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a b s t r a c t

Al2O3–YAG–ZrO2 eutectic ceramic plates 10 mm in width, 2.4 mm in thickness and 100 mm in length
were directionally grown by micro-pulling down technique under different growth rate (0.1–1 mm/min).
The effects of the solidification rate on the crystallographic orientation and microstructure properties
were analyzed in considerable detail. The microstructure spacing λ depends on the pulling rate v fol-
lowing the law: λ= −v7. 2

1
2 where λ is in mm and v in mm/s. For low growth rate (vo0.25), the ternary

eutectic plates had homogeneous and regular microstructures and higher pulling rate heterogeneity in
the morphology corresponding to colonies presence. The annealed plates did not undergo chemical
reaction but slight grain growth was observed.

& 2016 Elsevier B.V. All rights reserved.

1. Introduction

In the last decade, the elaboration process, microstructure and
properties of textured solidified eutectics ceramic oxides have been
largely reviewed [1–4]. These materials have a performed properties
which make them of great interest as potential engineering mate-
rials: High melting temperature, good resistance to corrosion by
liquids and gases and high temperature potential strength. These
performed properties allow to use them to solve the materials en-
gineering problem in the highest temperature areas of gas turbine
engines. The need for operation at higher gas turbine temperature
continues to increase because it allows directly efficiency increasing
and pollution decreasing very important for the environment. Un-
fortunately, the engineering design to develop the eutectic ceramic
oxides with homogeneous microstructure is clearly difficult. A large
portion of the efforts in eutectic ceramic oxides research have dealt
with developing process technology [5–11]. To elaborate homo-
geneous morphology under flat solid-liquid interface during soli-
dification at microscopic and macroscopic level it is necessary to
control the thermal gradients along the solidification direction. It
has been clearly shown in a number of eutectic system that the
knowledge of the relationship between microstructures and prop-
erties is a key factor to control the system performance [12–16]. The
functional properties of the eutectic oxides materials are strongly
dependent on characteristics of the microstructure (morphology,

phase geometry and size) which dependent on the solidification
process. Based on the equilibrium diagram, binary Al2O3–ZrO2 and
ternary Al2O3–ZrO2–Y2O3 eutectic system were studied in detail by
Lakiza et al. [17]. The addition of Y2O3 oxide to Al2O3–ZrO2 system
permit the obtainment of the pseudo binary Al2O3–ZrO2(Y2O3) eu-
tectic system inwhich different zirconia polymorphism (Monoclinic,
tetragonal or cubic zirconia) could be formed just by changing yt-
trium concentration. Depending on zirconia polymorphism, a vari-
ety of microstructural morphology and residual stress distribution
will control the properties [18]. The purity of the starting material is
important to design optimum eutectic microstructures. The pre-
sence of impurities is one reason for localized constitutional su-
percooling and the formation of a cellular interface at the boundary
between the liquid and solid during solidification process. Another
important point to control the microstructures, it is thermal gra-
dient across the liquid-solid interface be as high as possible. The
magnitude of the thermal gradient limits the maximum rate at
which solidification can occur without the undesirable breakdown
of planar-liquid interface and the formation of a colony micro-
structures. In addition if the thermal gradient can be made suffi-
ciently high, high solidification rate results in a finer microstructure
and generally more desirable properties. In this paper, we have used
micro-pulling down technique for unidirectional Al2O3–YAG–ZrO2

eutectic plates crystallization from the melt under stationary stable
regime. The microstructure, morphology, crystallography and re-
sidual stress evolution as function of the growth rate are discussed.
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2. Experimental procedure

The starting material used in this work was made from com-
mercial high-purity (499.99%) Al2O3, Y2O3 and ZrO2 powders of
nano-spherical shape. The powders were taken at eutectic pro-
portion [17] 65 mol%Al2O3 /16 mol%Y2O3/19 mol%ZrO2, mixed in
an agate mortar and sintered at 1400 °C for 10 h.

Eutectic ceramics plates were solidified by the micro-pulling
down technique (m-PD) and the experimental set- is described in
our previous works [19–22]. An iridium crucible with plate shape
geometry was coupled to a radio frequency (RF) induction heating
source. To visualize the melt meniscus, the interface shape and all
the phenomenon which can be involved in the melting zone a CCD
camera was used to take inset a live picture through a small
rectangular window made in the iridium after heater and alumina
ceramic thermal insulation around the hot zone (Fig. 1). To protect
iridium crucible and after heater form oxidation and damage
argon atmosphere (2 L/min) was used during the solidification
process.

At the extremity of the capillary die crucible a pendant drop
flows and wet the lip of the die. A eutectic rod seed containing
Al2O3, YAG and ZrO2 phases with diameter of 3 mm was used for
seeding. After connection, the seed was pulled down with low rate
to enlarge the plate up to its final shape (Fig. 1). The solidification
process was controlled by manual adjustment of power generator.
In this work, the solidification rate was varied from 0.1 to 1 mm/
min. 100% of the melt was solidified. Depending on the initial

Fig. 1. Plate growth steps, (a) before connection, (b) connection, (c, d and e) pulling down and eutectic plate widening, (f) regular plate form after a few millimeters of
pulling.

Fig. 2. Al2O3–YAG–ZrO2 ternary eutectic plates pulled from the melt by m-PD
technique at different rates.

O. Benamara, K. Lebbou / Journal of Crystal Growth 449 (2016) 67–7468



Download English Version:

https://daneshyari.com/en/article/1789540

Download Persian Version:

https://daneshyari.com/article/1789540

Daneshyari.com

https://daneshyari.com/en/article/1789540
https://daneshyari.com/article/1789540
https://daneshyari.com

