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Abstract In this research, transparent alumina ceramic was synthesized through the Spark Plasma Sintering
(SPS) process. In this respect, its chemical deposition in the presence of Magnesium Nitrate and Lanthanum
Nitrate, as the sintering agents, was surveyed. For this purpose, two types of alpha alumina powders (200 and
1000 nm) were used to prepare samples containing 100 ppm Magnesium Oxide and 100 ppm Lanthanum Oxide.
In the chemical deposition process, the pH factors were compared, and the absence of powder calcination was
investigated. In order to evaluate the phases, the samples were compared before and after SPS using X-Ray
Diffraction (XRD) analysis, and deliberation of the microstructure was done using Field Emission Scanning
Electron Microscopy (FESEM) analysis. Further, SPS was performed at 1500 °C at the rate of 50 °C/min under
the pressure of 70 MPa for 15 min. The results of the IR transmittance test showed that the pH was adjusted and
calcination was performed in 65 % of the 200-nm sample. EDS-Line analysis was then done to determine the
mechanism of the sintering aids. The obtained results revealed the placement of Lanthanum oxide along the
Alumina grain boundaries and the exclusion of the growth of Alumina grains during the sintering process while
Magnesium oxide formed a spinel lattice to increase the density of alpha Alumina. Of note, pH adjustment and
calcination reaction had significant effects on the enhanced transparency of the samples produced through the

chemical deposition process.
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1. INTRODUCTION

Fabrication of transparent ceramics has significantly
drawn researchers’ attention in recent years. According
to a study by Abbas Zadeh, in case Al,O3 nanopowder
was used with MgO and La;Oj; as the sintering aides,
increasing the percent of MgO from 0.1 up to 0.15 wt %
led to the formation of the secondary phases that
degraded the transparency of the samples. He further
observed that introduction of La;O; sintering aid would
enhance the light transmission of the sample up to 60 %
[1]. The introduction of magnesium oxide, lanthanum
oxide, yttrium oxide, zirconium oxide, and other rare
earth elements, as the sintering aides, to the Alumina
powder via different methods (e.g., mechanical alloying,
chemical deposition, etc.) enhanced the light
transmission. Alumina transparency can be greatly
improved by reducing the light scattering points, such as
grain boundaries, cavities, and pores [2]. Upon
increasing the content of magnesium oxide, the
probability of the formation of the secondary spinel
phases within the grains will increase, and this defect
tends to scatter the light, thereby reducing the
transparency of alumina ceramic. Increasing the percent
of lanthanum oxide, however, helps obtain alumina with

nonporous grains and a fine and compact structure. In
the presence of the magnesium oxide, movements along
the grain boundaries are limited by the spinel phase. In
case the sintering temperature rises above 1700 °C,
magnesium oxide is evaporated and consequently,
emission of the magnesium oxide vapour from the
sample surface results in inconsistent particle growth,
thus lowering the light transmutation. The particle size
decreases by adding lanthanum oxide [3]. The
lanthanum oxide stabilizes the alumina grain boundary
due to the large difference in the atomic radius. It should
be noted that this stabilization is achieved upon
complete placement of the lanthanum oxide along the
alumina grain boundary. Lanthanum oxide tends to slow
down the movements along the alumina grain
boundaries so that the pores will no longer remain within
the alumina grains. In fact, when the boundary
movement rate equals the pore movement rate, the pores
will remain within the grain boundaries where they join
one another and then disappear.

2. MATERIALS AND METHODS

Commercial-grade 200-nm alpha alumina powder
(purity: 99.99 %, a product of US-nano Company,
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average particle size: 200-300 nm, specific surface area:
12.8 m*/g) and 1000-nm alpha alumina powder (purity:
99.99 %, a product of US-nano Company, average
particle size: 800-1000 nm, specific surface area: 8.9
m?%g) as well as the sintering alides of magnesium
nitrate and lanthanum nitrate with the purity of 99.99 %
were procured from Sigma Aldrich Company. Phase
characterization of the alumina powders was done using
a Philips XRD apparatus operating in CuKa mode at 40
kV. As the sintering aids, 100 ppm of magnesium nitrate
and lanthanum nitrate were completely dissolved in
deionized water, and the effects of pH adjustment on the
transparency of the 200-nm alpha alumina sample were
investigated. In order to precipitate the magnesium
nitrate and lanthanum nitrate in the form of La (OH)3
and Mg (OH),, the pH was adjusted to 9.5. The effect of
calcination on the produced 200-nm powder was also
evaluated. In general, calcination was done at 800 °C for
a period of 120 min to release NO; gases and convert the
hydroxide of the sintering aid metals into the
corresponding metallic oxides. Sintering was also
performed at 1500 °C through the SPS 6010 at the
heating rate of 50 °C/min within the holding time of 15
min under the pressure of 70 MPa. During the
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preparation of a disk of 2 cm in diameter, they were
polished and subjected to IR light transmittance test by
means of a Lumex InfraLUM FT-08 FTIR spectrometer.
EDS-Line analysis was further performed to determine
the mechanism of the sintering agent.

3. RESULTS AND DISCUSSION

PH Adjustment leads to the precipitation of
magnesium nitrate and lanthanum nitrate salts (Mg
(OH); and La (OH)s, respectively), and calcination
before SPS releases NOs gases and converts hydroxide
of the sintering aid metals into the corresponding
metallic oxides, which itself affects the sample
transparency. Figure 1 demonstrates the effect of this
process on the IR transmittance. Through pH
adjustment, the IR transmittance of 65 % at the
wavenumber of 1500 1/cm was achieved while the
corresponding figure was 60 % when no pH adjustment
was applied. This indicates an enhancement in the IR
transmittance with pH adjustment. Moreover, at the
wavenumber of 1500 1/cm, elimination of the
calcination stage reduced the IR transmittance.
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Figure 1. Images of the 200-nm alpha alumina samples upon sintering at 1500 °C: (A) without pH adjustment, and (B) with pH
adjustment, on solutions containing the sintering agent salts
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Figure 2. Images of the 200-nm alpha alumina samples upon sintering at 1500 °C: (A) with pH adjustment and calcination and (B)
without pH adjustment and without calcination in solutions containing the sintering aid salts

4. CONCLUSION

The IR light transmittance depends on the sintering
temperature and time. In the case of the 1000-nm
sample, excessive particle growth led to an IR
transmittance of only 5 % (which is pretty insignificant)
at the wavenumber of 1550 1/cm. On the contrary, in the
200-nm sample, the limited presence of pores and

particle growth upon sintering resulted in an IR light
transmittance of 65 % at the same wavenumber of 1500
1/cm.
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