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Abstract. The aim of this research was to determine the effect of calcination temperatures on
the ratio of atomic weight of Al/O that could affect the formation of y-Al,O; phase. The
novelty of this research is how to produce y-Al,O; in single phase and nanosize by simple
method (sol-gel method).The calcination process was performed at a temperature which varied
of 190°C, 275°C and 320°C for 4 hours respectively and sinter process carried out at a
temperature of 420°C for 6 hours. Calcination process at temperature of 320°C for 4 hours
produces powder with the ratio of atomic weight of Al/O in accordance with the ratio of atomic
weight of Al/O in Al,O; compound, 0.6667 (2/3). This ratio is as expected for a compound
according to formula of Al,Os. This condition also produces alumina powder with the smallest
particle size on the nanometer scale of 84.5 nm. SEM test results show that the grain is still
heterogenous in size and shape. The results also show that the grain is still agglomerated.

1. Introduction

Catalyst of monometallic, Pd supported by y Al,Os, are used in a variety of applications including
selective hydrogenation, catalytic combustion, and vinyl acetate synthesis. Commercial catalyst of
Pd/y-AlL,O; typically are prepared by aqueous impregnation using inorganic salt precursors. The most
common technique, incipient wetness impregnation, often results in non-uniform Pd distributions,
poor Pd dispersions, and unwanted modification of the surface chemistry of the support[1]. In recent
years, increasing attention has been focused on the development of nano-sized alumina powders for
advanced engineering materials [2,3]. Conventional processes for synthesizing ceramic of nano
powder involve mechanical synthesis, vapor phase reaction, precipitation, and combustion and sol—gel
methods [4]. Catalytic dehydration of methanol over solid-acid catalysts offers a potential process for
dimethyl ether synthesis. Several catalysts having activity and selectivity for the catalytic conversion
of methanol to DME are known, the so called acidic dehydration catalysts [5,6,7]. Commercially -
AlLO; is used to a large extent for this reaction at a temperature range of 270 to 380°C. The
sonochemical synthesis of nanophase materials has the advantage that various classes of materials can
be generated simply by changing the reaction medium. So it is worthwhile to overview the different
applications, where cavitations can be used efficient. Preparation of metal and metal oxide
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nanoparticles immobilized on various materials is one of the key researches in nanoscience and
nanotechnology, because an excellent synergy and Bifunctional effect would be expected [8]. It is
well known that the alternative method for generating stabilized metal nanoparticles involves
synthesizing them in or on nanoporous supports, which help define particle size and serve to
immobilize the resulting particles [9]. Compound of y-Al,O; is most known transition alumina as a
catalyst support compound, where the compound of y-Al,O; is stable at high temperature, physically
stable, strong and malleable in the manufacturing process. However, commercially y-Al,O; is not
available in single phase and still relatively expensive. The aim of this research is to produce buffer
catalyst of y-Al,O; in single phase, nanoparticle size and the weight ratio of atomic Al/O = 2/3
(0.6667). It is produced by method which is easier and more economical. One way to improve the
performance of the catalyst is made in size to nanoparticles of the buffer. Use of the catalyst
nanoparticles have been studied by several researchers using ZSM-5 catalyst in cracking LDPE (Low
Density Poly Ethilen). The results showed that the nanoparticles ZSM-5 had higher catalytic activity
than the microparticles. Therefore, in this research the size of the compound of y-Al,O; was produced
in the size of the nanoparticles. The method used in this research was sol-gel because this method has
many advantages such as the process takes place at low temperatures, the process is relatively easy,
could be applied in all circumstances (versatile), producing products with high purity and homogeneity
if the parameter is varied. In addition, the most impressive of the sol-gel process is relatively cheap,
and products in the form of silica xerogel produced non-toxic [10] .Alumina have had a relatively hard
physical properties, relatively stable at high temperatures, low electrical conductivity, melting point
high, large pore structure, and has a surface area in the range of 100-200 m’ / g. With these
characteristics, causes the alumina is often used in industries, such as absorbents, abrasives, catalysts
and catalyst support. In the active form, alumina has a polar surface that is able to adsorb polar
compounds. In research conducted by Rahmanpour [11], y-Al,O; synthesized from Al(NO3); 9H,0O
(0.26M), NH,OH (3.2%), and deionized water at pH of 7.5-8.5 with a temperature of 310 to 340 ° C
for 15 hours and had crystal size of 1-2 nm.

2. Methods

Aluminum nitrate  {AI(NOs);-9H,0, 99.5%}(Merck), Ammonia {NH40H, 32%} (Merck) and
deionized water were used as starting chemicals. A transparent gel-like precursor containing Al
cations is precipitated at pH ~7.5-8.5 when ammonia (3.2%) and Al nitrate salt solutions (0.26 M) are
mixed together in 400 ml deionized water. The solution was mixing under ultrasonic vibration and
maintained at a temperature of 70°C for 2 h. The following chemical reactions occurred during
preparation:

Al(OH); —»  AIOOH ¥ + H,0
AIOOH —> A|203 + Hzo

Sol-gel process was preceeded by the formation of a gel by heating the solution on a hot plate at a
temperature of 70-80°C until the gel was formed (approximately 4-5 hours). Gel was then tested by
TGA / DTA to determine the temperatures of the phase transformation. The temperatures were used as
references of the calcination and sintering processes. The parameters varied were the calcination
temperatures of 190°C, 275°C and 320°C respectively for 4 hours. The sintering process was done
after the calcination process at a temperature of 420°C for 6 hours. Characterization of the resulting
powder was done by X-Ray Diffraction / XRD (Phillips type) test to confirm the formation of phases
and determine the ratio of atomic weight Al/O. Observation by Scanning Electron Microscope/SEM
(type JEOL/EO, JEM-1400 Version 1.0) was to determine the morphology of the grains. To determine
the particle size, it was used Particle Size Analyzer/PSA type of Beckman Coulter DelsaTM Nano by
using a solution of dispersing Ethyl Alcohol left for 4 days then the particle / powder was broken again
by using ultrasonic. Tests using TGA / DTA (Thermal Gravimetry Analyzer / Differential Thermal
Analysis) performed on gel (before the calcination process) was to determine the temperatures of the
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phase transition that could be observed through the powder mass reduction and a decrease in energy
when the gel was heated at temperatures of up to 1000°C. This research was conducted by the flow
chart as shown in Figure 1.

Figure 1. Equipments of y Al,O; Synthesis.

3. Results and Discussion
To find out the calcination and sintering temperatures, they were tested by the TGA/DTA that the
results are shown in Figure 2.
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Figure 2. TGA/DTA Test of citric acid gel based on y Al,O3,
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Figure 2 shows that the loss of mass and energy reductions occur simultaneously in a temperatures
range of 189.36°C-317.15°C. In the temperatures range, H,O and other elements evaporated which is
derived from precursor used. The calcination process is performed at temperature in the range that is at
190°C, 275°C and 320°C for 4 hours. The next energy changes on the diagram TGA / DTA occurs at
temperatures of 416.91°C. At this temperature it begins to form alumina phase and it happens
crystallization of alumina. So Sinter process is carried out at 420°C. The XRD results are shown in

Figure 3, 4 and 5.
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Figure 3. XRD Result and Crystal Pattern List of Alumina Calcined at 190°C for 4 Hours.
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Crystalli  Ref. Code Score  Compound Displacemen Scale Factor Chemical

te Size Name t[*2Th.] Formula
3144 980028260 58  Aluminium 0.000 0.470 Al10.6666
Oxide 016.9999
(10.6666/
16.9999=
0.6275)
Figure 4. XRD Result and Crystal Pattern List of Alumina Calcined at 275°C for 4 Hours.
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Figure 5. XRD Result and Crystal Pattern List of Alumina Calcined at 320°C for 4 Hours.

Figure 3, 4 and 5 show that in fact the whole powder calcined at varied temperature having y-phase
100% Al,Os. There is no impurity phase contained by powder that is calcined at temprature of 190°C,
275°C and 320°C for 4 hours respectively. It could be seen from the pattern shape in which all peak
are swept by one color (blue). However ratio of atomic weight Al/O for powder calcined at 190°C and
275°C are not same with ratio of atomic weight of Al,O3 (2/3). Powder calcined at 320°C for 4 hours
has an ratio of atomic weight of Al/O equal to the ratio of atomic weight of Al/O on Al,O3 powder
(2/3). The lower temperature of calcined causes unexpected formation of Al,Os, due to insufficient of
heat energy provided to achieve a balance of Al,O; chemical compounds. From the results of this
refinement could also be known that the y Al,O; powder calcined at 190°C, 275°C and 320°C for 4
hours has crystallite size ranged 2.87-3.50 nm. This leads to the formation of particles in nano size

anyway (<100 nm). Crystal Pattern list of powder for all calcined temperatures shown in Table 1.
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Table 1. Crystal Pattern List For All Samples

NO Treatment Chemical Formula Al/O Ratio Crystallite Size
(Sintering at 420°C for 6 Hours) (nm)
1  Calcined at 190°C for 4 Hours Al9.6666012.9999 0.7436 3.50
2  Calcined at 275°C for 4 Hours Al10.6666016.9999 0.6275 3.14
3 Calcined at 320°C for 4 Hours Al10.6666015.9999 0.6667 (2/3) 2.87

To know the chemical formulas shown in Table 1, it is used the result of XRD test which has been
refined by HighScorePlus (HSP) software.To determine particle size of powder, the PSA test results
are shown in Figure 6. The PSA test used a solution of ethyl alcohol to dissolve the powder tested,

then the crushing process is carried out by ultrasonic.

particles of the powder to prevent agglomeration.
80
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Figure 6. Particle Size Distribution (a) Calcined at 190°C (b) Calcined at 275°C (c) Calcined at 320°C.

Figure 6 shows that the powder has particle in nanosize (<100 nm) except powders calcined at
190°C for 4 hours. Powder with ratio of atomic weight of Al/O = 2/3 has the finest particle (85 nm).
The results of the measurements of the particles showed that the sol-gel process has not yet reached
the optimum conditions, Expected condition is a powder with a particle size of 20-30 nm when
referring to crystal size of between 2.87 - 3,5 nm. To determine the morphology of the grain is
observed by Scanning Electron Microscope (SEM), the result is shown in Figure 7.
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Figure 7. SEM Observation of Powder Calcined at 320°C for 4 Hours.

Figure 7 shows that the powder is still in agglomeration and has not been homogenous in size and
shape. Nevertheless, it could be still used as supporting material for catalyst because it would be
wrapped up with other elements (for examples : Pd, Pt etc). The most important thing is purity of y
Al,O3 powder.

4. Conclusion

The condition of sol-gel process which is at the calcination temperatures of 190°C, 275°C and 320°C
for 4 hours and sintering temperature of 420°C for 6 hours produce y Al,O; powder in single phase
without impurities phase. But this condition produces powder of y Al,O; in differences of atomic
weight of Al/O. Powder having ratio of atomic weight of Al/O = 2/3 (which is expected as according
to Al,Os) is powder which is calcined at 320°C for 4 hours. The powder having nanoparticles is
powder which is calcined at 275°C and 320°C (98 nm and 85 nm respectively). The morphology of the
grain is still heterogenous in size, shape and still agglomerated. Although powder has particle in
nanosize but it is not as expected particle size is about 20-30 nm when referring to the crystal size is
about of 2.87-3.5 nm.
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