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bstract

nAl2O4 powder was synthesised by reacting equimolar ZnO and Al2O3 powders in alkaline chlorides (LiCl, NaCl or KCl). Formation of ZnAl2O4

tarted at about 700 ◦C in LiCl and 800 ◦C in NaCl and KCl. With increasing temperature, the amounts of ZnAl2O4 in the resultant powders
ncreased with a concomitant decrease of ZnO and Al O . ZnAl O powder was obtained by water-washing the samples heated for 3 h at 1000 ◦C
2 3 2 4

LiCl) or 1050 ◦C (NaCl and KCl). ZnAl2O4 formed in situ on Al2O3 grains from the surface inwards. The synthesised ZnAl2O4 grains retained the
ize and morphology of the original Al2O3 powders, indicating that a template formation mechanism dominated formation of ZnAl2O4 by molten
alt synthesis.

2007 Elsevier Ltd. All rights reserved.
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. Introduction

Zinc aluminate (ZnAl2O4) is extensively employed in func-
ional ceramic materials due to its superior catalytic, thermal and
ptical properties. ZnAl2O4 is used as a catalyst in many cat-
lytic reactions, such as cracking, dehydration, hydrogenation
nd dehydrogenation reactions.1 It can also be used as a cata-
yst support since it has good thermal stability, low acidity and
ydrophobic behaviour. Furthermore, ZnAl2O4 has potential for
se in ultraviolet (UV) photoelectronic devices because the opti-
al band gap of polycrystalline ZnAl2O4 (3.8 eV) indicates that
t is transparent to light with wavelengths > 320 nm.2,3 Finally,
t can be used as a second phase in glaze layers of white ceramic
iles to improve wear resistance and mechanical properties and
o preserve whiteness.4

Various methods have been developed to prepare ZnAl2O4.
nAl2O4 powder can be produced by conventional mixed oxide
ynthesis (CMOS)5,6 followed by repeatedly crushing and grind-
ng. On the other hand, wet chemical approaches can prepare

ne (nano and submicrometre) ZnAl2O4 powders with good
hemical homogeneity and narrow particle size distribution
t relatively low temperatures, although these wet chemical

∗ Corresponding author.
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ethods often suffer from drawbacks such as the need to
se expensive and environmentally unfriendly organic/inorganic
recursors and solvents. Reported wet chemical approaches
nclude co-precipitation,7 sol–gel,2,7–9 hydrothermal10–12 and
yrolysis13 methods.

Molten salt synthesis (MSS) is a well established low temper-
ture synthesis technique that has recently attracted increasing
nterest. It has been used to synthesise low melting electroce-
amic powders14 and high temperature complex oxide powders
e.g., MgAl2O4).15 The purpose of this work is to use MSS for
he preparation of ZnAl2O4 powder by heating equimolar ZnO
nd Al2O3 powders in alkaline chlorides (LiCl, NaCl or KCl).
ffects of processing factors (e.g., heating temperature, salt type
nd particle size of Al2O3 powder) on the formation of ZnAl2O4
ave been investigated, and the synthesis mechanism discussed.

. Experimental procedure

ZnO manufactured by the French process (Aldrich, <1 �m,
99.9% pure), low-soda calcined Bayer-derived Al2O3 (Alma-

is, Na2O < 0.10%, D50 = 0.80 �m, hereafter referred to as

ne Al2O3) and intermediate-soda calcined Al2O3 (Almatis,
a2O < 0.15%, D50 = 5.0 �m, hereafter referred to as coarse
l2O3) powders, Aldrich reagent LiCl (99.0% pure), ACS

eagent NaCl (>99.0% pure) and ACS reagent KCl (≥99.0%

mailto:w.e.lee@imperial.ac.uk
dx.doi.org/10.1016/j.jeurceramsoc.2007.02.195
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Al2O3 powders and ZnAl2O4 powders synthesised by heating
equimolar ZnO and fine Al2O3 in KCl salt at 1050 ◦C for 3 h. The
as-received ZnO powder is less than 0.3 �m in size and mainly
ig. 1. XRD of powders prepared by heating equimolar ZnO and fine Al2O3

owders in LiCl salt at various temperatures for 3 h.

ure) were used as starting materials. Equimolar ZnO and (fine or
oarse) Al2O3 powders were mixed with alkaline chloride (LiCl,
aCl or KCl) salts using an agate mortar. The weight ratio of salt

o oxides was 4:1. The mixtures were heated in a high purity alu-
ina crucible for 3 h at a temperature between 600 and 1100 ◦C.
he heating and cooling rates were 3 and 5 ◦C/min, respec-

ively. After cooling to room temperature, the reacted mass was
ashed for 2 h in hot distilled water followed by filtration to

emove the salts. This washing process was repeated five times.
he resultant powder was oven-dried at 105 ◦C for 4 h prior to
haracterisation.

Phases in the resultant powders were identified by pow-
er X-ray diffraction (XRD) analysis (Siemens D500 reflection
iffractometer). Patterns were recorded at 30 mA and 40 kV
sing Ni-filtered Cu K� radiation (λ = 1.54178 Å). The scan rate
2θ) was 1◦/min at a step size of 0.02◦. ICDD cards used to iden-
ify phases present were 36–1451 (ZnO), 10–173 (Al2O3) and
–669 (ZnAl2O4). Microstructural morphologies of the raw ZnO
nd Al2O3 and the synthesized ZnAl2O4 powders were observed
sing a field-emission gun scanning electron microscope (JEOL
500 FEGSEM, Japan). Element (Zn and Al) distributions in the
owders, obtained by heating equimolar ZnO and coarse Al2O3
owders in molten KCl salt at 1100 ◦C for 3 h, were mapped
sing a turreted Pentafet detector and ISIS 300 processing unit
ttached to a scanning electron microscope (JEOL 6400 SEM,
apan).

Chemical analyses of the synthesised powders were
erformed using X-ray fluorescence (XRF) (Bruker AXS,
arlsruhe, Germany, SRS 3400, wavelength dispersive) and

nductively coupled plasma-atomic emission spectrometry
ICP-AES) (Perkin-Elmer 3300 RL, Boston, MA) to check the
mpurity levels of Li, Na, K and Cl originating from the salts
sed.

. Results
Figs. 1–3 show XRD of powders obtained after water-
ashing the reacted masses of equimolar ZnO and fine Al2O3
owders in LiCl, NaCl and KCl salts, respectively. After heat-

F
p

ig. 2. XRD of powders prepared by heating equimolar ZnO and fine Al2O3

owders in NaCl salt at various temperatures for 3 h.

ng the fine Al2O3–ZnO–LiCl mixture for 3 h at 600 ◦C (Fig. 1),
nly ZnO and Al2O3 were identified in the resultant powder.
nAl2O4 peaks began to appear at 700 ◦C increased in height
ith increasing temperature from 700 to 900 ◦C whereas those
f ZnO and Al2O3 decreased. In the powder obtained at 900 ◦C,
nAl2O4 was the main phase with a small amount of ZnO and no
l2O3 detected. On further increasing temperature to 1000 ◦C,
nO disappeared, and single phase ZnAl2O4 was obtained.
RD data for ZnO, Al2O3 and ZnAl2O4 phases in the pow-
ers prepared using NaCl (Fig. 2) and KCl (Fig. 3) salts are
imilar to those using LiCl salt (Fig. 1). However, ZnAl2O4
eaks only began to appear at ∼800 ◦C which is 100 ◦C higher
han when using LiCl salt and a small amount of ZnO was still
een in the powders heated for 3 h at 1000 ◦C. On heating 3 h
t 1050 ◦C, single phase ZnAl2O4 powder was obtained in both
ases.

Fig. 4 shows SEI micrographs of as-received ZnO and fine
ig. 3. XRD of powders prepared by heating equimolar ZnO and fine Al2O3

owders in KCl salt at various temperatures for 3 h.
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Fig. 4. SEI micrographs of as-received (a) ZnO, (b) fine Al O and (c) synthe-
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ised ZnAl2O4 powders by heating equimolar ZnO and fine Al2O3 powders in
Cl salt at 1050 ◦C for 3 h.

pheroidal in shape. The calcined and ground fine Al2O3 crys-
als are less than 1.6 �m in size with various shapes such as
pheroidal, rectangular and platelet. ZnAl2O4 powders synthe-
ised using fine Al2O3 powder in LiCl at 1000 ◦C and NaCl

t 1050 ◦C are similar to those obtained in KCl at 1050 ◦C
Fig. 4(c)). The synthesised ZnAl2O4 powders have similar
hape and size to the fine Al2O3 powders.

e
t
d

ig. 5. XRD of powders prepared by heating equimolar ZnO and coarse Al2O3

owders in KCl salt at various temperatures for 3 h.

XRD of powders obtained by heating equimolar ZnO and
oarse Al2O3 powders in KCl salt is shown in Fig. 5. No
nAl2O4 was detected in the powder after heating 3 h at 800 ◦C.
nAl2O4 was detected at 900 ◦C, a temperature 100 ◦C higher

han when using fine Al2O3 powders. The ZnAl2O4 peak heights
ncreased with increasing temperature, but ZnO and Al2O3
ere still the main phases in the powders obtained at 1100 ◦C

or 3 h.
Fig. 6 shows micrographs of as-received coarse Al2O3 and

owders resulting from heating equimolar ZnO and coarse
l2O3 powders in KCl salt at 1100 ◦C for 3 h followed by
ater-washing. The calcined and ground coarse Al2O3 par-

icles are less than 13 �m in size with various shapes such
s spheroidal, rectangular and platelet. The resultant pow-
ers (Fig. 6(b)) retained the shapes and sizes of the original
l2O3 particles (Fig. 6(a)). Back-scattered image (BSI) of

ross-sections of the resultant powders (Fig. 6(c)) shows that
hey have three types of contrast: light, grey and grey shells
ith dark cores. Particles with dark cores are generally larger

han those without them. Zn and Al X-ray dot maps in the
EM (Fig. 6(d)) in combination with XRD (Fig. 5) revealed

hat the light particles are ZnO, the grey ZnAl2O4 and the
ark core Al2O3. Some ZnO particles in the obtained powders
ere larger in size (∼3 �m) than the as-received ZnO powder

<1 �m).
The impurity levels in the resultant powders determined

y XRF and ICP-AES are 0.05% Li and 0.08% Cl for fine
l2O3–ZnO–LiCl mixture after heating at 1000 ◦C for 3 h,
.05% Na and 0.04% Cl for fine Al2O3–ZnO–NaCl mixture
fter heating at 1050 ◦C for 3 h, and 0.04% K and 0.07% Cl
or fine Al2O3–ZnO–KCl mixture after heating at 1050 ◦C for
h, respectively. Because the main objective of this paper is

o illustrate the MSS method for synthesis of high-melting
omplex oxide ZnAl2O4, no further study has yet been car-
ied out to purify the synthesised ZnAl2O4 powders and to

xamine the effects of such levels of salt contamination on
he properties of ZnAl2O4 ceramics synthesised from the pow-
ers.
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Fig. 6. SEI of (a) as-received coarse Al2O3, (b) powders after heating equimolar
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nO and coarse Al2O3 powders in KCl salt at 1100 C for 3 h followed by
istilled water washing, (c) BSI of the cross-section of the resultant powders
nd (d) X-ray dot maps of Zn and Al of zone.

. Discussion

.1. Synthesis mechanism and effect of Al2O3 particle size
n synthesis

The salt melting points are 610 ◦C for LiCl, 801 ◦C for NaCl
nd 771 ◦C for KCl, respectively.16 After holding 3 h at 700 ◦C
or LiCl and 800 ◦C for KCl, all the salts melt. NaCl also should
e liquid after holding 3 h at 800 ◦C due to the effect of the
mpurities in the salt. ZnO is slightly soluble in the chlorides
sed in this work with solubility on the order of 10−2 wt.%,17–19

−5
hile the solubility of Al2O3, on the order of 10 wt.% in
hese salts,17,20 is much lower than that of ZnO. As a result,
uring MSS, ZnO would dissolve more easily in the molten
alts, diffuse to Al2O3 particle surfaces, and then react with the

4

o

amic Society 27 (2007) 3407–3412

l2O3 “template” to form in situ ZnAl2O4 which retains the
orphology of the starting Al2O3 grains.
The “template formation” mechanism is consistent with the

bservation that the synthesised ZnAl2O4 powders retained the
pproximate shapes and sizes of the original Al2O3 powders
Figs. 4 and 6). BSI and X-ray dot maps of the resultant pow-
ers using coarse Al2O3 (Fig. 6) provided further evidence that
nAl2O4 formed in situ on the Al2O3 template and grew from

he surface inwards.
This MSS of ZnAl2O4 involves (1) diffusion of dissolved

nO (in the form of Zn2+) onto Al2O3 particle surfaces, (2) dif-
usion of ZnO (probably in the form of Zn2+) to the unreacted
l2O3 core through the formed continuous ZnAl2O4 spinel

ayer and (3) reaction between diffused ZnO and unreacted
l2O3. The kinetics of the solid–solid reaction as well as the
echanism of ZnAl2O4 formation have been studied by vari-

us authors.5,21–23 Branson21 determined that in the solid–solid
eaction between ZnO and Al2O3 the diffusion of Zn ions
hrough the ZnAl2O4 layer is the rate-controlling step especially
n the late stages of the reaction.

In the MSS process, diffusion of ZnO to the Al2O3 particle
urfaces in the molten salt media should be much quicker than
n the solid–solid reaction via the limited contacts of two solid
hases. Therefore, in this case diffusion of ZnO from the Al2O3
article surface to the unreacted Al2O3 core via the formed
nAl2O4 layer can be assumed to be the rate-controlling step

or the formation of ZnAl2O4.
Based on this assumption, the larger the alumina particle

sed, the farther the ZnO must diffuse from the original Al2O3
article surface to the unreacted Al2O3 core via the formed
nAl2O4 layer, so that longer times are needed for completion
f ZnAl2O4 formation. This is supported by the fact that even
fter heating 3 h at 1100 ◦C in KCl molten salt the formation of
nAl2O4 was not completed if using coarse Al2O3 powder com-
ared to the completion temperature of 1050 ◦C for fine Al2O3
owder. The starting temperature for ZnAl2O4 formation in KCl
olten salt also increased from ∼800 to ∼900 ◦C with increas-

ng the original Al2O3 particle size (D50) from 0.80 to 5.0 �m
resumably a result of the reduced surface area for reaction.
hese results are in good agreement with those of Hong et al.5on

eaction sintering ZnO–Al2O3. These results imply that in order
o accelerate the formation of ZnAl2O4 finer Al2O3 particles are
referred in the MSS process.

In samples obtained by heating at 900 ◦C in LiCl and 1000 ◦C
n NaCl and KCl, small amounts of ZnO were detected but with-
ut Al2O3 in the XRD (Figs. 1–3). Small amounts of Al2O3
hould exist but are likely to be in the centre of larger ZnAl2O4
articles but at levels below the detection limit of XRD. As
hown in Fig. 6(c), some ZnO particles in the resultant powder
ere larger than the original ZnO particles, possibly due to coa-

escence of fine ZnO particles with the dissolving surface in the
olten salts.
.2. Effect of salt type

Figs. 1–3 show that the starting and completion temperatures
f ZnAl2O4 formation varied with different salts. LiCl is more
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ffective in forming ZnAl2O4 than NaCl and KCl attributable to
he differences of LiCl, NaCl and KCl in melting point, viscosity
nd the solubility of the oxides in these molten salts.

Firstly, the melting point of the different salts affected the
tarting temperature of ZnAl2O4 formation. The lower the melt-
ng point, the earlier the salt melted and ZnO dissolved, and
ubsequently, the earlier the formation of ZnAl2O4 began. The
tarting temperature of ZnAl2O4 formation using LiCl was
700 ◦C lower than those (∼800 ◦C) by NaCl and KCl since

he melting point of LiCl is 610 ◦C, lower than those of NaCl
801 ◦C) and KCl (771 ◦C).16

Secondly, the viscosities of different molten salts influence
he formation of ZnAl2O4. The diffusion of cations in a solvent
epends not only on the temperature and size of the cations
ut also on the solvent viscosity. The lower the viscosity of the
olvent, the quicker the cations diffuse. In this work, the viscosity
f molten LiCl is 0.86 mPa s at 800 ◦C24 which is lower than
hose of NaCl (1.03 mPa s) and KCl (1.02 mPa s) at identical
emperatures,24,25 the diffusion of ZnO (in the form of Zn2+)
o Al2O3 particle surfaces was more rapid than in NaCl and
Cl molten salts, resulting in the earlier completion of ZnAl2O4

ynthesis in LiCl.
Finally, the solubility difference of ZnO and/or Al2O3 in dif-

erent molten salts also effects ZnAl2O4 formation. No data on
he solubility of ZnO in molten LiCl salt was found, but the sol-
bility of ZnO in molten NaCl at 900 ◦C is 1.7 × 10−6 mol/g
alt higher than in KCl (9.1 × 10−7 mol/g salt) at the same
emperature.18 This explains why the XRD peaks of ZnAl2O4
ynthesised using NaCl at 800 and 900 ◦C are higher than those
sing KCl at the same temperatures. Increasing the solubility of
oth reactant species in the molten salt would promote the for-
ation of ZnAl2O4. It should be pointed out that if the solubility

f both reactant species is close, the formation mechanism would
hange from template formation to dissolution–precipitation
hich would significantly accelerate the rate of ZnAl2O4 for-
ation.
Therefore, future work will concentrate on finding a

alt/mixed salts with low melting point, low viscosity and rela-
ively higher solubility of both oxides promoting the formation
f ZnAl2O4 at lower temperature.

. Summary

Zinc aluminate (ZnAl2O4) powder was synthesised by using
inc oxide (ZnO, <0.3 �m) and aluminium oxide (Al2O3,
1.6 �m) powders and alkaline chloride salt (LiCl, NaCl or
Cl). The formation of ZnAl2O4 started at ∼700 ◦C for LiCl

nd 800 ◦C for NaCl and KCl. With increasing temperature, the
mounts of ZnAl2O4 increased with a concomitant decrease of
nO and Al2O3. After water-washing the samples heated 3 h
t 1000 ◦C (LiCl) and 1050 ◦C (NaCl and KCl), single phase
nAl2O4 powders were obtained. ZnAl2O4 formed in situ on
l2O3 grains growing from the surface inwards. The synthe-
ised ZnAl2O4 grains are close in size to the original Al2O3
owders, and retained the shapes of the original Al2O3 powders,
ndicating that a template formation mechanism dominated the
ormation of ZnAl2O4 by the MSS process. Future work will

1

1

amic Society 27 (2007) 3407–3412 3411

oncentrate on finding a salt with low melting point, low viscos-
ty and relatively higher solubility of both oxides promoting the
ormation of ZnAl2O4 at lower temperature.

cknowledgements

The authors gratefully acknowledge the Engineering and
hysical Sciences Research Council (EPSRC), UK for finan-
ial support (grant numbers GR/S60037/01 and GR/S99211/01).
hanks to Dr. Yong Peng, University of Sheffield for his assis-

ance with microstructural observation.

eferences

1. El-Nabarawy, T., Attia, A. A. and Alaya, M. N., Effect of thermal treatment
on the structural, textural and catalytic properties of the ZnO–Al2O3 system.
Mater. Lett., 1995, 24, 319–325.

2. Mathur, S., Veith, M., Haas, M., Shen, H., Lecerf, N., Huch, V., Hufner, S.,
Beck, H. P., Haberkorn, R. and Jilavi, M., Single-source sol–gel synthesis of
nanocrystalline ZnAl2O4: structural and optical properties. J. Am. Ceram.
Soc., 2001, 84, 1921–1928.

3. Sampath, S. K. and Cordaro, J. F., Optical properties of zinc aluminate,
zinc gallate, and zinc aluminogallate spinels. J. Am. Ceram. Soc., 1998, 81,
649–654.

4. Escardino, A., Amoros, J. L., Gozalbo, A., Orts, M. J. and Moreno, A.,
Gahnite devitrification in ceramic frits: mechanism and process kinetics. J.
Am. Ceram. Soc., 2000, 83, 2938–2944.

5. Hong, W. S., De Jonghe, L. C., Yang, X. and Rahaman, M. N., Reaction
sintering of ZnO–Al2O3. J. Am. Ceram. Soc., 1995, 78, 3217–3224.

6. Keller, J. T., Agrawal, D. K. and McKinstry, H. A., Quantative XRD stud-
ies of ZnAl2O4 (spinel) synthesized by sol–gel and powder methods. Adv.
Ceram. Mater., 1988, 3, 420–422.

7. Valenzuela, M. A., Bosch, P., Aguilar-rios, G., Montoya, A. and Schifter, I.,
Comparison between sol–gel, coprecipitation and wet mixing synthesis of
ZnAl2O4. J. Sol–Gel Sci. Technol., 1997, 8, 107–110.

8. Duan, X., Yuan, D., Wang, X. and Xu, H., Synthesis and characterisation of
nanocrystalline zince aluminium spinel by a new sol–gel method. J. Sol–Gel
Sci. Technol., 2005, 35, 221–224.

9. Wei, X. and Chen, D., Synthesis and characterisation of nanosized zinc
aluminate spinel by sol–gel technique. Mater. Lett., 2006, 60, 823–827.

0. Chen, Z. Z., Shi, E. W., Zheng, Y. Q., Li, W. J., Xiao, B., Zhuang, J. Y. and
Tang, L. A., Particle size control and dependence on precursor pH: synthesis
uniform submicrometer zinc aluminate particles. J. Am. Ceram. Soc., 2005,
88, 127–133.

1. Zawadzki, M. and Wryzyszcz, J., Hydrothermal synthesis of nanoporous
zinc aluminate with high surface area. Mater. Res. Bull., 2000, 35, 108–114.

2. Zawadzki, M., Synthesis of nanosized and microporous zinc alumi-
nate spinel by microwave assisted hydrothermal method (microwave-
hydrothermal sysnthesis of ZnAl2O4). Solid State Sci., 2006, 8, 14–18.

3. Dhak, D. and Pramanik, P., Particle size comparison of soft-chemically pre-
pared transition metal (Co, Ni, Cu, Zn) aluminate spinels. J. Am. Ceram.
Soc., 2006, 89, 1014–1021.

4. Geselbracht, M. J., Noailles, L. D., Ngo, L. T., Pikul, J. H., Walton, R. I.,
Cowell, E. S., Millange, F. and O’Hare, D., Probing molten salt flux reactions
using time-resolved in situ high-temperature powder X-ray diffraction: a
new synthesis route to the mixed-valence NaTi2O4. Chem. Mater., 2004,
16, 1153–1159.

5. Zhang, S., Jayaseelan, D. D., Bhattacharya, G. and Lee, W. E., Molten salt
synthesis of magnesium aluminate spinel powder. J. Am. Ceram. Soc., 2006,

89, 1724–1726.

6. Roth, R. S., Clevinger, M. A. and McKenna, D., Phase Diagrams for
Ceramists. American Ceramic Society, 1984.

7. Delarue, G., Chemical properties of the eutectic LiCl and KCl. I. Metallic
oxides. J. Electroanal. Chem., 1960, 285–300.



3 n Cer

1

1

2

2

2

2

2

412 Z. Li et al. / Journal of the Europea

8. Hashimoto, Y., Kimura, T. and Yamaguchi, T., Preparation of acicular
NiZn–ferrite powders. J. Mater. Sci., 1986, 21, 2876–2880.

9. Volkovich, A.V., Interaction of zinc oxide with molten potassium and
sodium chlorides. Izestiya Vysshikh Uchebnykh Zavedenii, Tsvetnaya Met-
allurgiya, 1983, 34–36.

0. Inman, D., Legey, J. C. and Spencer, R., A potentiometric study of alumina

solubility and the influence of complexing by fluoride ions in LiCl–KCl. J.
Appl. Electrochem., 1978, 8, 273–276.

1. Branson, D. L., Kinetics and mechanism of the reaction between zinc
oxide and aluminium oxide. J. Am. Ceram. Soc., 1965, 48, 591–
595.

2

amic Society 27 (2007) 3407–3412

2. Leblud, C., Anseau, M. R., Dirupo, E., Cambier, F. and Fierens, P., Reaction
sintering of ZnO–Al2O3 mixtures. J. Mater. Sci., 1981, 16, 539–544.

3. Otero Arean, C., Fernandez Collins, J. M. and Villa Garcia, M. A., Temper-
ature dependence of the kinetics and mechanism of the solid-state reaction
between zinc oxide and aluminium oxide. React. Solids, 1986, 1, 227–233.

4. Wakao, M., Minami, K. and Nagashima, A., Viscosity measurements of

molten LiCl in the temperature range 886–1275 K. Int. J. Thermophys.,
1991, 12, 223–230.

5. Ito, T., Kojima, N. and Nagashima, A., Redetermination of the viscosity
of molten NaCl at elevated temperatures. Int. J. Thermophys., 1989, 10,
819–831.


	Molten salt synthesis of zinc aluminate powder
	Introduction
	Experimental procedure
	Results
	Discussion
	Synthesis mechanism and effect of Al2O3 particle size on synthesis
	Effect of salt type

	Summary
	Acknowledgements
	References


