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The Institute of Metal Research, Academia Sinica was originally established as a centre for the study of
Metallurgy in 1953 and grew repaidly in the past thirty years to become one of the largest research centers for
materials science and engineering in China. It is now situated in Shenyang, an important industrial city in this
country.

During the past thirty years, significant progress in the Institute has been made. Much has been done in the
development of new materials such as superalioys, refractory metals, special alloy steels, and carbon materials, and
in working out of new technologies such as welding, vacuum metallurgy, and surface spraying, and in the study of
crystal structure and defects in metals, structure and properties, deformation and fracture, oxidation and
corrosion, gases and inclusion in steels, and internal friction in metals. In addition, the basic theory for metals and
alloys and new experimental techniques have been developed. As a result numerous significant contributions to
industries and to national economy have been made. :

In recent years efforts have been made to promote the international academic exchanges and to keep close
contact with scientific research institution and learned societies in the United States, Britain, West Germany,
Japan, France, Italy, Romania etc to deepen friendship and understanding among scientists of these countries.

The academic and technical staff in this institute are more than six hundred, including nine professsors,
forty-three associate professors and thirteen senior engineers. Among them are Prof. Shih Chang-xu Prof. Guo
Kexin, and Prof. Zhuang Yuzhi, members of the Technological Science Division of Academia Sinica. Under their
guidance many postgraduate students are industriously pursueing for degrees of Master or Doctorate in science.

The institute is well equipped with various kinds of advanced apparatuses and instruments such as high
resolution electron microscope, field ion electron microscope, electron probe, multi-channel acoustic emission
source location and analysis system, electro-servo hydraulic fatigue testing machine, electron-beam furnace,
vacuum induction furnace, laser pulse thermal conductivity equipment, special welding equipment, nitrogen and
helium liquefiers and so on.

There are 74,000 copies of scientific and technical books collected in our library with 873 kinds of journals
and periodicals issued at home and abroad.

Prof. Lee Xun, who founded this Institute and was director for many years, died in March this year, but the
contributions he had made to the Institute will be always remembered. Prof. Shih Changxu is now in charge of the
Institute.

All the personal in our Institute will work enthusiastically to raise the academic standard of the Metal
Research Institute and to make further contributions for the cause of developing science and technology and for
the modernization of our country.
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METALLOGRAPHY AND METAL PHYSICS
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CRYSTAL STRUCTURE AND CRYSTAL DEFECTS
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The study of crystal structure and
defects consists of: 3 ¥ » 3 ¥ - % ¢ “« @ SR
1. High resolution electron micros-

copy: gStructural image at atomic ﬂ. . ‘. ‘ . ‘ ‘ . . . . . L J . ‘
resolution of solids such as alloys, ; .

oxides and other inorganic materials,
catalysts, minerals found recently in
China, etc. There is a high resolution =
electron microscope JEM 200CX.

2. Applied surface science: Surface
and interface structure and composition
under various conditions such as
absorption of gases, intergranular
embrittlement, vapour deposition, etc.
There is an AES-LEED and an
FIM-Atom Probe.

3. Structure of amorphous materials
and their crystallization processes,
especially the transition structures and
metastable phases.

Field ion image of [011] — oriented tungsten
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DEFECTS AND MECHANICAL PROPERTIES OF METALS
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Fig. 1.2.1 Relative change of Doppler broadening line-
shape of positron annihilation as a function of distance
from crack tip in o—Ti.
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Research fields: Defects and mechanical properties of
metals, fracture physics, internal friction and ultrasonic
attenuation, electrons and phonons in metals, positron

annihilation and M ossbauer effects of defects in metals.

Fundamental research, such as positron annihilation in the
plastic zone at a crack tip and the calculation of distribution
function of dislocations in the plastic zone using a modified
BCS Model have been carried out. A computer controlled
automatic torsion pendulum has been developed.

Fig. 1.2.3. Automatic torsion pedulum controlled by computer
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Fig. 1.2.2 Dislocation distribution in the plastic zone under small scale yielding, a) X/a unit, b) x/c as unit.
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PHYSICAL PROPERTIES OF SOLIDS
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A series of equipments has been developed for measuring
precisely the thermophysical properties, such as thermal
conductivity, thermal expansion, specific heat, elastic modulus
and radiative emissivity of metals, non-metals, coating and
composite materials over a wide range of temperature. Some
new principles for measuring are suggested. The measuring
of thermal conductivity of materials with changing shape
and structure during ablation has been solved both
experimentally and theoretically. Far-infrared coatings develop-
ed in this Institute for energy saving have been manufactured
and utilized successfully in practice in Liaoning and Fujian
provinces. Recently, some studies on super-conductivity,
thermoelectric power of intercalation compounds and the
physical mechanism of properties such as lattice vibration
and the microscopic dynamic process of thermal expansion
are in progress. The field of study has been enlarged gradually
from thermophysical properties to other properties and
includes the studies on methods of measuring, practical
applications and basic theories.

Laser pulse equipment for measuring
thermal conductivity

Auto-recording equipment for measuring
thermal emissivity

Auto-adiabatic equipment for measuring
specific heat
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FATIGUE FRACTURE

Research on mechanism of fatigue of pure Al. Fatigue crack growth rate shown on
fracture surface.

Near-threshold fatigue propagation in Ni-base superalloy. Observation under SEM
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The fatigue research laboratory was
founded in early sixties and continued
to grow carrying out alternating tests at
different temperatures and frequencies
in various environments as well as fatigue
test with random loading. In order to
make the most of the potential mecha-
nical properties of materials, fatigue
mechanism, low cycle fatigue
behaviour of superallcys, evaluation of
residual stresses and the effects of
surface treatment on fatigue have been
investigated in the laboratory and con-
siderable economic benefits have been
achieved.

Current work in the fatigue lab. is
concentrated on the  following
programmes: cyclic stress-strain
behaviour of FCC single crystals and
dual phase materials; initiation and
propagation of fatigue crack at early
stage; effects of metallurgical and
environmental  factors on  fatigue
threshold; overload retardation and
creep-fatigue interaction.



15 WO SR M

FRACTOGRAPHY AND FAILURE ANALYSIS
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Fig. 1.5.1. shows the dynamic process of nucleation and propagation of crack and fracture
in pearlite structure in which the crack initiated at pearlite colony interface (B) and growth
fault (A, C). As applied stress increases, the main crack (at A’) coalesces with the microcrack
ahead and finally fracture forms.

Fig. 1.5.2. shows a mechanism of flake formation in steels. The growth mechanism
without a nucleation process and with a microvoid as a starting point of flake growth has been
suggested after a study on dynamic process of flake formation. Through cooperation with the
Anshan Iron Steel Company, a new appropriate technological process has been taken to remove
flakes and good economic benefit has been achieved in production.
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Hydrogen damage and fracture
micro-process were investigated by
means of electron optical instruments,
acoustic  emission and  ultrasonic
techniques. Fractography was developed
for controlling qualities of metallurgical
products, as well as for failure analysis
of engineering parts. In the past decade,
the study of fracture and failure analysis
have made important contributions to
the  aviation, petrochemical and
machine building industries. It also
proves itself an indispensable means in
uncovering criminal cases for the public
security department.
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RARE-EARTH-TRANSITION METAL INTERMETALLIC COMPOUNDS
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China is well known for her abundant rare earth resources.
The comprehensive utilization of rare earth metals is one of
the Institute's main research directions. Now we are studying
and developing rare earth compounds with unique performances.

When the Co in the CaCus type RCos compound (R=Pr,
Gd, Y) is suitably substituted by a third metal M, RCog.xM
compounds with the same structure may be obtained. These
pseudo-binary compounds will partially decompose spinodally
into either R,Co;7 plus R,Co7 or R,Coy7 plus RsCoyg after
prolonged heating in the termperature range 650—800°C. (Fig.
1.6.1) When the substitutent metal M is Cu or A1, the RCog.,My
compound partially decomposes spinodally into R,Co; 7 and
M-impolished R(Co, M)s at low concentration.

The Curie temperature of Th,Nij; type Ho,Coyq.4xM
(M=Ni, Cu) compounds reaches a maximum at certain

Fig. 161 GdCos 720°C/48  days/ice-water concgntration of M which implies that thg effecjc of these
quenched. Partially decomposed products Subsmuenjc metals on the Co-Cp exchange ulnteract|on of the
morphologies (bright: Gd,Coy 7, grey: Gd;Cor). Co-sublattice at low concentration may be different from that
at high concentration. (Fig. 1.6.2) Now we are studying the
MGéssbauer spectrum of these compounds for this phenomenon.
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e N " . Fig. 1.6.2. Composition dependence of lattice
0 2 4 6 8 0 05 10 15 constants and Curie temperature for HopCoy7.xNix
xinHo;Cop-xNix XinHoz Coir-xCux and Ho,Coj 7.4Cuy systems.
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CORROSION, OXIDATION AND PROTECTION

strain (%)

Fig. 1.7.3 Stress-strain curve of 18/8 type austenite
stainless steel in boiling 45% MgCl, under different
potentials
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- Investigation of oxidation kinetics of metals and alloys has been carried out g) )
with several type of automatic micro-thermogravimetry analysis systems. Present - o
research work is to lay particular emphasis on the influence of rare earth elements e Va .
and dispersed rare earth oxides particles on the mechanism of high temperature 8 i i
oxidation behaviour of nickel base alloys, titanium alloys, and heat-resistant steels. _,0 B /. .
Yittrium and neodymium improve the oxidation resistance of IN939 alloy and -— y
high temperature titanium alloy, respectively. —5) : . INO3QY. -
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Fig. 1.7.2 Scanning electron microscope
image of oxide scale of Ti alloy with Nd
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The behavior of stress corrosion cracking of metals and alloys under

Fig. 1.7.4 Cleavage of 18/8 type austenitic
stainless steel in boiling 45% MgCl, under
different potentials.

certain specific environments can be studied by using constant strain rate
testing in conjunction with electrochemical measurements. This technique
provides an effective, rapid and reliable laboratory method to assess
susceptibility of materials to SCC.
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PHYSICAL METALLURGY OF WELDING
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Our institute has 25 years research history in the welding field.
Since early sixties we began studying the physical metallurgy of welding
and developing welding consumables, especially, great effort has
been made in the area of surfacing consumbles and the wear
mechanism of surfacing layers. Many successful applications have been
made in industry. In recent years, to meet the need of economic
welding on the solidification of aluminium alloy weld. cqnstruction we gngage in studying t.he strength ahd fractyre of wgld
a.  Scanning welding. joints, hot cracking and hydrogen induced cracking during welding
b. Welding with out scanning. and solidification of the weld pool aiming at improving the
microstructure of electron beam welds.

Fig. 1.8.1 Effect of elliptic scanning electron beam

1000 1250°C 1160C

Fig. 1.8.2 44,000 Kws hydroturbine runner for
Yan Guo Gorge Hydroelectri Power Station was i
surfacing welded with No. 1 hardfacing electrode at
Harbin Electric Generator Manufacturing Plant.
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Fig. 1.8.3 Test results of relative erosion Fig. 1.8.4 Typical hot ductility curve and high
cavitation resistance of investigated surfacing temperature tensile fracture morphology of low carbon
materials steel during welding
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A series of cast and wrought
superalloys based on national resources
for aviation astronavigation, energy
production, chemical industry and
architectural  engineering has  been
developed since the middle of fifties.
Now the principle of solidification,
directionally solidified eutectic alloys
and laser treatment of alloy have been
deeply investigated with the aim of
improving the properties of superalloys in
use and developing new alloys.

Microstructure of M17 cast superalloy

Mechanical ~properties of 761 Fe-base wrought
superalloy in comparison with several tubine disc
materials at differnt temperatures
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MOLYBDENUM ALLOYS
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Investigation of molybdenum alloys has been
carried out in this institute for more than twenty
years. Mechanisms of low temperature embrittle-
ment and high temperature oxidation-resistant
coating, welding and working techniques, have
been investigated extensively. Molybdenum alloy
piercer for producing stainless steel tubes and
molybdenum alloy sheets for the aerospace
industry have been developed. Recently, a high
strength wrought Mo-30W alloy was developed,
which has excellent resistance to molten zinc
corrosion and good ductility. Corrosion behavior
of this alloy in molten zinc was studied. Mo-30W
bars as vertical shafts in the zinc-smelting furnace
has a service life longer than one year which
satisfies the requirements demanded by the zinc
industry.

Fig. 2.2.1 Corrosion layer of Mo-30W plate
after five months service in molten zinc.

Matrix Corrosion  layer

Fig. 2.2.2 Concentration profile of Mo, W and
Zn in corrosion layer of Mo-30W alloy
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TITANIUM ALLOYS

RBERFAMK - FIHEARBEFTE > RS
®KEE - BIREIZ G &~ S S R IHKM
RBIRE RTINS RS

M & BRIN ARG &0 EERIE 8T ° 1
BT REE - HHFEHRH Tis X (Al Ga, Sn)
MRSt B THE Sc, Zr, V, Nb, Mo, E[alpaE
T0, C, NH FZ5M89 X 5 - Al T RIMERET #
A BE Tis XAENT R e FIREME 2
M ERER > AR T @Rk A S RGeS
BEkit o

B RAMERIEICFIEN - BLA RS
B PRt DA ARSI AL ©

Bi7eekin A Mo, Nb, W, Tallk PAdFIY & ¢
REHRMNBPOIE R SHLTN - 2B ESCA
AR sl L BRI 2 AR R e i R e e B o

Based on the need of new materials and
techniques, research on titanium alloys and their
applications has been carried out. It includes high
temperature alloys, shape memory alloys,
corrosion-resistant titanium alloys, steam turbine
blades etc.

Phase transformation study is of vital

importance in the development and application”

of titanium alloys. According to the electron
concentration concept, the correlations between
formation of ordered TizX phase {X=Al, Ga, Sn)
and electronic structure of alloying elements,
including transition metals Sc, Zr, V, Nb, Mo,
and interstitial elements O, C, N, have been
investigated. In this process, the a/TizX phase
boundaries have been determined by using the EM
dark-field technique. As a result, a characteristic
electron concentration criterion is proposed and a
phase calculation model established. This model
can be used in controlling thermal stability of
high temperature titanium alloys and is conducive
1o the designing of alloys.

In addition, the phase transformations of
thermoelastic martensite, and the shape memory
effects are being investigated by phenomenological
theory and computer program, in conjunction
with EM technique.

On the other hand, the effect of alloying
elements, Mo, Nb, W, Ta, Pd and Y etc, on
the corrosion and passivation behaviour of titanium
alloys has been investigated in solutions containing
HCI. The composition of passive film and its
effect on the corrosion resistance stability are
studied by ESCA.
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Fig. 2.3.1.

Determination of phase boundary of @/Tiz (Al, Sn) and characteristic
electron concentration 21

Vazlelzlce electron of alloying elements: NTj=2, NA1=3 (S°P"), and Ngn=4
(s?P?)
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Fig. 2.3.2.
ESCA analysis of passive film on Ti-Mo alloy in HCI-CH;3 OH solution
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CRYOGENIC STEELS
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It is found that aluminium markedly
suppresses the 1y — € martensite
transformation in Fe-Mn alloys (see
figures on right). A cryogenic non-
magnetic  steel-15Mn26Al4 has been
developed which has stable austenitic
structure as well as excellent mechanical
and physical properties in the tempe-
rature range 300 to 20K. A series of
cryogenic  steels has been developed
and special metallographic methods, e.g.
interference layer method have been
established.

Scope of research:

— thermodynamics and kinetics of
phase transformations, and structure
of alloys at cryogenic temperatures

— properties and structures of alloys

— design, investigation and develop-
ment of new cryogenic materials

— development of relevant cryogenic
experimental techniques.

15Mn26 Al4
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