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a  b  s  t  r  a  c  t

Attempts  have  been  made  towards  the  synthesis  of  nano-alumina  powder  through  conventional  combus-
tion  synthesis  (CCS)  method.  Detailed  evaluation  of  the  process  parameters  has  been  done  through  XRD
and SEM,  on  the  as-synthesized  nano-alumina  powders.  The  as-synthesized  nano-alumina  (−� phase)
were  used  for developing  ceramic  spacers  for  thermal  insulation  application  under  load.  The  densifica-
tion  and  mechanical  strength  of ceramic  components  consolidated  from  the alumina  powders  has  been
measured.  The  results  have  shown  that  the  as-fabricated  nano-alumina  based  components  have  high
eywords:
ano-alumina ceramics

nsulators
ombustion synthesis
-ray diffraction
icrostructure

structural  integrity  at green  stage  (∼65%)  with  2 wt.%  nano  �-alumina,  significant  mechanical  strength
(∼230  MPa)  and  excellent  thermal  shock  resistance  (functional  testing  at ∼1400 ◦C  temperature  and
under  50  T dynamic  load).  The  comprehensive  study  for the  fabrication  of  nano-alumina  based  ceramic
spacers  has  been  illustrated.

© 2012 Elsevier B.V. All rights reserved.

hermal shock resistance

. Introduction

High density ceramic components with controlled and uniform
icrostructures required for advanced engineering applications

ecessitates powders with narrow particle size distribution, fine-
ess and desired morphology. Nano-crystalline alumina (Al2O3)
as considerable potential for various applications for its usage as
oating material [1],  thermal insulation [2],  pollution prevention
3], sintering aid for ceramic [4],  and biocompatible material for

edical and dental composites [5,6]. Various preparatory meth-
ds such as co-precipitation [7,8], sol–gel [9,10] and combustion
ynthesis [11–13,2,14] have been developed for the preparation
f nano-crystalline Al2O3 powders. Among these methods, the
ombustion synthesis process is the most common method of
roducing nano-alumina as it is easy and less energy-intensive
7,15,16]. Moreover, the solution based combustion synthesis is
dvantageous over the solid-state synthesis in terms of better com-
ositional homogeneity and purity of the final product [17,18].

The combustion synthesis reaction is usually carried out
ith different heating mediums (conventional resistance and
icrowave F/c). The basis of the combustion synthesis technique
omes from the thermo-chemical concepts used in the field of pro-
ellants and explosives. The parameters that influence the reaction

n combustion synthesis are type of fuel, fuel to oxidizer ratio, use

∗ Corresponding author. Tel.: +91 040 24341332; fax: +91 040 24342567.
E-mail address: uptecsarika@rediffmail.com (S. Mishra).
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of excess oxidizer, ignition temperature and water content of the
mixture [12]. The �- and �-alumina are the only two  types of nano-
alumina that are produced. The crystal structure of �-alumina is
a hexagonal plate with large surface area. This geometry enables
alumina for its usage in catalytic and absorbent applications.

In this paper, the synthesis of �-alumina and �-alumina pow-
ders using conventional combustion synthesis (CCS) is reported.
The effect of different fuel-to-oxidant ratios, sintering tempera-
tures, and type of fuel on phases formed in the synthesized powder
has been studied. The development of ceramic components from
these as synthesized alumina powders and their enhanced proper-
ties due to nano-powder addition has also been illustrated.

2. Experimental procedure

2.1. Raw materials

Chemical grade aluminium nitrate [Al(NO3)3·9H2O], dextrose (C6H12O6), urea
(NH2CONH2), and glycine (NH2CH2CO2H) (all from Finar reagents, extrapure) were
used  as precursor materials for this study.

2.2. Powder synthesis

2.2.1. Conventional combustion synthesis (CCS)
Combustion synthesis was carried out on mixtures of aluminium nitrate

(oxidant) with different fuels such as urea, glycine, and dextrose. Different oxidant-

to-fuel ratios in the range of 1.2–3.5 were employed for synthesizing nano-alumina.
The reagent solutions were mixed simultaneously and heated at 150 ◦C for gelation.
The  as-synthesized gels were calcined at ∼300–900 ◦C temperature for obtaining
nano �-alumina and �-alumina. The phase analysis, and microstructure in the
resulting alumina powders was examined by XRD (Philips, Panalytical) and SEM

dx.doi.org/10.1016/j.jallcom.2012.01.145
http://www.sciencedirect.com/science/journal/09258388
http://www.elsevier.com/locate/jallcom
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ig. 1. CCS synthesized nano-alumina powders; (a) gamma  alumina, and (b) alpha
lumina.

VEGA TESCAN), respectively. The crystallite sizes on the as-synthesized nano-
lumina powders were calculated using the Scherrer formula.

.3. Fabrication of ceramic component

The as-synthesized nano-alumina powders were used for the fabrication of
eramic spacers through powder metallurgy route for high temperature thermal
nsulation application under load conditions. These insulators were formed with
ommercial alumina powder (d50 = 1.5 �m),  and as-synthesized nano-alumina pow-
er (1–5 wt.%) blended commercial alumina. The pellets (33.3 mm dia., 10.54 mm
eight) were first axially pressed compacted at 200–280 MPa  and then pre-sintered
t  1000 ◦C to enable strength for the green machining to near-net shape. The pre-
intered pellets were carefully machined using CNC machining to the functional
imensions. Subsequently, the machined components were sintered at 1600 ◦C for

 h in air atmosphere. The densities of the as sintered components were measured
y Archimedes method. The strength of the as-fabricated ceramic component was
easured through 3-point bend test.

. Results and discussions

.1. Nano-alumina powder
The nano-alumina powders prepared through CCS method are
hown in Fig. 1. The color difference is visible for alpha (−�) [pure
hite] and gamma (−�) alumina [off-white] powders. Fig. 2 shows

ig. 2. XRD patterns of nano-alumina made with dextrose as fuel at different ratios.
Fig. 3. XRD patterns of nano-alumina (glycine as fuel) calcined at different temper-
atures (� – gamma  alumina; � – alpha alumina).

the XRD patterns of nano-alumina obtained with dextrose (AD)
as the fuel in different oxidant-to-fuel ratios (1.5–3.5). It is evi-
dent from Fig. 2 that the content of alpha (−�) and gamma (−�)
phase in the nano-alumina powder varies with the oxidant-to-fuel
ratio. With the increasing oxidant-to-fuel ratios, the alpha phase
predominates.

Fig. 3 indicates the effect of calcinations temperature on the
phases formed in the nano-alumina obtained with glycine (AG)
as the fuel. An amorphous mixture of (−�) and (−�) phase in the
nano-alumina powder is obtained with a partial crystallinity at
combustion temperature of 600 ◦C whereas at 800 ◦C a fully crys-
talline (−�) phase predominates (Fig. 3). Wherein with glycine as
fuel, the process has resulted into some (−�) phase peaks at 600 ◦C
(Fig. 3), with the use of urea as fuel (AU), the presence of (−�)
alumina phase is observed up to 300 ◦C only (Fig. 4). Moreover, the
amorphous form of nano-alumina (with urea as fuel) is present
up to 300 ◦C and beyond that it becomes crystalline. The nature of

combustion and variation in the powder characteristics obtained
from different fuel-to-oxidant ratios can be explained on the basis
of phase formation at different stoichiometric ratios and variation

Fig. 4. XRD patterns of nano-alumina (urea as fuel) calcined at different tempera-
tures (� – gamma  alumina; � – alpha alumina).
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Table 1
Crystallite sizes of nano-alumina powders prepared using various fuels.

Fuel Phase Crystallite size, nm (with
calcination temp.)

Crystallite size, nm
(with fuel ratio)

Urea �-Alumina 880 81
�-Alumina 99 19

Glycine �-Alumina 65 17
�-Alumina 17 12

Dextrose �-Alumina 48 86
�-Alumina 97 9

o
i
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a

Fig. 5. SEM micrograph of as-synthesized nano-alumina powder.

f temperatures since the nature of agglomeration (hard or soft)
s governed from temperature generated during combustion. The
rystallite sizes obtained in nano-alumina powders estimated
rom the FWHM values of XRD peaks are shown in Table 1 for
omparison purpose. The microstructure of as-synthesized nano-

lumina powder shows an amorphous flaky structure with an
verage agglomerate size of ∼5–10 �m (Fig. 5).

Fig. 6. Digital picture of as fabricated nano-alumina based ceramic spacers.
Fig. 7. Plot showing the effect of extent of nano-alumina addition on the sintered
density of the ceramic component.

3.2. Nano-alumina based component

The as-fabricated nano-alumina based components (Fig. 6) have
shown a significant improvement in the sintered density with the
incorporation of nano-alumina in the commercial alumina powder
(Fig. 7). It can also be seen from Fig. 7 that a density as high as
96% could be achieved at a relatively low sintering temperature of
1600 ◦C, with the blending of 2 wt.% �-alumina with commercial
alumina (average green density ∼ 64%). The 3-point bend strength
of the nano-alumina based ceramic components was  recorded as
high as ∼230 MPa. These components have been successfully tested
for the functional test (through copper melting) under dynamic
load (50 T) and high temperature thermal shock (∼1400–1450 ◦C)
conditions.

4. Conclusion

Nano-alumina powders have been synthesized through a cost
effective combustion synthesis route. The process has been opti-
mized in terms of fuel type, oxidant-to-fuel ratio and combustion
temperatures. The extent of conversion from −� to �-alumina
phase has been shown to depend on the temperature and time of
calcinations. The as-synthesized nano-alumina powder has been
used to successfully fabricate ceramic insulators (spacers) for high
temperature thermal insulation application under load conditions.
The 3-point bend strength of the nano-alumina based ceramic
components was  recorded as high as ∼230 MPa. The as-fabricated
components were found to be excellent in terms of sintered density
(∼96%), mechanical strength and high temperature thermal shock
resistance (functionally validated at ∼1400 ◦C temperature and
under 50 T dynamic load). The addition of nano-alumina enhances
the product functional performance and hence the process owes
the potential for fabricating larger ceramic components.
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