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A simple, low-cost hydrothermal method was developed to synthesize irregular-and rod-shaped
lutetium disilicate (Lu,SiO-) powders with sizes ranging from 71 to 340 nm. The synthesis tempera-
ture was 260 °C, which is nearly 1300 °C lower than that required for the solid-state reaction. The
results indicated that both the hydrothermal temperature and pH values had great influences on the
composition, crystalline phase and morphology of the powders. The formation mechanism, basic
thermophysical properties, stability and anticorrosion properties of the Lu,Si,O; powders were also
investigated. The obtained powders possessed low thermal conductivity, a suitable thermal expansion
coefficient (3.92-5.17 x 10~® K~') with the silicon-based substrate and excellent thermal and
structural stability. During hot corrosion testing, the surfaces of the samples appeared to react with
the water and molten salt vapors, but no serious failure occurred.

© 2012 Elsevier Inc. All rights reserved.

1. Introduction

Silicon-based ceramics are promising candidate materials for
use in the hot section components of next-generation gas turbine
engines due to their superior strength and durability at high
temperatures. A major stumbling block to the application of these
materials is their poor durability in high velocity combustion
environments that contain high-temperature water vapor and
molten alkali salts. At high temperatures, a thin silica film that
forms on the surface of silicon-based ceramics can react with
water vapor and dissolve in molten alkali salts to form volatile
materials, which results in the failure of silicon-based ceramics.
An environmental barrier coating (EBC) deposited on silicon-
based ceramics helps provide protection [1-4]. Rare earth
silicates, such as lutetium disilicate (i.e., Lu,Si»0-), are potential
candidates as EBC materials due to their low thermal diffusivity,
excellent durability in severe environments containing both
water vapor and alkali salts at high-temperatures, and desirable
chemical and mechanical compatibility with the silicon-based
matrix [3,5,6].

Solid-state and sol-gel syntheses are two typical routes for the
preparation of lutetium silicates. However, the two methods require
either annealing at a high sintering temperature ( > 1200 °C) or
complicated processing parameters, and a pure Lu,Si,O; crystal is
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difficult to obtain. Furthermore, the produced powders usually
possess large particle sizes and a wide size distribution, which
hinders the formation of dense coatings [7-12]. Basically, a dense
coating is required for the EBCs to obstruct the diffusion of corrosive
gases. It is, therefore, necessary to develop an easy, low-cost, and
efficient method to produce homogeneously dispersed lutetium
silicate powders. In our previous work, nano-sized Yb,Si;O;
powders were successfully synthesized at 200 °C via a hydrothermal
process. The powders were nearly monodispersed and quite uniform
in both shape and size, with a mean diameter of 20 nm [13]. In this
article, we introduce a hydrothermal synthesis for the preparation of
Lu,Si>O; powders beginning with lutetium nitrate (Lu(NOs);) and
sodium silicate (Na,SiOs-9H,0). Short, rod-like, pure-phase
Lu,Si;O; powders with high crystallinity and controllable particle
sizes were successfully synthesized at 260 °C. We systematically
investigated the processing parameters and tested the thermal and
physical properties of the products. To our knowledge, this is the
first report of the synthesis of Lu,Si,O; by this method.

In this work, the hot corrosion of Lu,Si;07 in a Na,CO3 molten
salt (MS) atmosphere at various temperatures was also studied.
Na,COs readily decomposes and is used to study corrosion
resistance under strongly basic conditions.

Na,C03—Nay0+C0>1(g) (M

This study aims to determine the hot corrosion properties of
Lu,Si,07 in an alkaline vapor airflow environment. The results of
this study are helpful for selecting candidate materials for use as
environmental barrier coatings.
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2. Experimental procedure

In a typical synthesis, 0.01 mol Lu,03 was dissolved in 30 mL
of dilute nitric acid (2 mol L~1!) to produce Lu(NOs); solution, and
0.02 mol Na,SiOs - 9H,0 was dissolved in 50 mL of distilled water.
The aqueous solution of Na,SiO3 was slowly added to the
Lu(NOs)s3 solution with stirring. After homogeneous mixing, the
pH was adjusted to a certain value (4, 6, 8 and 10) by adding
ammonia. A white emulsion formed after ultrasonication for
10 min. After stirring for more than 4 h, the emulsion was sealed
in a 250 mL autoclave liner (additional distilled water was added
to reach 80% capacity). The autoclaves were then slowly heated to
different temperatures (230, 240, 250 and 260 °C) and held for
different lengths of time (4, 6, 8, 10, and 12 h). After the reaction,
the autoclave was allowed to cool naturally. The obtained
powders were washed with distilled water and absolute alcohol
several times before drying at 60 °C for 6 h in an oven.

The powders were granulated with 5wt% PVA solution (pow-
der:PVA solution=9:1, mass ration), and then pressed into plates
(®=10 mm, d=2 mm) under 10 MPa with unidirectional squash. The
prepared plates were then sintered at 1200 °C for 3 h to prepare the
specimens for hot corrosion tests. To increase the wettability between
the plates and the salt mists, no polishing was performed. The
specimens were cleaned by ultrasonication in a sequence of distilled
water, acetone and alcohol before testing. Fig. 1 shows the schematic
of a home-made system for the corrosion behavior tests. Compressed
air flowed through a wash bottle containing deionized water and then
entered into a tubular furnace. The sample and 0.05 mol of Na,COs
were placed in two Al,O5 ceramic boats with the molten salt placed
near the airflow entrance. The exhaust gas was collected by another
wash bottle. This design ensures that the airflow that passes over the
sample contains both water and molten salt vapors. Corrosive
properties were tested at both 900 and 1000 °C for 24 and 48 h.

The crystalline structures of the resulting powders were inves-
tigated using X-ray diffraction (XRD, D/max 2550 V, RIKAKU, Tokyo),
and the morphologies were characterized by scanning electron
microscopy (SEM, JSM-6700 F, JEOL, Tokyo). Simultaneous thermo-
gravimetric and differential thermal analyses (TG-DTA, STA429C,
NETZSCH, Germany) were performed in air from 30 to 1400 °C with
an annealing rate of 10.0 K min~! to determine the thermal proper-
ties of the powders. The thermal diffusion and specific heat of the
sample were measured as a function of temperature from room
temperature (RT) to 1200 °C using the laser-flash method. The
thermal expansion of Lu,Si;O; was measured via the push-rod
dilatometer method at temperatures from RT to 1200 °C.

3. Results and discussion
3.1. XRD analysis

Fig. 2 shows the XRD patterns of the samples obtained under
different conditions. Overall, higher hydrothermal temperatures,
longer reaction times and higher pH values led to greater peak
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Fig. 2. (i) XRD patterns for powders obtained at different hydration temperatures
with the same pH and reaction time (pH=10, 10 h): (a) 230 °C; (b) 240 °C; and
(c) 260 °C. Fig.2 (ii) Different hydration times with the same pH and temperature
(pH=10, 260 °C): (a) 4h; (b) 6h; (c) 8 h; and (d) 10 h. Fig.2 (iii) Different pH
values with the same reaction time and temperature (10 h, 260 °C): (a) pH=4;
(b) pH=6; (c) pH=38; and (d) pH=10.
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Fig. 1. Schematic drawing of the equipment used for corrosion testing.
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