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Abstract

The Mg, _ (Aly 12, Li12,S15045 (0.1 < x < 1) ceramics with the substitution of (Lill,rzAll/z)2+ for Mg2+ were synthesized by the sol-gel
method. The characterization of the modified cordierite included X-ray diffraction, SEM, EDS and infrared radiation. The crystal
structure of Mg,Al4SisOg with the substitution of (Lil/zAll/,‘z)z+ for Mg?* changed and the amount of secondary phase increased with
increasing the x value from 0.1 to 1. High infrared emissivity over 0.9 in the band of 8-14 um at room temperature was obtained in
Mg, _ (Als 1/2xLi12,8i5013 (x=0.1). The material based on cordierite with x=0.1 sintered at 1200 °C maintained a single phase,
compact microstructure and good infrared emissivity with potential use in infrared heating.
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1. Introduction

Recently, infrared heating and drying technology has
acquired considerable industrial applications by considera-
tions of energy conservation and less pollution [1,2]. This
brings a boom in research and development of high
infrared emissivity materials [3—6]. In this context, the
MgO-Al,05-Si0; system with the main phase of cordierite
with good infrared radiation has extensively attracted
research interest in the past few years [7-11]. Many
previously published investigations have reported on the
preparation of cordierite by solid state reactions, crystal-
lizing the glasses, the sol-gel technique, and so on [12-16].
Further, Wang et al. focused on improving the infrared
emissivity of cordierite based materials [17-20]. However,
to our knowledge, the cordierite based materials with high
infrared emissivity are still few. According to the harmonic
oscillator theory, the heterogeneous ion solution has
a significant influence on the infrared radiation property
of polycrystalline materials. In order to develop a high
infrared emissivity material based on cordierite, in the
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present work, the sol—gel technique was selected to prepare
the cordierite based materials and studied the effects of
the substitution of (Lij»Al;2)° " for Mgt on the crystal-
lization behavior and infrared radiation property of
Mg, (Algy 1)2,Li1)2,8i5013 (0.1 <x < 1).

2. Experimental procedure

MngxA14+ l/zxLi]/szi5olg (01 <x< 1) was prepared
by sol-gel route using Mg(NOs), - 6H,0, AI(NO3); - 9H,0,
Li,CO;5 and Si(OC,Hs), (TEOS). The preparation process
was shown in Fig. 1.

Mg(NO;)26H20, AI(NO3)29H20 and leCOg dis-
solved in ethanol respectively. TEOS was mixed with
ethanol and water by volume ratio of 1:2:2 and stirred at
room temperature for 0.5 h. Subsequently, Mg(NO3),-
6H,0O, AI(NOs3);-9H,O and Li,CO; solutions were put
into partially hydrolyzed TEOS and stirred for 1h to
obtain a clear solution. The pH value of mixed solution
was turned to 10 in the experimental process by ammonia.
Then the mixture was stirred at 60 °C for 6 h to get a
semitransparent gel. Consequently, the obtained gel was
dried at 100 °C for 24 h and the dried gel was thermally
treated at 1000-1200 °C for 2 h in furnace.
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Fig. 1. Flow chart of the sol-gel preparation of Mg, _ (Aly1/2Lij2,SisO5 (0.1 <x < 1).
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Fig. 2. XRD patterns of Mgy, Alyy 1/, Li12,Si5015 (x=0.1) powder Fig. 3. XRD patterns of Mg, _ yAly 1 1/2:Li1/2:Si5015 (0.1 < x < 1) powder

sintered at different temperatures for 2 h. sintered at 1200 °C for 2 h.

The crystalline phases of the sintered samples were specimens were observed by scanning electron microscopy
examined by X-ray powder diffraction using CuK,, radia- (SEM, FEI SIRION-100) and the compositions were
tion (XRD Rigaku, D/max-RA). The microstructures of  analyzed by energy-dispersive spectroscopy (EDS, EDAX
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GENENIS-4000). The infrared radiation characteristics
were examined using an infrared radiation tester (IRE-2,
Shanghai Institute of Technical Physics, CAS, China). The
size of each sample was ® 80 mm x 3 mm. Measurements
were carried out at room temperature.

3. Results and discussion

The X-ray diffraction patterns of Mg,_  Alsy 1Lij oy
Sis015 (x=0.1) powder sintered at 1000 °C, 1100 °C and
1200 °C for 2 h each are given in Fig. 2. It can be seen
that the crystal structures of samples change with increasing
temperature. At low temperature (1000 °C), the main
phase is MgAl,O4 (JCPDS no. 21-1152) with a small
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quantity of p-cordierite (JCPDS no. 14-0249) and amorph-
ous phase. With further heating at 1100 °C, a-cordierite
(JCPDS no. 13-0293) appears together with p-cordierite
and MgAl,O,4. At 1200 °C, a single a-cordierite phase is
found which indicates a-cordierite generates through the
intermediate phases of p-cordierite and MgAl,O4. These
results are comparable with the previous report [21].

Fig. 3 shows the XRD patterns of Mg,_ Al 1o.Lij o
Sis0q5 (0.1 < x < 1) powder sintered at 1200 °C for 2 h. It
can be observed that the main phase of samples is
a-cordierite with a small amount of AlsSi,O3 (JCPDS
no. 15-0776) and MgAl,Si,0,, (JCPDS no. 27-0716) which
only appears when x=1. This indicates that modified
cordierite with x=0.1 could form solid solution. However,
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Fig. 4. SEM micrographs of Mg, _ (Als 15Li;»,SisOy5 (a) x=0.1, (b) x=0.3, and (c) x=1 and energy spectrum analysis of corresponding spots in (c).
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Table 1
Infrared radiance of Mg,_ Als 1/2.:Li;12SisO15 (0.1 <x<1) and pure
cordierite (at room temperature).

X 0 0.1 0.2 0.3 0.4 0.5 1.0

F1 0.82 0.91 0.87 0.87 0.86 0.85 0.80
F2 0.85 0.93 0.91 0.90 0.90 0.88 0.83

Fl—the radiance at 1-22 um waveband; F2—the radiance at 8-14 um
waveband.

the secondary phase AlgSi-O;3 appears with increasing x
value, and the quantity of Al¢Si,O;3 also increases with
increasing the substitution of (Lij;Al; )+ for Mg ™.

The SEM micrographs of Mg,_  Als/.Lij5»,SisOig
(x=0.1, x=0.3, x=1) sintered at 1200 °C for 2h are
shown in Flg 4. MgZ,xA14+1/2xLi1/2xSi5018 (XIOI)
shows a dense microstructure and approximately rounded
grains. However, with increasing the amount of the
substitution of (Li;;»Alj )" for Mg>™, it is clear that
the morphologies of grains turn irregular and porosity
appears which attribute to the evaporation of Li at high
temperature [22,23]. Fig. 4(cl), (c2) and (c3) shows the
composition of the grains in Fig. 4(c) nearly corresponding
to Mg2A14Si5018, A16Si2013, and MgAlzsi4012, respec-
tively. The results confirm the secondary phase observed
in the XRD analysis.

The measurement results of infrared radiance of
Mg, Als 4 12,1 24815015 (0.1 < x < 1) and pure cordierite
for comparison are shown in Table 1. It is obvious that the
infrared radiance of the Mg,_ Alsyp.Lij5,SisOig
(0.1 <x < 1) is much higher than that of the commercial
pure cordierite except when x=1 which may be due to the
formation of MgAl,Si4O,, with lower infrared radiance.
It can be seen from Table 1 that the infrared radiance of
MgZ—xAl4+I/ZxLil/ZXSiSOlS (XZOI) is hlghest which
means that the formation of cordierite solid solution
greatly enhances the infrared radiance of substituted
cordierite. However, the infrared radiance decreases with
increasing the secondary phase AlgSi>Og3, but is still higher
than pure cordierite. Thus, it indicates that the raising of
infrared radiance is attributed to the formation of solid
solution which changes the crystal structure. Because
the radii of (LijpAl;)°" and Mg®* are different and
the amount of AI’* changed, the order degree of Al/Si in
crystal structure of cordierite decreases which causes a
distortion of the crystal lattice. This enhances the effects of
anharmonic vibration of the polar lattice, the coupled
action of phonon, and phonon combination radiation.
As a result, the infrared radiance of this material improves.

4. Conclusions

In this study, cordierite based material was prepared
by the sol-gel method and the effects of substitution of
(Lij Al 0)* " for Mgt on crystallization behavior and
infrared radiant property of Mgs_ Al 1/oxLii,SisOsg
(0.1 <x<1) have been investigated. Appropriate

substitution can form solid solution, but secondary phase
appeared with increasing the substitution of (Li; Al /2)2+
for Mg>*. The appropriate substitution of (Li; Al »)**
for Mg>™ in cordierite crystal structure could effectively
improve the infrared emissivity (over 0.9), which made it a
promising candidate in infrared heating.
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