{isine cranes Journal of Ultrafine Grained and Nanostructured Materials
by https://jufgnsm.ut.ac.ir

Vol. 52, No.1, June 2019, pp. 84-89

Print ISSN: 2423-6845  Online ISSN: 2423-6837

DOI: 10.22059/JUFGNSM.2019.01.09

The effect of cobalt addition on the meso-porous structured
v-Alumina synthesized by aqueous sol-gel method

Manoochehr Sobhani*, Hossein Tavakoli

Faculty of Materials & Metallurgical Engineering, Semnan University, Semnan, Iran.

Recieved: 02 January 2019; Accepted: 09 April 2019

* Corresponding author email: m.sobhani@semnan.ac.ir

ABSTRACT

In the present study, the gamma alumina (y-ALO,) nano powders have been prepared with addition of
1%mol Co using an aqueous sol-gel method at lower temperature than the pure gamma alumina. The
synthesis process accomplished by partial hydrolysis of the aqueous solution of metallic ions AFF* and Co%,
with ammonia. The AI(NO,),.9H,0 and Co(NO,),.6H,0 salts were used as cations sources. The obtained gel
at 40 °C dried at 120°C and calcined at different temperatures. X-ray diffraction (XRD), scanning electron
microscopy (SEM), transmission electron microscopy (TEM) and BET method of surface analysis were
applied for powders characterization. The results indicated that the well crystallization of the gamma
phase occurred at about 700°C for the Co doped samples while it was 900 °C for the pure sample. The
specific surface area and particle sizes of the powders varied from 186 to 140 m?/g and 8 to 11 nm for
pure and cobalt added y-Al,O,, respectively. Both powders have the meso-porous structure according to
the hysteresis loop of the adsorption/desorption curves of BET analysis. In addition, the TEM diffraction
pattern of the gamma alumina at the presence of Co contains some bright diffracted points due to its
higher degree of crystallinity in comparison with the pure powder.
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1- Introduction

Alumina (Al O,) has different transition phases
that converted to another with temperature
increasing.  Crystalline  phases  formation
accompanied with thermal dehydroxylation of
the aluminum hydroxides or oxyhydroxide in a
temperature range of about 300-600°C [1, 2]. All
of them transformed to a-alumina at about 1100°C
[3-5]. From them, y-alumina has been shown to be
significant industrial catalysts or catalyst substrate
in chemical processes [6-8]. It used as a support
for cobalt based catalysts in the Fischer-Tropsch
(FT) method to production of the clean fuels [9,
10]. The development of the y-alumina supported

catalysts containing cobalt, molybdenum, iron
or cupper according to their evaluation in the
oxidative desulphurization process of diesel fuel
have been widely investigated [11-15]. There are
several methods of wet chemistry such as sol-gel,
combustion and precipitation based on alumina
salts in aqueous or non-aqueous systems for
synthesis of gamma alumina phase [6, 16-18]. At
the combustion synthesis slow decomposition at
low pH values 2, 4 and 6 obtained flaky powders and
the rapid decomposition at high pH = 10 cause to
make fine powders [16]. Morphological controlling
of synthesized alumina powders has attracted
the attentions due to its different interesting
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properties [8, 19]. The authors achieved to the
wormlike y-ALO, with meso-porous channels
after calcinations of the prepared precursors
from ionic liquid [Bmim]PF6 and Aluminum
isopropoxide at about 600 °C [20]. In another
combustion procedure at the presence of the urea
and glycine as fuel and AI(NO,), as oxidizer, the
pure gamma alumina phase obtained directly at an
optimum ratio of the urea to glycine with average
crystallite size of about 5 nm [21]. Simultaneous
addition of the anionic and non-ionic surfactant to
the alumina sol resulted in formation of alumina
nano-rods with about 30 m?/g of specific surface
for calcined powders at 1000 °C [22]. Precipitation
of the aluminum nitrate solution with different
precipitating agent such as NaHCO,, (NH,),CO,,
Na,CO, and NH _HCO, leads to formation of the
boehmite phase and gamma alumina obtained
after calcination of the boehmite at 550°C [23].
Therefore, regarding to the literature due to the
importance of the metallic ions presence (such as
cobalt cations) in the y-Al O, phase, as a novelty in
the present study synthesis and characterization of
the y-alumina with addition of cobalt cations have
been investigated. Also, synthesis with low-cost raw
materials and simple sol-gel method followed up.

2- Materials and methods
The starting used raw materials of the present
work were aluminum nitrate (AI(NO,),.9H,O,

98.5%) and cobalt nitrate (Co(NO,),-6H,0). Also,
ammonia solution 25% was used as basic addition
for cation hydrolysis process step. The flowchart
of the synthesis procedure is shown in Fig. 1. All
of them were purchased from Merck chemical
company Germany. At first About 7.5 g (0.02 mol)
of aluminum nitrate (0.01 mol of alumina) was
dissolved in 50 cc of de-ionized water and 0.029
g (0.0001 mol) of cobalt nitrate was added slowly
under continuous magnetic stirring. The solution
was maintained for 2 hours under stirring. The
molar ratio of the basic agent to Al cations was
1:3, lower than the enough amount of the fully
hydrolyzation, according to the below equation
[23]:
AI(NOs)s + 3 NH4OH = AI(OH); + 3 NH.NO; ~ (eq. 1)

Hence, diluted ammonia introduced drop-wise
to the solution under continues magnetic stirring
at 40 °C for 4 h. The obtained concentrated gel was
dried at 120 °C. To avoid the risk of the explosive
nitrate decomposition, the gel was heated to 250 °C
for 2 h. The dried product calcined at 550, 700 and
850 °C in an electrical furnace at air atmosphere to
obtain the final powders. The heating rate was 10
°C/min with soaking time of 2 h.

X-ray diffractometer (XRD), (Model: Siemens
D-500) with CuK, (A=1.54 A°") radiation was
applied to phase determination of the powders.

Aluminum nitrate

solution

y

Magpnetic stirring
at 40 *C (2 hours)

.

NH4OH solution
Drop-wise

v

Drying gel at 120 °C
(4 hours)

}

Heating at 250 °C
(2 hours)

y

Calcination at different
temperatures

Fig. 1- Flowchart of the aqueous sol-gel process of Co-doped y-alumina.
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Crystallite size of the synthesized powders
(Gyp) Was measured by the Scherrer formula
[22]. Additionally, to eschew the instrumental
broadening of the diffracted peak, obtained B(26)
was refined using the FWHMSs of the standard
silicon sample. The Brunauer-Emmett-Teller
(BET) method with nitrogen gas adsorption, using
a surface area analyzer (Model: BELSORP II) was
used for specific surface area (SSA) and pore size
distribution determination of the synthesized
powders. The size of the particles (G,,) was
calculated from the BET results regarding to the
following equation [24]:

Gper = S 2
o p y—AluminarSSA (eq )
Where: p ... is the density of the y-alumina

and SSA is the specific surface area (m?/g) of the
powders. Observational microstructure studies
were done by field emission scanning electron
microscopy (FESEM) apparatus (Model: MIRA
II). Transmission electron microscope (TEM)
model: PHILIPS-CM3U was used to structural and
size examination of the samples. For the sample
preparation first, the powders were ultrasonically
dispersed into absolute ethanol and the resultant
suspension was spread on the surface of a
copper grid. The camera length was 175 mm and
acceleration voltage was 150 kV.

3- Results and discussions

Figure 2 shows the X-ray diffraction analysis
results for sample A, that prepared without cobalt
addition and calcined at various temperatures. It
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Fig. 2- X-ray diffraction patterns of pure y-alumina (A) powders
calcined at various temperatures.

revealed that there is no more crystallized phase at
500 °C. According to the related crystallographic
habit plane (440), crystallization of gamma alumina
phase from amorphous precursor occurred at
about 700 °C while, there are no sign of the other
transition phases. During further increment of
the calcinations temperature to 900 °C, the other
characteristic peak of the gamma alumina such as
(400) and (311) have been emerged. The diffracted
peaks are widened due to the deviation from
the Bragg’s law. This is a characteristic behavior
for diffraction patterns of the nano-crystalline
materials. Furthermore, crystallization of the
other hydrated or transition alumina phases not
observed.

The X-ray diffraction results of the sample AC,
calcined at various temperatures, are shown in
Fig. 3. The result for the sample AC-500, calcined
at 500 °C, is similar to the sample A. there are
no significant peaks of the y-alumina at this
temperature. While for the sample AC-700 the
increment of the temperature cause to a noticeable
sharpeningin the peakintensity for (440) and (400)
planes in comparison with the sample A-700 at
figure 2. It obviously indicates the improvement of
the crystallization of gamma alumina phase at this
temperature at the presence of cationic addition of
cobalt ions. During increment of the temperature
to 900 °C the precursor well crystallized to gamma
alumina and the other peaks have risen according
to the JCPDS card 50-0741 [25]. The peak widening
of the synthesized powders AC decreased at the
presence of Co in comparison with the samples A.
decreasing of the FWHM of the samples AC can be
attributed to the cobalt effect in the facilitating and
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Fig. 3- X-ray diffraction patterns of y-alumina + 1%mol.Co (AC)
powders calcined at various temperatures.
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lowering the temperature of crystallization. Also, it
caused to increasing the degree of crystallinity and
the size of the final particles.

Fig. 4 shows the nitrogen adsorption/desorption
isotherms of samples A and AC calcined at 700 °C.
In the International Union of Pure and Applied
Chemistry (IUPAC) classification, there are three
types of porous materials [8]. With respect to the
pore diameters (r ) they are: micro-porous (r < 2
nm), meso-porous (2 nm < r_ < 50nm) and macro-
porous (50 nm < rp). Both of A and AC hyseresis
loops are related to the form H1 of the type IV.
Theses materials have been classified as the meso-
porous powders and include vertically parallel lines
in the adsorption/desorption curves [26]. The two
branches of the hysteresis loops are almost vertical
and nearly parallel, which is consistent with H1
hysteresis loops of the N, adsorption isotherms
[15]. The loop of the AC sample moved to the high
pressures value in comparison with the sample A. It
shows the increasing of the pore size in AC samples

during grain growth occurring at the presence of
Co addition.

Pore size distribution of A and AC samples that
were calcined at 700 “C have been presented in Fig.
5. The size of the pores is below 10 nm that is the
characteristic of the meso-porous materials. The
distribution obtained by Barrett-Joyner-Halenda
(BJH) technique from nitrogen adsorption/
desorption isotherms. For sample AC the pore size
shifted to higher value in both of the adsorption
and desorption branches due to grain coarsening
of the synthesized particles at the presence of the
Co cations. Numerical result of BET and calculated
size of the particles are listed in table 1. Particle
size values were determined correspondent to
BET method (G,_,) using equation 1 and Scherrer
method (G, ) using FWHMs values. The value of
gamma density was assumed 3.7 g/cm’ in equation
1, as respect to the JCPDS card 50-0741. Specific
surface area of the Co added sample is lower than
the pure sample due to well crystallization and

Table 1- Specific surface area and particle size variation with gelatin amount

Sample Specific surface area GBET mean pore size (1p) Gxrp
P (m?/g) (nm) (nm) (nm)
AC-700 140 11.6 5.5 11
A-700 186 8.7 6.5 7
1.00
0 —2-Des A-700
20 —A— Ads A-700 0.90 1
—o— Des AC-700
—— Des A-700 ]
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Fig. 4- Adsorption/desorption isotherms of A-700 and Ac-700
powders calcined at 700 °C.
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Fig. 5- Pore size distribution of A-700 and Ac-700 powders
calcined at 700 °C.
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grain coarsening at the calcination temperature 700
“C. Crystallite size of the particles, G, , is nearly
the same obtained value from SSA and it revealed
that the most of the powders particles are single
crystals. In addition, few decreasing in the mean
pore size (rp) of AC-700 in comparison with the
A-700 can be attributed to the partial sintering of
the nano particles during calcination.

In agreement with the XRD and BET results

BEMHV: 1500 K/ WD:5.182 mm
iew field: 1.445 yum  Det InBeam

[FEM MAG: 100.00 kx  Date(myidiy): 08/08/16

MIRALTESCAN SEM HV: 15.00 kv

/ Viewfield: 1.445 um  Det InBeam
IROST Il SEM MAG: 100.00 ko Date(midsy): 08/08/16

coarsening of the powders are shown in SEM
micrograph at Fig. 6. The powders A-700 include
a narrow distribution and AC-700 shows some
aggregate particles during partial sintering that it
lead to decreasing of the specific surface area and
increasing the size of the grains.

Figure 7 shows the TEM and selected area
electron diffraction (SAED) results for the A-700
and AC-700 samples. Related planes of diffracted

WD: 5.180 mm MIRAN TESCAN

IROST n

200nm

Fig. 6- FESEM micrograph of the A and AC powders calcined at 700 °C.

Fig. 7- TEM microgrph with SAED images of the A and AC powders calcined at 700 °C.
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points of the gamma structure were solved by
Rd = n), formula [27]. TEM image of the sample
A-700 indicate to the fine grains, while for AC-700
the particles are coarsened and aggregated. SAED
of the A-700 contains the ring shape diffracted
from the (311), (400) and (440) planes that is the
characteristic of the fine and nano powders [18]. It
contain some bright point of diffraction for AC-700
similar the crystalline materials.

4- Conclusion

Cobalt addition in the aluminum nitrate
solution causes the lowering synthesis temperature
of the y-alumina phase. Phase crystallization at
the presence of 1 %mol cobalt cations occurs at
about 200 °C lower than the pure precursor. Both
hysteresis loops of the powders were in the form
H1 of the type IV that classified meso-porous
powders. Crystallite and grain size of the cobalt
doped sample was coarser than the pure sample
and specific surface area decreased from 186 to
140 m*/g in the presence of cobalt additive. Also,
Cobalt doped powders show some bright point
in the diffraction patterns of TEM due to its well
crystallization in comparison with the pure powder.
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