spectra (XRF) were rec-
orded by a NEX-CG RIGAKU spectrometer of
cartesian geometry, equipped with a Pd anode X-
ray tube. Fourier transform infrared (FTIR) spectra
were obtained using an FT-IR Nicolet 470 spec-
trometer in the range 400-4000 cm™! at room tem-
perature. The X-ray powder diffraction (XRD) pat-

Table 1

terns were identified using a Siemens D-500 X-ray
diffractometer, equipped with CuKa radiation (A =
1.54 A). Data were collected from 10 to 80° (26),
with a scan rate of 0.03°/s. The microstructures
were studied by transmission electron microscopy
(TEM) using a Philips Tecnai F20 microscope op-
erated at 200 kV, while the surface morphology of
the samples were investigated with a field-
emission scanning electron microscope (JEOL
JSM 7600-F). Surface area, pore volume, and pore
size distribution were determined by N adsorp-
tion-desorption with a Micromeritics, ASAP 2010.
The samples were degassed at 150 °C for 3 h, un-
der vacuum. Nitrogen adsorption isotherms were
measured at liquid N, temperature (77 K), and N2
pressures ranging from 107 to 1.0 P/Po. The spe-
cific surface areas were calculated by means of the
Brunauer-Emmett—Teller (BET) method and the
pore size distribution was obtained according to
the Barret-Joyner—Halenda (BJH) method.

3. RESULTS AND DISCUSSION
3.1. X-ray fluorescence (XRF)

The quantitative chemical analysis (XRF)
results are presented in Table 1. As expected, the
aluminum (Al) and oxygen (O) content dominate
in the four salts studied. The Alx(SO.)s-A and
Al>(SO4)3-B samples present a similar content of
sulfur (S). The AICIs-C sample has a high chlorine
(Cl) content, due to its nature. However, the
Aly(SO.)s-A exhibits the presence of magnesium
(Mg), attributed to the impurity degree of the pre-
cursor, which has also been reported in previous
works [16, 23].

XRF results of the average chemical composition of the aluminum source and synthesized pseudoboehmite

Samples Concentration (%0)?

Aluminum source Al Si S Mg Cl Ca Fe @]
Al2(SO4)3-A 7.53 0.06 13.8 1.1 0.0 0.01 0.01 78.5
Al2(SO4)3-B 7.88 0.08 145 0.0 0.0 0.0 0.01 77.5

AICIs-C 5.47 0.06 0.24 0.0 11.6 0.02 0.0 82.6
AI(NOs)s-D 6.3 0.02 0.01 0.0 0.0 0.0 0.0 93.7
Pseudoboehmite
y-AlOOH-A 38.0 0.04 0.4 0.9 0.0 0.0 0.0 60.5
y-AlOOH-B 38.1 0.02 0.06 0.0 0.0 0.0 0.0 61.8
y-AlOOH-C 36.1 0.03 0.0 0.0 0.03 0.0 0.0 63.0
y-AlOOH-D 36.1 0.04 0.0 0.0 0.0 0.0 0.0 63.8

aPercentage extraction values are based on triplicate analysis
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Also, the presence of silicon (Si), calcium
(Ca) and iron (Fe) in small quantities in the four
samples were reported. Furthermore, the results of
the as-synthesized samples of pseudoboehmite are
also given in Table 1, and which exhibit a higher
concentration of Al and O. This is consistent with
the chemical formula of y-AIOOH. The presence
of 0.4 wt.% of S in the sample y-AIOOH-A was
also observed, attributed to ammonium sulfate
((NH4)2S0.) as a residue generated during the syn-
thesis process. Besides that, the presence of Mg
decreased, which is attributed to the fact that the
0.2 wt.% was removed during the synthesis pro-
cess and washes.

3.2. X-ray powder diffraction (XRD)

The phase structure and purity of the alumi-
num salts of the as-synthesized samples were ex-
amined by XRD. The XRD patterns of the alumi-
num sources are shown in Figure 1a), and the XRD
patterns of the as-synthesized samples in Figure
1b). The salts of Alx(SO4)s-A and B show signals
of peaks at 20 of 12.51° 21.06° 25.55° 30.76°,
33.73°,40.99°, 44.38° and 46.81°, which are in line
with those reported by other authors [23, 24]. No
impurities-related  signals were detected in
Al>(SO4)3-A and y-AIOOH-A as Mg, attributed to
a homogeneous dispersion in the structure. The
AICI;-C salt diffraction pattern agrees with its
crystallographic card (JDCPS card No. 44-1473)
corresponding to AlICIs-6H20, with the main peaks
at 20 = 15.07, 27.19, 27.52, 35.05, 39.01, 41.38,
43.33 and 51.94° with rhombohedral geometry [25,
26]. On the other hand, the AI(NOs)s-D diffracto-
gram shows the crystalline phase corresponding to
AI(NO3)3-9H,O presenting similar characteristic
peaks as previously reported by Pacewsca [27] and
Karimi [28]. The different aluminum precursors
have different degrees of crystallinity. These alu-
minum precursors exhibit the following order:
AI(NO3)3-D > AICI3-C > Al(SO4)3-A > Aly(SO4)s-
B. The above indicates that the size of crystals pre-
sent in the aluminium sulfate hydrate is finer than
the other aluminum sources.

Figure 1b) shows the XRD patterns of the
samples synthesized in this research. All diffrac-
tion peaks of the pseudoboehmite nanoparticles
were in good agreement with y-AIOOH (JCPDS
no. 21-1307), which is the orthorhombic cell with
lattice parameters of a=3.78 A,b=11.8 A, and ¢
= 2.85 A [29, 30]. The diffraction pattern reveals
the well-defined peaks at the angles of 14.3, 28.1,
38.3, 45.7, 48.9, 51.6, 54.9, 64.6, 66.7, and 72.1°

corresponded to the (020), (120), (140), (131),
(200), (160), (151), (071), (022) and (251) planes
of the orthorhombic pseudoboehmite, respectively.
The orthorhombic structure of y-AIOOH is proved
by comparing the XRD pattern with those reported
in the literature [7, 10]. X-ray diffractograms of
samples y-AlIOOH-C and y-AIOOH-B show char-
acteristic peaks of y-AlIOOH. However, it also
shows four peaks at 20 (19.05, 20.05, 41.0 and
53.0°) which do not correspond to the pseu-
doboehmite phase, indicating that the materials
exhibited an additional crystalline phase of bayer-
ite. This result indicates an impure y-AIOOH phase
[31].
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Fig. 1. X-ray powder diffraction of a) aluminum source
and b) as-synthesized samples

Maced. J. Chem. Chem. Eng. 39 (1), 89-99 (2020)



The role of the aluminum source on the physicochemical properties of y-AIOOH nanoparticles 93

Previous studies have reported that when
AICI; and AI(NOs)s salts are used to obtain pseu-
doboehmite, the formation of additional crystalline
phases such as gibbsite and bayerite can appear.
The presence of these crystalline phases is due to
experimental parameters that were directly influ-
enced by the pH and the precursors [32]. It has
been reported that bayerite AI(OH); formation
could be obtained at alkaline pH values (pH 11),
together with a weak XRD peak assigned to
boehmite from nitrate precursors. On the other
hand, at lower pH, the crystalline phase in the
samples changed to pseudoboehmite, whose peaks
became broader [33]. This work showed a similar
behavior with aluminum salts (nitrate or chloride)
which reached pH 11 during the synthesis process,
but not for aluminum sulphate salts with a pH 9. It
is known that the physicochemical properties can
be very different for low- and well-crystallized
pseudoboehmite, even though their crystal struc-
ture is just the same. Furthermore, there is an evi-
dent shift of the diffraction lines of y-AIOOH-C
and y-AIOOH-D, which suggests that the layers are
rotated or displayed due to the change of pH or
aluminium salt. It is noteworthy, that compared
with the XRD pattern of y-AIOOH-B, the sample
v-AIOOH-A demonstrated wider peaks; this repre-
sents an increase in the lattice parameter values.
The increase in the spacing confirms that Mg is
present in the framework of y-AIOOH-A. This at-
tribution is made due to the contribution of other
authors, where they mention that the incorporation
of Mg generates the formation of Mg—O bonds
with lengths longer than that of the Al-O bonds,
resulting in a mesostructural expansion [22].

3.3. Fourier transform infrared spectroscopy
(FTIR)

The FTIR analysis of y-AIOOH is character-
ized by prominent OH stretching and bending
modes associated with the interlayer hydrogen
bonds of the structure in terms of vibration intensi-
ty and frequency [32]. Figure 2 shows the infrared
spectra of synthesized samples of y-AlIOOH. In
general, all the FTIR spectra are similar regardless
of the slight difference in intensities of some
peaks, and one additional peak for the synthesized
samples from aluminum salts (nitrate or chloride).
The FTIR spectra demonstrate the typical spectra
of pseudoboehmite [32, 34]. Firstly, for the sam-
ples y-AIOOH-A and y-AIOOH-B, intensive bands
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at 3443 and 3090 cm™! are observed, while for the
samples y-AlIOOH-C and y-AIOOH-D bands are
observed at 3650, 3575, 3443 and 3090 cm™. All
bands belong to the vs(Al)O-H and vas(Al)O-H
stretching vibrations or O—H stretching mode [34—
37]. The band at 3443 cm™ for the samples -
AIOOH-A and y-AlOOH-B dominates this region
and prevents the observation of the features corre-
sponding to the structural OH groups for the pseu-
doboehmite phase. The weak band at 2095 cm™ is
the combination band [35, 36]. The weak band at
1638 cm™!' can be assigned to the stretching and
bending modes of the adsorbed water molecules
and this absorbance in the spectra of y-AIOOH
nano-architectures is very weak for y-AlIOOH-C
and y-AIOOH-D, indicating a very small amount
of physically adsorbed water molecules. This result
is consistent with the XRD patterns (Figure 1b),
because it exhibits a major crystalline structure
compared to y-AIOOH-A and y-AIOOH-B. It has
been reported that the bands at around 1420 and
1510 cm are due to the amorphous surface struc-
ture existing in nanocrystalline pseudoboehmite.
This explains the vibrations observed at ~1389 and
1507 cm* in our synthesized pseudoboehmite [36].
While the sharp peak at 1072 cm™ and small
shoulder at 1171 cm™' are assigned to the angle
bending of the H bonds in the octahedral structure
of pseudoboehmite (HO-AI=0) and the angle de-
formation (wagging) of the H bonds in the octahe-
dral structure of pseudoboehmite (HO-AI=0), re-
spectively [32, 36, 37]. The bands at 750, 625 and
490 cm™ are ascribed to the vibration modes of
AlOg, while a band at 882 cm™ is ascribed to the
stretching mode of AlO, [32, 34, 36, 37]. The main
bands are listed in Table 2, together with their as-
signment, and compared with those reported in the
literature.

y-AIOOH-D | | |
y-AIOOH-C_ ' | |

y-AIOOH-B | 5

y-AlIOOH-A \f | |

Transmittance, %/ a.u.

>
[=a)
=
o

T v T T T v T T T T T T
4000 3500 3000 2500 2000 1500 1000 500

Wavenumber (cm’)

Fig. 2. FTIR spectra of as-synthesized samples
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Table 2

Pseudoboehmite FTIR band positions measured on our samples together
with values and assignments reported in the literature

Pseudoboehmite band position (cm™1)

This work

From reported

Assignment (from reported [32-37])

[32-37]

3650 3628 B?SQLO;%%?]?”ZS%\%%—H stretching vibrations

3575 -

3443 3440, 3445, 3460

3090 3080, 3095, 3098

2095 2091, 2092 H-O-H bonds

1638 1630, 1634, 1635, 1638, 1640 Hydroxyl bands on the surface

1507 1510, 1520 Amorphous surface structure

1389 1384, 1387, 1389, 1400, 1420 H20 deformation vibrations and or vibration of NO3
Angle deformation (wagging) of the H bonds in the

171 1156, 1160, 1170 octghedral structure C()f pggudg{)oehmite (HO-AI=0)
Angle bending of the H bonds in the octahedral

1072 1065, 1072, 1073, 1075 strugcture of psgeudoboehmite (HO-AI=0)

882 884 Stretching mode of AlO4

750 720, 746, 747, 760 Vibration modes of AlOs

625 631, 633

490 480, 491

3.4. N, adsorption-desorption

Figure 3 shows the N adsorption—
desorption isotherm measured at 77 K and the cor-
responding pore size distributions curves (inset)
calculated via the Barret-Joyner-Halenda (BJH) of
the synthesized pseudoboehmite samples. All sam-
ples exhibit I\V-type isotherm (definition by IU-
PAC) [32, 36] and, as indicated by the convex cur-
vature of the isotherms at the sub-monolayer range
and by the occurrence of a narrow hysteresis loop
at high P/Py range, it shows that these pseu-
doboehmite were mesoporous materials [36]. The
appearance of a type H; hysteresis loop in the iso-
therm indicates the presence of ink-bottle type
pores in the mesoporous pseudoboehmite. This
indicates that they have good pore connectivity
[32]. Table 1 lists the results of specific surface
area (SSA), pore volume (Vp) and average pore
diameter (Dp) of the synthesized y-AlIOOH
nanostructures, values reported in the literature,
and preparation conditions. These results show that
the source of aluminum is crucial to the prepara-
tion of y-AlIOOH by the hydrolysis-precipitation
method. It can be seen that the pore sizes for all
synthesized samples were located between 2-17
nm, respectively.

All samples synthesized have a high surface
area (327-350 m?#g), which could be ranked in the
following order: y-AIOOH-A > y-AlIOOH-D > v-

AIOOH-C > y-AIOOH-B. The samples synthe-
sized by nitrates and chlorides did not show signif-
icant changes in the surface area, even with their
greater crystalline structure and the presence of
bayerite as an additional phase, as shown in Figure
1b). On the other hand, the y-AIOOH-A sample
exhibited a higher specific surface area (350 m?/g).
Nonetheless, the obtained textural properties for
sample y-AIOOH-A is comparable and higher than
other pseudoboehmites and boehmites reported in
the literature, as shown in Table 3.

7004 10
s —e—y-AIOOH-A
o 60042 —e—-AIOOH-B
A +-AIOOH-C
L0 500 5 y-AIOOH-D
g S 4
< 2
= 400 5
% o et
g 300 ber 10 2
3 _ Pore Diameter (nm) ’.",."
£ 200 '
2 s
> 100 M
0 i ¥, T T T T 1
0.0 0.2 0.4 0.6 0.8 1.0

Relative Pressure (P/P )

Fig. 3. Nitrogen adsorption/desorption isotherms and corre-
sponding BJH pore size distribution of the as-synthesized
samples.
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Until now, few reports are available on the
direct synthesis of mesoporous Mg-AIOOH com-
posite oxyhydroxides of low-cost with a long-
range mesostructured, high specific surface area
and pore volume, and a highly homogeneous pres-
ence of MgO as an impurity. These results suggest
that aluminum precursors with a considerable de-

Table 3

gree of impurities are a more economical, easy,
environmentally friendly and convenient synthesis
procedure with better textural properties for meso-
porous pseudoboehmite particles. In general, larger
specific surface area and pore volume are favora-
ble for many applications such as catalyst support,
and absorbance.

Preparation conditions and textural properties of the synthesized pseudoboehmite samples
and values reported in the literature

As-synthesized Temperature Solution

powder °C) bH range SSA (m2/g) Vp (cmd/g) Dr (A) Refs.
y-AlIOOH-A 6542 9-10 350 0.77 85 This work
v-AlIOOH-B 65+2 9-10 327 0.74 80 This work
y-AlOOH-C 65+2 10-11 335 0.62 80 This work
y-AlOOH-D 65+2 10-11 340 0.30 62 This work

C-5 180 5 48 0.37 166 [32]

C-11 180 11 39 0.35 280 [32]

N-5 180 5 48 0.35 287 [32]

N-11 180 11 46 0.27 300 [32]

ATG1-25 25 10.8-12 393 0.29 29 [36]

ATG2-25 25 9.5-10.8 350 0.5 28 [36]

Synthetic Boehmite 95 - 198 - 40 [38]

Boehmite 180 85 98.6 - - [31]

LP 60 9.7 273 0.66 75 [20]

AIO(OH)-NR 70 9-10 448 - 20 [39]

Pseudoboehmite - 10.5 350 0.49 53 [40]

AIOOH 80 - 385 0.28 28 [15]

y-AlIOOH 150 - 225 0.45 56-82 [41]

3.5. Field-emission scanning electron microscopy
(FESEM)

The microstructure of the synthesized y-
AIOOH nanoparticles was studied using FESEM.
Figure 4 shows the representative images of a) y-
AIOOH-A, b) y-AIOOH-B, c¢) y-AIOOH-C, and d)
y-AlOOH-D, respectively. According to FESEM
images, different sources of aluminum have a fun-
damental effect on the morphologies of as-
prepared y-AlIOOH by the hydrolysis-precipitation
route. The obtained images indicate that the y-
AIOOH-A, y-AlIOOH-B and y-AIOOH-C samples
have a sponge-like morphology, while the v-
AIOOH-D sample showed irregular crystalline ag-
glomerates (not nanostructured). Furthermore, ob-
vious agglomeration phenomena can be observed
in the samples due to the effect of surface func-
tional groups and quantum size [42]. This fact evi-
dences the differences between the samples ob-
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tained by hydrolysis-precipitation method, show-
ing amorphous nanofibrous agglomerates for the
samples (a, b and c¢) due to their high surface ener-
gy, so generating a high porosity. However, re-
garding sample (d), it exhibits a high degree of
crystallinity, (Fig. 1b) and, thus, has many small
pores, causing a low pore volume and diameter
(Table 3). The reason leading to this phenomenon
may be that the pore structures were occupied by
water during the polymerization process. The fi-
bers’ length is approximately 100 nm and the di-
ameter approximately 20 nm. This means that the
crystals grew faster in the longitudinal direction
than in the diametrical direction. The nano-fibers
are tangled with a smooth surface. It can be appre-
ciated that the formed nanoparticles for y-AIOOH-
A, y-AlOOH-B, and y-AlOOH-C samples possess
uniform pore size distribution and are homogene-
ous without preferentially oriented shapes, while
the y-AIOOH-D sample indicate a totally different
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morphology (small plate-like structures). Due to
this structure, there are lots of defects on secondary
particles, inducing a larger amount of pores be-
tween primary crystallites, and these pores are very
small. This is why sample y-AIOOH-D has a high
SSA. When the primary crystallites are well crys-
talline, the corresponding secondary particles have

x 40,000 SEI

few defects and most pores arise from the packing
spaces between secondary particles. Nevertheless,
it has been observed that the structure and physico-
chemical properties not only depend on the alumi-
num source, but also that they are strongly influ-
enced by the synthesis method and its conditions.

100 nm

|
x 40,000 SEI

Fig. 4. FESEM images of pseudoboehmite samples, a) y-AIOOH-A, b) y-AIOOH-B, ¢) y-AIOOH-C, d) y-AIOOH-D

3.6. Transmission electron microscope (TEM)

TEM micrographs of aluminum oxyhydroxide
nanoparticles are given in Figure 5. All particles ex-
hibit similar shapes and morphologies. However,
slight changes in the morphological nano-fibrillary
messy substructure were observed: a length of ap-
proximately 100 nm for the y-AIOOH-A sample and
80 nm for y-AIOOH-B, while for y-AIOOH-C, a
nanofibrillar length of 60 nm can be observed. Final-
ly, the y-AIOOH-D sample has very small nanofibers
of about 33 nm in length. The results show that the
length and thickness plays a key role in the textural

and crystallinity properties. The shorter nanofibers
induce a greater crystallinity, and therefore, re-
duced textural properties due the overlap and the
closely spaced nanofibers. The textural properties
and X-ray diffraction analysis back up these results
obtained by TEM analysis. The results obtained by
the TEM analysis for nanofiber lengths presented
the following order: y-AIOOH-A > y-AIOOH-B >
v-AIOOH-C > y-AIOOH-D, which are in accord-
ance with those obtained in the pore size distribu-
tion (Fig. 3).
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Fig. 5. TEM images of the pseudoboehmite nanostructures, a) y-AIOOH-A, b) y-AIOOH-B, ¢) y-AIOOH-C and d) y-AIOOH-D

4. CONCLUSIONS

In this paper, the simple synthesis of pseu-
doboehmite nanostructures using diverse alumi-
num sources at low temperature has been reported.
The above mentioned was done, without using any
surfactant or template. It is possible to obtain the
pseudoboehmite phase from Alx(SO.)s technical
grade, of low-cost, through the hydrolysis-precip-
itation route. The mesoporous pseudoboehmite
shows a high specific surface area (350 m?/g)
which is comparable with other materials fabricat-
ed using analytical grade precursors. The possible
use of a low-temperature, mild and environmental-
ly friendly synthesis, with high impact regarding
the costs of precursors and energy consumption
during the production of y-AIOOH nanopowders,
is presented as an alternative. The advantages of
these nanostructures include their simplicity, low-
cost and versatility with a wide range of applica-
tions in ceramics, adsorption, catalyst and catalyst
supports and moreover, complex apparatus is not
needed.
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