Available online at www.sciencedirect.com

SciVerse ScienceDirect

Ceramics International 38 (2012) 6349-6352

CERAMICS

INTERNATIONAL

www.elsevier.com/locate/ceramint

Synthesis and thermal expansion properties
of Y2_xLaxMo3012 (XZO, 05, 2)

Hongfei Liu®*, Xiaocen Wang®, Zhiping Zhang®, Xiaobing Chen®

aSchool of Physics Science and Technology, Yang zhou University, Yang zhou 225002, PR China
bDepartment of Electrical and Mechanical Engineering, Jianghai College, Yang zhou 225009, PR China

Received 1 April 2012; received in revised form 3 May 2012; accepted 3 May 2012
Available online 11 May 2012

Abstract

Y,_.La,M030;, (x=0, 0.5, 2) ceramics were successfully synthesized by the solid state reaction method. The microstructure,
composition and thermal expansion property of the resulting samples were investigated by X-ray diffraction (XRD), thermogravimetric
analysis (TGA), field emission scanning electron microscopy (FESEM), energy dispersive spectroscopy (EDS) and dilatometry. Results
indicate that the Y sLay sMo030, crystallizes in monoclinic Tb,Mo030,-type structure and it is non-hygroscopic. The Y sLaysMo0301»
ceramic is denser than the Y,Mo030,, and La,Mo030;, ceramics, and its relative density can reach 94.12% of the theoretical value. Most
importantly, it shows almost zero thermal expansion and its thermal coefficient is 0.87 x 107K ™! from 178 °C to 600 °C. Y,M050;,
ceramic shows negative thermal expansion whereas La,Mo30;, ceramic shows positive thermal expansion, their thermal expansion
coefficients being—12.06 x 10 ®* K ! and 8.88 x 107 x 10 ® K !, respectively.

© 2012 Elsevier Ltd and Techna Group S.r.l. All rights reserved.
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1. Introduction

Thermal expansion is one of the properties which must
be considered in the application of highly functional
materials because the mismatch of thermal expansion
between component materials can cause problems, such
as mechanical destruction and positional deviation, in
electrical, optical and high-temperature devices. One of
the possible methods that can solve these problems is
preparing materials with controllable or near-zero expan-
sion coefficient. The preparation of materials with low or
zero thermal expansion would increase the mechanical
reliability and long-term duration. A simple idea to
prepare them is combining negative thermal expansion
materials with positive thermal expansion materials [1-8].

Recently, materials with the general formula A,Mo050;,
have been extensively studied owing to their interesting
physical and chemical properties. One remarkable feature
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of AbMo030,, is that A cation can dramatically influence
the thermal expansion properties of A;Mo0301,. It has been
found that there are two structures in the family
A>Mo050;, compounds, some A,Mo03;0;, compounds with
monoclinic structures show positive thermal expansion,
such as Gd2M03012 [9], CI'2M030|2 [10], and L32M03012
[11]. Some A,Mo050,, compounds with orthorhombic struc-
tures show negative thermal expansion, such as Y,Mo030,,
Yb2M03012, LU2MO30123nd Er2M03012 [11*14]

It is reported that low or near-zero thermal expansion
coefficient in A,Mo030;, may be obtained by partial
chemical substitution of the A cation by another trivalent
cation [13,14]. Y>,Mo050;, crystallizes in an orthorhombic
symmetry (Pnca) and exhibits negative thermal expansion;
La,Mo050;, crystallizes in a monoclinic symmetry (C2/c)
and exhibits positive thermal expansion [11]. It is therefore
possible to obtain the Y,_.La,Mo030,, ceramics with
near-zero thermal expansion coefficients by partial sub-
stitution of Y*T with La®*. Here in this report, a new
non-hygroscopic solid solution Y;sLagsMo3;0;, with
near-zero thermal expansion coefficient was successfully
prepared by solid state reaction method, and the effects of
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substituted lanthanum on the microstructure, density,
hygroscopicity and thermal expansion property of the
Y, sLagsMo3O;, were also studied.

2. Experimental

2.1. Preparation of the Y,_ La.Mo3;0;, (0<x<2)
samples

The samples of Y,_,La,Mo3;0;, (x=0, 0.5, 2) ceramics
were prepared by the conventional solid state reaction
method. Starting materials were Y,O3 (purity > 99.9%),
La,O;5 (purity > 99.5%) and MoO; (purity > 99.5%). All
the starting materials were preheated at 300 °C for 24 h
before weighting to protect from H,O. Stoichiometric
ratios of the reactants were milled for 10h to form a
uniform mixture and then the mixture was pre-calcined at
500 °C for 10h, after pre-sintering, the mixture was
pressed into pellets (5 mm diameter, 2.5 mm height) and
finally calcined at 750 °C in air for 10 h.

2.2. Experimental techniques

The resulting samples were characterized by powder
X-ray diffraction (XRD) using CuKa radiation (1=
0.15418 nm) with 40 kV/200 mA (D/max2500, Rigaku).
The XRD data were collected with a scanning speed of
5°(20)/ min in the 20 range from 10° to 70° by continuum
scanning method. The thermogravimetric curves of the
samples were collected in the open air from room tem-
perature to 300 °C wusing thermogravimetric analysis
(TGA, Pyrisl). The heating rate is 10 °C/min. The micro-
structure and composition of the samples were observed by
a field emission scanning electron microscopy (FESEM,
Hitachi S-4800) and energy dispersive spectroscopy (EDS,
NORAN System Six). Densities of the samples were
measured using Archimedes’ method. The thermal expan-
sion coefficients of the samples were measured by a
dilatometry (NETZSCH DIL 402C). The measurements
were carried out at the rate of 10 °C/min in the open air
from room temperature to 700 °C.

3. Results and discussion

Fig. 1 shows the typical XRD patterns of the obtained
Y,_.LaMo030¢, (x=0, 0.5, 2) ceramics. As one can see in
Fig. 1(a), the strong and sharp diffraction peaks appearing
in the XRD diagram have obvious relevance with the well-
crystallized sample. All the peak positions of the obtained
sample are well indexed to monoclinic La,Mo03;0;, (JCPDS
26-0821). In Fig. 1(c), All the peak positions of the
obtained sample are well indexed to Y,Mo030;, (JCPDS
28-1451). The XRD pattern of the obtained Y,Mo050;, is
similar to that reported by Sumithra et al. [I11], and
Y,>,Mo050;, is hygroscopic at room temperature. The board
humps in the XRD patterns indicate that some amorphous
phase might form owing to the absorption of water
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Fig. 1. XRD patterns of the obtained Y,_,La Mo030;, (x=0, 0.5, 2)
ceramics (a) YoMo3015; (b) Y.5La95M03015; (¢) LasMo03045.
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Fig. 2. Thermogravimetric curves of the obtained Y,_,La,M030;, (x=0,
0.5, 2) ceramics (a) YoMo030yy; (b) Y;sLagsMo304,; (¢) La;Mo3Oys.

molecules in the frame-structure. More interestingly, as
shown in Fig. 1(b), all the peak positions of the obtained
Y,sLagsW50,, sample are well indexed to monoclinic
TboMo50;, (JCPDS 25-0934), and no obvious diffraction
peaks arising from the possible phases such as La,Mo0305,
Y>Mo050;,, etc. are visible. Therefore, the Y| sLag sW501,
crystallizes in monoclinic TboMo03O,-type structure. It is
also indicated that the Y®Tcation can be submitted by
La’* and form solid solution when x=0.5. The ionic radii
of La*™ is 106.1 pm, Tb> " is 92.3 pm and that of Y>* is
90 pm. This is in agreement with the Vegard’s law, and on
the other hand it proves that the Y;sLaysW;01, com-
pound has been successfully synthesized (Fig. 2).

Fig. 3 shows the thermogravimetric (TG) curves of the
obtained Y,_,La,M030;, (x=0, 0.5, 2) samples. As
shown in Fig. 3(a), it can be found that there is a mass
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Fig. 3. SEM images of the obtained Y,_,La,M030;, (x=0, 0.5, 2) ceramics (a) Y2Mo030,; (b) Y 5LagsMo03O,5; (¢c) La,M030,; and (d) EDS analysis of

Y1_5La0_5M03012.

loss region from 50 °C to 140 °C in the TG curve of the
Y,Mo050;, sample, indicating the Y,Mo30;, is highly
hygroscopic at room temperature, and the mass loss is
about 6.297%. The corresponding number of water mole-
cules per formula unit is calculated to be 2.45. This
hygroscopic phenomenon also has been found in some
other orthorhombic A>M030;, (A=Er, Lu and Y) [I1].
However, in the same testing temperature range, there is
no obvious inclination can be observed in the TG curves of
the Y, sLagsMosO;, and La,W30,, (see Fig. 3(b) and
Fig. 3(c)), indicating no water of adsorbed moisture in the
samples. Similar phenomenon was also observed in some
other monoclinic A,M30;, (A=La, Ce, Dy, Nd; M=W,
Mo) compounds [2,11-17].

The SEM fractographs of the obtained Y,_,La,Mo030,
(x=0, 0.5, 2) ceramics are shown in Fig. 3. In Fig. 3(a) and
(c), it can be seen that the microstructures of the
Y,Mo050;, and La,Mo030;, both consist of small grains
and with some pores inside. The average particle size of
Y,>Mo030;, is larger than the one of La,Mo030;,. Compar-
ing with the La,Mo30;, and Y,Mo030;, ceramics, as
shown in Fig. 3(b), the Y sLaysMo30;, ceramic became
denser, and the pores obviously reduced. To further
investigate the densities of the resulting Y,_ . La ,Mo030,
(x=0, 0.5, 2) ceramics, all the densities of the samples were
measured using Archimedes’ method and the theoretical
densities are calculated from theoretical values for
La,Mo050;5, (3.66 g/cm?) and Y,Mo030,, (3.30 g/cm?). The
relative densities of the Y,_,La,Mo3;O, (x=0, 0.5, 2)
ceramics can reach 83.79%, 94.12%, 85.71% of the
theoretical values, respectively, which is in good agreement
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Fig. 4. Thermal expansion curves of the obtained Y,_,La,Mo030;, (x=0,
0.5, 2) ceramics (a) Y,Mo0301,; (b) Y, 5LagsMo305; (¢) La;Mo30y5.

with the above SEM analysis. Fig. 3(d) shows the EDS
spectra of Y sLagsMo30;, sample, According to the EDS
analysis of the sample, the mole ratio of elements n (Y): n
(La): n (Mo): n (O) is 3:0.97:5.95:24.33, which is close to
the stoichiometry of Y; sLagsMo03015.

The thermal expansion curves of the obtained
Y,_,LaMo030¢, (x=0, 0.5, 2) ceramics are shown in the
Fig. 4. In Fig. 4(a), it can be seen that the thermal
expansion curve of the Y,Mo030;, ceramic shows an initial
expansion due to the removal of the water molecules,
which is supported by the above thermogravimetric
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analysis. The general feature of Y,Mo030;, ceramic in the
thermal expansion behavior is similar to the ones of the
bulk Yb,Mo030;, and Er,Mo3;0;, reported [11]. The
Y,Mo050;, sample is easy to absorb moisture in air. It is
reported that water molecules would occupy the crystal-
lographic voids in hydrated A»Mo0sO;, structure, and the
A—-O-Mo linkages bend away from 180° due to the water
molecules enter the compound. The incorporation of water
in the framework structure will hinder the transverse
vibrations of A-O-Mo linkages and prevent negative
thermal expansion [10]. After the complete removal of
water molecules, negative thermal expansion is observed in
Y,Mo050;,. The average linear thermal expansion coeffi-
cient of the Y,Mo030;, ceramic is measured to be
—12.06 x 10°K~" in the corresponding temperature
range from 178 °C to 600 °C. Compared with the
Y>Mo050;, ceramic, there is almost no thermal expansion
hysteresis observed in the thermal expansion curve shown
in Fig. 4(c). The average linear thermal expansion coeffi-
cient of the La,Mo;0;, sample is measured to be
8.88 x 10°K ™" in the corresponding temperature range
from 178 °C to 600 °C.

In the former research work, when x <0.5, the solid
solutions A,_,BM30;, (A=Y, Yb, Er; B=Sm, Ce,
Dy, Nd; M=W, Mo) all crystallize in orthorhombic
A,M;0,,-type structures, and they are highly hygroscopic
at room temperature [2,13-17]. The hygroscopic water
molecules will hinder negative thermal expansion, and
which will also influence their applications. Based on the
above XRD and thermogravimetric analysis of Y,_,
La,M030;, (x=0, 0.5, 2) ceramics, it is found that the
Y, sLagsMo30,, sample is abnormal and it crystallizes in
monoclinic structure, and there is no water of adsorbed
moisture. Most importantly, compared with the Y,Mo030,
ceramic, there is almost no thermal expansion hysteresis
observed in the thermal expansion curve shown in
Fig. 4(b), and the Y sLagsMo030;, ceramic shows almost
zero thermal expansion, its average linear thermal expan-
sion coefficient is measured to be 0.87 x 10 K" in the
corresponding temperature range from 178 °C to 600 °C.
This non-hygroscopic and low thermal expansion material
Y .sLagsMo30;, was prepared for the first time and it will
have a variety of applications.

4. Conclusions

Y,_,LaMo030, (x=0, 0.5, 2) ceramics were success-
fully synthesized by solid state reaction method. The solid
solution Y sLag sW301, crystallizes in monoclinic TboMos
O1»-type structure. TG analysis shows that Y,Mo03;0;, was
highly hygroscopic at room temperature. However, Y,_
La,Mo030¢, (x=0.5, 2) are in contrast. The Y,Mo030;, and
LasMo030;, both consisted of small grains and with some
pores inside, the solid solution Y;sLaysWs0O;, become
denser, and its relative density can reach 94.12% of the
theoretical value. The obtained Y, sLagsW30;, ceramic

almost exhibits zero thermal expansion and its average
linear thermal expansion coefficient is 0.87 x 10 ¢K ™!
from 178 °C to 600 °C.
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