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Introduction

Today, catalysts play an essential role in the most of
chemical reactions. Catalyst usually contains three
parts as support, improver and active phases. Support
of catalyst provides a surface area for other pieces and
have important role on the stability (thermal, chemical
and mechanical) of the catalyst. Alumina is one of the
popular supports used in industries due to its availability
and cheap price [1]. Alumina has two main phases,
gamma (y) and alpha (o). Gamma alumina has a high
surface area and good activity as a catalyst. However,
obtaining pure gamma alumina has difficulties [2].

The shaped catalyst is usually utilized in chemical
process while the popular routs for catalyst
preparation such as co-precipitation, impregnation
and hydrothermal lead to a powder type. Therefore,
an additional process have to use to shape the catalyst
[3, 4]. There is an in-situ method for preparation of
granular catalyst by dropping the initial solution of
precursors in oil. In this method, the raw materials
are immersed in an oil with a temperature of 90-100
°C for 10 min, they are hardened by ammonia or
hydrocarbon solution. Although this method has many
uses, the problem of this method is the possibility of
destroying the granule structure in hot oil. Islam et al.
[5] suggested that the use of an oil column (paraffin)
can be a suitable alternative to oil containers.
However, there are some factors for fabrication
of millimetric dimension that can be considered.
Therefore, in this research, the method of dripping
gel into an oil (paraffin) column was used to produce
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alumina granules, and the effect of several factors such
as the temperature and length of the paraffin layer, the
concentration of

ammonia solution in the ion exchange stage to
harden the granules, and the temperature rate in the
calcination stage was evaluated. The dimension and
shape of synthesized samples were visually examined,
and the optimal structure was carefully evaluated by
photographing with an equipped microscope and using
photo analysis software. Finally, the physical and
chemical properties of the sample were evaluated.

Materials and Methods

Catalyst Preparation

Gamma-alumina (y-Al,O,) was synthesized from
boehmite. 300 gr of boehmite was ultrasonically
mixed in 1 L of deionized water. Then the solution was
stirred at 75 °C when 2 M HCI solution was dropped
to adjust the pH on 1. After obtaining a viscous gel, it
was pumped via a peristaltic pump with the rate of 0.5
mL/s into a column containing two layers (ammonia
at bottom and paraffin on top). After aging for 1 h
in ammonia solution, the granules was washed with
ethanol and water and dryed at room temperature for
overnight. Finally, the samples was calcined in oven at
700 °C for 3 h [6].

In this process, the synthesis conditions such as length
and temperature of paraffin layer, concentration of
ammonia layer, and the rate of calcination temperature
was investigated.
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Catalyst Characterization

The synthesized granules were analyzed with
photographic method. Moreover, the proper ones
at optimal conditions were analyzed using Stereo
Microscope Meiji Techno EMZ-5 (Japan). The
morphology of samples was analyzed using XRD
(UNISANTIS/XMP 300) and the chemical bonding
was detected using FTIR analyses. The surface area
of the optimum sample was determined using BET
method via BET-201A apparatus.

Results and Discussion

Temperature of Paraffin Layer

As known, an increase in temperature causes to
decrease the cohesive forces and surface tension
in the interface. When the temperature of paraffin
layer was as same as room temperature, the alumina
precursors gel could not move across the paraffin layer
to ammonia piled on each other. By increasing the
temperature of paraffin layer to 65 °C, the granules
easily passed through the interface and entered to
ammonia layer [7].

Length of Paraffin Layer

Due to its surface tension, paraffin causes the gel
of the raw materials to tilt towards its most stable
compressive structure, i.e. spherical. Figure 1 shows
the effect of paraffin layer length on shape of alumina
gel. By increasing the length of the primary granular
gels’ fall path in the paraffin layer, enough time is
provided for the influence of stretching effects and a
suitable spherical structure is formed, consequently.
Therefore, the length of paraffin layer was adjusted on
30 cm [6].

Concentration of ammonia layer

Ammonia solution with a certain concentration is used
for the aging time of the granules after passing through
the paraffin layer. The concentration of ammonia
solution can greatly affect the shape and structure
stability of granules. The effect of ammonia solution
concentration on the shape of alumina gel is shown
in Figure 2. The ammonia solution concentration
must reduced to around 10% for preventing the
disintegration of the granule structure.

The Rate of Temperature in Calcination Step
Calcination is a very important factor in the formation
of crystal structure, pore size distribution, thermal and
chemical stability of metal oxides as catalyst or support.
In order to synthesizing a substance with a granular
structure, the rate of increasing the temperature to
desirable temperature is an important factor, because
the egression of liquid (water, acid, ammonia) from
within the structure of the produced gel may even
cause the destruction of the granular form [8].

Fig. 1 The synthesized granular alumina in paraffin layer
with length of (a) 15 cm, and (b) 30 cm.

[ .
Fig. 2 The synthesized granular alumina in ammonia solu-

tion with concentration of (a) 65%, and (b) 10%.

The calcination temperate rate was varied from 1-8
°C/min. The results showed that the structure was
maintained stable without wrinkles and cracks at a low
temperature rate (1 °C/min).

The Shape Analysis

The shape quality and factor of the sample was
evaluated via the digital images depicted by
microscope with high resolution as shown in Figure
3. Around eleven granules was assessed, and it was
obtained that the most of the synthesized alumina has
a spherical structure. A small number of them has non-
spherical shapes which can be the result of improper
drop formation when the gel descends into the paraffin
layer, or the time difference between the spherical
spheres during ion exchange in the ammonia solution.
The granules had the diameter between 2.5-3.6 mm.

Structural Analysis Assessment

The XRD analysis of the prepared granules at optimum
conditions is shown in Figure 4(a). The plot shows that
the sample had a gamma alumina structure. The major
peaks could detect at 19.5, 37.6, 39.5, 45.8, 60.9 and
67° which related to the crystalline sheet of [1 1 1], [3
11,[400],[511],[11 1] and [4 4 0], respectively

[9].
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Fig. 3 The granular alumina synthesized with dripping
method in paraffin-ammonia layer.
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Fig. 4 (a) XRD, and (b) FTIR plots of the synthesized
granular alumina.

The FTIR analysis was also performed in the range
of 400-4000 cm! as shown in Figure 4(b). The major
peaks could observe at 3400 cm™!, 1640 cm™ and 1385
cm-1 which are related to O—H group of physically
adsorbed water on the surface of alumina or reacted
with Al cation in the form of AI-O—H [10]. Moreover,
the Al-O bonds related to strength of hexagonal and
tetrahedral structures of AlO, and AlO, could detect
at 500-650 cm™ and 650-850 cm-1, respectively [2].
The BET analysis of the synthesized granular alumina
was performed that the surface area, pore volume and
mean pore size obtained 79.8 m2.g!, 0.0407 cc.g' and
4.2 mm, respectively.

Conclusions

In this research, y-Al,O, with granular Structure was
synthesized using dripping method. The effective
variables such as the length and temperature of paraffin
layer, concentration of ammonia layer and heating rate
of calcination te mperature step during synthesizing
of granules were investigated. The results showed
that the same spherical structure is obtained under
the condition of paraffin layer temperature of 60 °C,
paraffin column length of 30 cm, ammonia solution
concentration of 10% and calcination temperature rate
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of 1 °C/min. The synthesized granules have an average
particle size of 3 mm, This method could be useful for
the synthesis of metal oxides with a granular structure.
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