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ABSTRACT CoCrW alloy is a kind of stellite allay, which has high strength, good wear resistance, and is wic 1_
ly used in aviation industry, nuclear industry and other fields. For a long time, the CoCrW alloy is mainly used I
coating to have an effect on wear and the corrosion resistance. With the development of the industry, the con .__.-:
tional cast CoCrW alloy has been widely studied. The mechanical Properties of the cast CoCrw alloy can b 4
changed by heat treatment, which is of high hardness and great brittleness. In this work, hardness and wear-
resistant properties of the CoCrW alloys as-cast and afier solution treatment were studied by combining XR
SEM, EDS, hardness test and wear resistance test, and effects of the solution temperature on the microstructure : "
wear-resistant properties were also investigated. The results showed that the microstructures of the CoCrW alloys
as-cast and after solution treatment were both composed of M.C., MiC and ¥-Co matrix, but the I
and distribution of carbides occurred in the alloy changed obviously by solution treatment, The dissolution of
large amount of carbides in the alloy after solution treatment was mainly responsible for the de i ."
and wear resistance of the alloy compared with that of the as-cast one. With the increase of the — .
ture, the Cr, W and other alloying elements in the carbides were dissolved into the #Co matrix 5o as 1o strengt]
the matrix resulting in the improvement of the hardness and the associated wear resistance of the T .“_-1_. .
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Numerical Simulation of Investment Casting Process of Nickel-based
Superalloy Impeller
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Ahstract: Solidification process of mvestment casting of MNickel-based superalloy impeller was simulated using the ProCAST soft-
ware, the reason leading to formation of defects of the 1mpeller during the solidification process was analyzed, and the mfluence of pour-
mg speed, pounng temperature and mold shell temperature on formation of defects was mvestigated. According to the results of the or-
thogonal expennment design, an optinmzed casting process parameter combmation was obtamned and the fillmg and solichfication process
of the scheme was analyzed. Sinmmlation results show that the defects of impeller mainly present mn the thin-walled positions of the blades,
that with the increase of pounng speed the degree of shninkage 1n mmpeller increases and low pounng speed can get a better impeller, that
with the mcrease of pounng temperature the degree of shnnkage 1n the impeller decreases gradually and pounng temperature affects the

degree of shnnkage slightly, that wath the increase of mold shell temperature the degree of shrinkage mcreases and mold shell temperature
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Abstract Thermal barrier coatings (TBCs) protection is
widely used to prolong the lifetime of turbine components.
The outermost layer of TBCs is ceramic layer, whose
function is heat insulation, and the main composition of the
ceramic layer is ZrQO-. In this study, the micro-Zr0- and the
nano-Zr0, doped with 10 wt% CeO, as well as micro-
Zr0; and nano-Zr0, were prepared by air plasma spraying
(APS) to study the advantages of the addition of rare earth
element. The effect of CeO; on the phase transformation of
Zr0-. was studied. The results show that there are few
cracks in micro- and nano-ZrO, doped with 10 wit% CeO,,
and rare earth oxides can affect the phase transformation
significantly. The morphologies, hardness and elastic
modulus of the four ceramic layers were also discussed.

Keywords Ceramic layer; Rare earth oxides; Phase
transformation; CeQ,
1 Introduction

Thermal barrier coating (TBC) is a multilayer material
applied to the surface of the high-temperature alloy, playing
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akey rolein protecting the metallic materials [1]. TBCs have
a wide application on aviation turbine engine blades, whose
major functions are heat insulation, oxidation resistance and
corrosion resistance |2, 3]. ltiscomposed of three layers, i.e.,
a ceramic layer, an oxide layer and a metal bonding layer,
one following another. The bonding layer is directly con-
tacted with the substrate, and the commonly used material is
MCrAlY, whose purpose is to provide better integration of
the ceramic layer and the substrate. As ceramic layer is an
oxygen ion conductor under high temperature, it also takes
the role of oxidation resistance [4]. The metal oxide layer is
resulted from the oxidation of the metal bonding layer under
high temperature, whose main component is Al.O;, taking
the role of oxidant resistance, but it also affects the life of
thermal barrier coatings [3, 6]. The outermost layer of the
thermal barrier coatings is the ceramic layer, whose main
function is heat insulation and reducing the operating tem-
perature of the substrate.

The main component of ceramic layer is ZrQ,, and the
pure powder of Zr0, at a normal temperature environment
is monoclinic phase [7], having a high melting point and
chemical inertness. However, monoclinic ZrO, is easily
corroded, and in the process of phase transformation from
monoclinic phase to tetragonal phase, volume expansion
from 5 % to 8§ % will be generated, which leads to the
cracking of coatings. Therefore, some stabilizers, such as
Y103, should be added for the purpose of replacing mon-
oclinic phase with tetragonal phase of ZrO, and improving
its chemical stability. Although the ceramic layer has good
wear resistance and heat insulation, it also has high brit-
tleness and low shock resistance, which is the key factor for
crack initiation. In order to exploit the potentiality of zir-
conium ceramic layer, nanometer-level vitria-stabilized
zirconia (YSZ) powder was used. It has higher hardness,
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Abstract. The finite element method combined with the singular element was adopted to study the
effects of thickness ratio of the coating-matrix. elastic modulus ratio of the coating-matrix. and
the ratio of ensile stress and shear stress on the coating top on the stress intensity of the
interface crack on the coating-matrix. Through calculations. results show that elastic modulus ratio of
the coating-matrix has little effect on stress intensity factor of interface crack, while the thickness
ratio and the tensile stress and shear stress ratio on the coating top have a great effect on it. which
should be controlled in the coating-matrix structure design.

Introduction

Many kinds ofcoating technology have been widely appliedin aerospace. coal-fired
boiler. mechanical component repair and many other fields [1-3]. Coatings in fields of aerospace and
utility boiler are mainly used to improve the wear resistance of the components, so most of the
coatings are ceramic coatings and metallic-matric ceramic coatings with high hardness. There are
defects in the coating interior such as stomata and the coating is the porous material. so its fracture is
mainly brittle fracture. The safety of component depends mainly on the integrity of the coating and
the base metal matrix, and the bonding strength of the coating is regarded as one of the
important targets to evaluate its applicability. The bonding strength of the coating includes two
aspects: one is the internal bonding strength of the coating. the other is the bonding strength between
coating and the base metal (matrix). The bonding strength between coating and matrix is a hot spot
that is paid a large amount of attention, so it’s an important design parameter to evaluate coating life
[4-6]. The coating stripping often begins from micro crack or defect on the interface between coating
and matrix. then under the external load crack is extending until the coating is stripped from matrix.
Therefore, it is necessary to measure the bonding strength on the interface with interfacial fracture
mechanics methods. and find suitable interface fracture control parameters. Obviously. this is
an interface problem of bi-material or multi-materials. Williams analyzed interface crack problems in
isotropic bi-material earliest [7]. and drew a conclusion that type I and type II crack tip stresses had
oscillatory singularity, so the crack tip stress field and stress intensity factor were very complex on
bi-material interface. In addition. many researchers used bending test to measure the fracture
toughness of interface between coating and matrix [8-12]. The critical interface stress intensity factor
or the critical interface energy release rate (Cc)is suitable for hard elasticity coating [/ hard
elasticity matrix system. If the matrix is very soft. when the interface crack extends, large range
vielding will occur in the matrix near the interface crack tip. In this paper, the finite element method is
used to study the relationship between interface energy release rate of coating-matrix and
its thickness ratio, elastic modulus ratio, tensile stress and shear stress ratio. which will provide
theoretical guidance for coating-matrix design.
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