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Abstract: The hot corrosion behavior of the superalloy GH4169 were analyzed in the salt mixture of 75Na,SO,+ 25NaCl (wt%) at
650, 750 and 850 °C for 50, 75 and 100 h. Then the precipitation of J phase and tensile properties of the superalloy at ambient
temperature were investigated. Results show that with increasing the heat treatment temperature, the ultimate tensile strength (UTS)

and yield strength (YS) of the alloy exhibit a drastic degradation while elongation improves significantly. The needle-shaped ¢ phase

precipitated at the grain boundaries can enhance the strength of the superalloy, and cause intergranular brittle fracture. As a result, the

ductility of the superalloy is reduced after exposure at 750 °C. The corrosion mechanism of the alloy conforms to type-II hot corrosion

at 650 and 750 °C while to type-I hot corrosion at 850 °C. Both kinds of corrosion can form a corrosion layer and promote the ¢ phase

precipitation.
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GH4169 superalloy is extensively employed as the vital
components of high-temperature load-bearing parts (e. g.,
blades, aerospace engines and gas turbines) for its prominent
mechanical characteristics and high corrosive resistance at
high temperature" ™. The strength of GH4169 alloy primarily
originates from coherent body-centered tetragonal y" (Ni,Nb)
precipitates and is slightly brought by some face-centered
cubic structured coherent y’ [Ni,(Al, Ti)] precipitates™'". The
equilibrium phase corresponding to the metastable y”
precipitates is the orthorhombic incoherent ¢ phase, capable of
transforming from y” phase under the exposure over
650 °C"*'". Moreover, because of the same composition of y"
and J, the growth of the J phase causes the y" phase to reduce,
thereby visibly degrading the mechanics-related charac-
teristics of the superalloy"”.

Owing to the broad application of GH4169 superalloy, it is
expected to withstand aggressive service conditions (e. g.,
complex hot corrosion environment and high temperature).
For instance, GH4169 alloy is commonly exposed to molten
salt, like NaCl and Na,SO, during service, causing severe hot

16,17

corrosion due to salt deposition on the surface!*"”. According
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to the temperature of the service, hot corrosion is generally
classified as high-temperature hot corrosion (800~950 ° C,
type-I) and low-temperature hot corrosion (600~750 °C, type-
1) "™, Type-I hot corrosion originates from basic fluxing,
alloy induced acidic fluxing or sulphidation, but type-II hot
corrosion  results induced acid fluxing or
sulphidation®™. In type-I hot corrosion, Na,SO, is in a molten
state, while it forms eutectic of Na,SO,-MSO, (M=Ni, Co, Fe)
in the type-II corrosion. The NaCl in the marine environment
reacts with the sulfur in the fuel in the combustion chamber of

the turbine and induces corrosion of the turbine parts®'.

from gas

Recent studies have explored the hot corrosion behavior
and mechanical properties of GH4169 alloy. Anderson et al™”
analyzed the relationships between J phase precipitation and
mechanical properties in IN718 superalloy. According to the
study of Mahobia et al®”, with increasing the thickness of slat
coating in different molten salt mixtures at 550 and 650 °C,
the hot corrosion rate of IN718 superalloy increases. Zhang et
al®™ suggested that with increasing the content of & phase, the
plasticity of the specimen at elevated temperatures decreases.
Lin et al®demonstrated that by facilitating the dynamic
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recrystallization with subsequent straining process, 0 phase
can expedite the flow softening. In addition, according to Ye
et al®™
accounts for the reduction of elongation. Thus, the mechanical
properties!'"?**7

tural evolution

, the excessive needle or short rod shaped ¢ phase

, corrosion mechanisms™*”, and microstruc-
B9 of typical nickel-based superalloys have
been reported by uniaxial tension/fatigue/creep experiments in
sundry molten salt mixtures at different temperatures.
Furthermore, the emphasis of several researchers was the
influences of hot deformation on precipitation of J phase®™**.
As evidently suggested from the mentioned studies, the
internal relationships between hot corrosion, precipitation of 0
phase and reduction of tensile properties of GH4169 have
aroused rare interest. Thus, the effect of hot corrosion on the
tensile behavior, precipitated phases and hot corrosion
mechanism of GH4169 requires in-depth analysis.

In this study, the effect of hot corrosion on precipitation of &
phase and tensile properties of GH4169 was investigated to
enhance the tensile properties and hot corrosion resistance, as
well as to predict the service life of GH4169 alloy. The salt
mixture of 75Na,SO,+25NaCl (wt%) was adopted to simulate
the atmosphere of combustion chamber of a gas turbine
engine, in order to corrode GH4169. The microstructure and
tensile properties of uncorroded specimens under the identical
treatment conditions of aging time and temperatures were
compared. Moreover, the intrinsic relationships between the
hot corrosion, tensile properties and precipitated phases were
elucidated.

1 Experiment

1.1 Materials

Beijing Institute of Aerial Materials provided the GH4169
rods with 20 mm in diameter, which were chemically
composed (Wt% ) of Ni52.46, Crl8.54, Nb5.45, Mo3.05,
Ti0.87, Al-0.53 and Fe balance (wt%). Based on HB5143-96,
they were divided to produce small rod-like tensile specimens.
Moreover, part of the GH4169 superalloy was processed into
a quarter cylinder with a radius of 10 mm and a thickness of 5
mm, which acts as the metallographic specimens. Fig. 1
illustrates the specific dimensions of the tensile specimen.

1.2 Hot corrosion treatment

In the present study, the cylindrical tensile specimens were
subjected to corrosion heat treatment by a salt mixture
consisting of 200 g 75Na,SO,+25NaCl (wt% ) with the cru-
cible method. Thermal exposure was performed at 650, 750
and 850 °C for 50, 75 and 100 h. The hot corrosion was

Fig.1 Rod-like tensile specimen

performed in an air furnace, and the heat treatment was started
as soon as the tensile specimens were placed into the furnace.
To keep the metallographic phase of the tensile specimen
unchanged after the heat treatment, the tensile specimens after
the heating were water quenched. To determine the hot
corrosion effect, the reference group without corrosion heat
treatment was established.

1.3 Tensile test and preparation of metallographic speci-

mens

Uniaxial tensile tests were performed on Instron 5982
electronic universal material testing machine at the ambient
temperature with a mechanical extensometer, which has a
maximum displacement of 2.5 mm. Since the range of the
extensometer was limited, the strain rate was assessed until
the extensometer was removed after 1%. Former tensile tests
proved that the interruption does not affect the accuracy. For
each heat treatment condition, tensile were repeated two
times. The average values were obtained for analysis. To delve
the impact of hot corrosion on tensile behavior, the
microstructures and fracture surfaces were analyzed by the
scanning electron microscope (SEM) and the energy-disper-
sive spectrometer (EDS). The metallographic specimens were
prepared by standard grinding and mechanically polishing
procedures. Subsequently, they were etched for 7 min in a
corrosive liquid composed of 1.5 g CuSO,-5H,0+20 mL
C,H,OH+20 mL HCL.

2 Results and Discussion

2.1 Tensile behavior

The tensile properties of the studied superalloy GH4169
after all the heat treatment are illustrated in Fig.2. It shows
that the mechanical properties exhibit a sensitivity to hot
corrosion and temperature. With the rise of the heating
temperature, both the yield strength (YS) and the ultimate
tensile strength (UTS) monotonically decrease sharply.
Furthermore, with the prolonged heat treatment time, YS and
UTS show a slight decrease. Additionally, under the
temperature of 650 and 850 °C, YS and UTS of uncorroded
specimens generally exceed those of the corroded specimens.
An opposite behavior can be observed at 750 °C, namely, the
YS and UTS of corrosive specimens are almost higher than
those of noncorrosive specimens.

The tendency of the elongation to failure of the uncorroded
specimens is consistent with that of corroded specimens, as
presented in Fig.3. However, the elongation of noncorrosive
specimens is nearly greater compared with that of corrosive
specimens. Basically, with increasing the heating treatment
temperature, the elongation of the specimens increases
continuously. The variation of elongation to fracture is not
obvious when the thermal exposure time increases at the
temperature of 650 and 850 °C, except corrosive specimens at
850 °C, which displays an obvious downward trend. In con-
trast, the 750 °C heat treatment displays a significant trend of
increasing with the rise of the heat treatment duration. It is
noteworthy that the elongation of the specimens at 750 °C for
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Fig.2 YS (a) and UTS (b) variation curves of GH4169 superalloy

under different heat treatments

50 h is close to or smaller than that of the specimens at 650 °C
for 50 h.
2.2 Tensile fracture morphology

To identify the fracture characteristics, the fracture
morphology of the fiber region of the uncorroded specimens
were observed. Overall, from Fig. 4a and Fig. 4b, it can be
indicated that the fracture surfaces exhibit typical equiaxed
dimples at the temperature of 650 and 750 °C, which form
since the plane is perpendicular to the force loading direction.
For the material aged at 850 °C, some noticeable elongated
dimples are distributed on the fracture surface (Fig.4c), which
are caused by considerable J phase at 850 °C, and the fracture
direction is along the ¢ precipitation direction, thereby
elongating the dimples.

The microstructures of the tensile fracture fiber zone of the
corrosion heat treated specimens are illustrated in Fig.5. The
morphology is different from that of the uncorroded
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Fig.3 Elongation variation curve of GH4169 superalloy under diffe-

rent heat treatments

specimens. At 650 °C, compared with uncorroded heat treated
specimens, the number and size of tiny voids in the fiber
region remarkably increase. Different from other conditions,
grains can be easily observed on the fracture surface, almost
without dimples (Fig. 5b). As indicated from the mentioned
typical fracture features, failure takes place by mixture of
ductile fracture and intergranular (primarily
intergranular fracture) at 750 °C. The fracture morphology at
850 °C is similar to that of uncorroded specimens at 850 °C;
however, compared with the uncorroded specimens, its

fracture

dimples and tiny voids are larger, denser and more abundant
in the whole.
2.3 Metallographic morphology

Fig. 6 illustrates the general sequence of precipitation after
the non-corrosion isothermal treatment. It can be observed
that with increasing the heat treatment temperature and time
under noncorrosive conditions, the distribution and
morphology of J precipitates vary considerably. The
characteristics of J phase are almost similar according to
Fig. 6a~6¢c. The notable phenomenon is significantly few
granular and short rod-shaped J particles in grain boundaries
regardless of the duration time. As shown in Fig. 6d, a very
small amount of intergranular ¢ phases are reported at certain
grain boundaries usually in the form of globular particles.
Moreover, most of grain boundaries remain free of o

precipitates. With the extension of treatment time, a relatively
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Fig.4 Morphologies of fiber areas in tensile fractures after non-corrosion heat treatment at different temperatures: (a) 650 °C, (b) 750 °C,

and (c) 850 °C
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Fig.5 Morphologies of fiber areas in tensile fractures after corrosion heat treatment at different temperatures: (a) 650 °C, (b) 750 °C, and (c)

850 °C
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Fig.6 Microstructures of GH4169 superalloy after non-corrosion heat treatment under different conditions: (a) 650 °C, 50 h; (b) 650 °C, 75 h;
() 650 °C, 100 h; (d) 750 °C, 50 h; (e) 750 °C, 75 h; (f) 750 °C,100 h; (g) 850 °C, 50 h; (h) 850 °C, 75 h; (i) 850 °C, 100 h

considerable J phases present in grain boundaries, as shown in
Fig. 6e, which are evolved into the continuous needle-like J
phase beyond the precipitation of particles in a given grain.
When the treatment duration reaches up to 100 h, particle-like
and short plate-like 0 phase already precipitate in grains,
indicating an obvious coarsening of the preexisting oJ
precipitates. At the thermal exposure temperature of 850 °C, in
spite of the duration time, there are two distinguished types of

precipitates, i.e., granular- and needle-shaped along the grain
boundaries, and lamellar and clusters of parallel plates
throughout the grains. Under the mentioned condition, the
quantity of intragranular precipitates is more pronounced
compared with that of the intergranular ones.

The typical microstructures of the GH4169 specimens after
different corrosion heat treatments are presented in Fig. 7.
Under the same heat treatment conditions, the ¢ phase number
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of corroded specimens is greater compared with that of
uncorroded specimens. In Fig. 7a~7c, considerable J phases
exist at the grain boundaries, and most of them are circular or
short rod-shaped while only few particles have no clean grain
boundaries. At 750 °C, ¢ phases turn out to be obviously
coarsened, and some J phases are elongated and needle-
shaped cross over the whole grains. The distribution of J
phase at 850 °C is similar to that under 850 °C non-corrosion
heat treatment; its precipitation, however, is found to be
larger, denser and more abundant than that of the uncorroded
specimen. The J phases running through the entire grain
parallel with the grain are interlaced, and the amount of
intragranular precipitates is proved to be preponderant over
those intergranular.

2.4 Corrosion oxide layer morphology

The morphologies of the oxide layer of the uncorroded
metallographic specimens are illustrated in Fig.8. With the rise
of the treatment temperature, the thickness of the oxide layer
shows a slight variation, demonstrating that GH4169 displays
outstanding oxidation resistance without corrosion.

The outermost oxide layer and the inner corrosion layer are
separated by a dividing line in Fig.9, while the delamination

exists. With increasing the heat treatment time, the thickness
of the corrosion layer shows a remarkable elevation. The
oxide layer has a tendency to peel off and then a gap between
the oxide layer and the corrosion layer is formed. Fig. 9
illustrates the line scan results, demonstrating that the oxide
layer is primarily composed of Cr, Fe elements and their
oxides. With the variation of time, the S element is primarily
identified in the corrosion layer at first (line 1); next, the
content is peaked at outmost layer (line 2); lastly, and it
becomes the original state but violently fluctuates at the
corrosion layer (line 3). However, only a small amount of ClI
element is relatively evenly distributed on both layers, besides
the peak which is formed at the outmost oxide layer, as
depicted in line 3.

The oxide layers of the specimens in Fig. 10 peel off
completely, and only the exposed corrosion layer can be
identified, as compared with Fig.9. With extending the heat
treatment time, the corrosion layer becomes gradually loose
and porous. Moreover, corrosion products emerge between the
corrosion layer and the matrix, which are most noticeable in
line 6 and increase the thickness of corrosion layer. According
to the line scan results in Fig. 10, the S element is primarily

Fig.7 Microstructures of GH4169 superalloy after corrosion heat treatment: (a) 650 °C, 50 h; (b) 650 °C, 75 h; (c) 650 °C, 100 h; (d) 750 °C, 50
h; (e) 750 °C, 75 h; (f) 750 °C,100 h; (g) 850 °C, 50 h; (h) 850 °C, 75 h; (i) 850 °C, 100 h
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Fig.8 Morphologies and thickness of oxide layer of non-corrosion heat treatment specimens at different temperatures: (a) 650 °C, (b) 750 °C,

and (c) 850 °C
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Fig.9 Corrosion oxidation layer morphologies (a~c) and line scan results along line 1 (d), line 2 (e) and line 3 (f) of hot corrosion-treated

specimens at 650 °C for different time

distributed in the corrosion layer near the matrix and Cl
element is detected in corrosion layer at first (line 4). With the
continuous corrosion, the outer side of the corrosion layer
shows a gradually loose change, and the contents of Cl and S
elements increase (line 5). Lastly, the novel corrosion layer is
formed; meantime, considerable S elements are detected in
this layer; on the original corrosion layer, the content of O
element, however, is noticeably high (line 6). It is
demonstrated that the corrosion products formed by
sulfidation are finally oxidized and make the corrosion layer
porous.

Similar to Fig. 10, only the exposed and thicker corrosion
layer can be observed in Fig. 11. At 850 °C, the corrosion
mechanism follows type-I rather than type-II; the corrosion
process is faster and the layer is thicker. The results of the line

scan are also illustrated in Fig.11. Such as line 6, considerable
O can be detected in the incompletely peeled corrosion layer,
but the content is small in the unpeeled corrosion layer (line
7). As the corrosion process continues, the S element is
extensively distributed in the corrosion layer and the content
peaks appear in some places, but the Cl element is primarily
distributed near the matrix (line 8). This distribution is
maintained (line 9), which illustrates that the corrosion
process is a cycle of a series of processes and will eventually
gradually stabilize.

2.5 Discussion

2.5.1 Influence of hot corrosion on tensile properties and
precipitation of 6 phase

Fig.2a shows that in a given heat treatment duration, the YS
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specimens at 750 °C for different time

of specimens decreases considerably with the increase of
temperature, attributing to the transformation of the streng-
into the non-hardening J phase and the
decrease in the p" phase (Fig. 6 and 7); as a result, less

"

thening phase y

precipitation hardening is caused. As the heat treatment
continues, however, the YS of both corroded and uncorroded
specimens shows a slight variation at a certain temperature;
this finding is primarily determined by the almost unchanged
metallographic appearance. Furthermore, the hot corrosion
degrades the YS of the specimens (Fig. 2). At 750 °C,
compared with uncorroded specimens, countable needlelike &
phase is generated at grain boundaries of corroded specimens.
As generally confirmed in Ref.[26], needle-shaped J phases in
strain-free structure hinder the migration of horizontal grain
boundaries to enhance the strength, which can compensate for
the decrease in strength because of hot corrosion. Thus, after
hot corrosion at a set temperature, the overall YS is elevated
slightly except for exposure time of 50 h, at which the
enhancement effect cannot reverse the corrosion damage
because the content of needle-shaped J phase is slightly
affected by the exposure time of 75 and 100 h, and the values
are close. Moreover, as impacted by the defects induced by
hot corrosion, more favorable nucleation sites can be created
for ¢ precipitation. As a result, an incremental content of J
phase is identified in the corroded specimens. The variation of
UTS is similar to that of YS (Fig.2b), as caused by the same
reasons.

At the lowest and the highest testing temperatures (650 and
850 °C), elongation of uncorroded specimens varies slightly
as isothermal duration prolongs, which is attributed to less

Distance/um
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Distance/um

Corrosion oxidation layer morphologies (a~c) and line scan result along line 4 (d), line 5 (e), and line 6 (f) of hot corrosion-treated

obvious changes of microstructure appearance. However, elon-
gation of corroded specimens declines dramatically at 850 °C,
as impacted by an incremental level of degradation with the
time. At the treatment temperature of 750 °C, however, the
dramatic increase of elongation is presented when the duration
increases. It can be suggested that the corroded superalloy
exhibits brittle intergranular fracture (Fig.5b), according with
its lowest ductility. The major causes of the occurrence of
intergranular fracture are elucidated below. First, for the
existence of strengthening phases (y" precipitates) in the
matrix, the performance of the matrix is relatively great
compared with grain boundary. Second, during extension
process, the difference of stress between the precipitated o
phases and matrix without
strengthening phase precipitated forms cavities™. As a result,
the grain boundaries are converted into the preferential sites
for crack initiation; then, they undergo the propagation along
grain boundaries. Thus, the failure takes place in a mixed
ductile and brittle fracture mode under this condition. With the
further increase of treatment time, a large number of ¢ phases
precipitate within the matrix, which distinctly reveal the
depletion of strengthening phases for their relationship of
coexistence, thereby causing the ductile fracture of the
specimens, accompanied by the
elongation.
2.5.2  Corrosion mechanism analysis

The corrosion mechanism from 650 °C to 750 °C follows
type-1I hot corrosive process, originating from gas induced
acid fluxing™'”. At 650 ° C, sulfate ions enter the matrix
through the interstices of the oxide layer and vulcanize nickel

along grain boundaries

which is increase in



3434 Song Xiaoxiao et al. / Rare Metal Materials and Engineering, 2021, 50(10):3427-3436

— -
Sl AN 850°c/75h

sion:layer ¢ pecling gap &

Line 8

M Matrix

100 100

Corrosion layer

850 °C/100 h

Corrosion layer

—OK FeK NiK ——CrK d
——CK —SK ——CIK ——NbK

75t

Concentration/at%

——OK —FeK
——CK——SK ——CK——NbK

100

NiK ok e ——0K —FeK —NiK CrK f

——CK —SK ——CIK——NbK

75+

100
Distance/um

Fig.11

specimens at 850 °C for different time

in the matrix. At the same time, M(Ni, Fe, Cr, etc.) elements in
the matrix are oxidized:

9Ni + 2S03" — 6NiO + 2Ni,S, + 20" (1)

M + x/20, — M,0, 2)

The ongoing oxidizing process of Cr, Fe and other
oxidizable elements decrease the oxygen activity, thereby
enhancing the activity of S atoms and forming nickel sulfide.
Furthermore, nickel sulfide expedites the outward diffusion of
Cr and Fe elements and their oxides, thereby leading to the
formation of the corrosion layer under the oxide layer. With
the hot corrosion proceeding, the corrosion layer gets thicker,
the oxygen partial pressure decreases with the oxidation of Cr
and Fe, while sulfur partial pressure on surface rises (line 2)
and vulcanizes the oxide in corrosion layer. As impacted by
the high thermal expansion coefficient of sulfide, significant
delamination appears after water cooling. Furthermore, the
gas induced by NaCl makes the protective oxide layer porous,
increasing the diffusion ratio and concentration of sulfur into
the matrix (line 3):

2Cr,0; + 50, + 8NaCl — 4Na,CrO, + 4Cl, 3)

With the extension of corrosion time, the surface oxide
layer gradually melts, which accelerates the process and
makes the corrosion layer much thicker than before. At
750 °C, it conforms to the same corrosion mechanism but with
the faster reaction. The protective oxide layer is completely
melted (lines 4 and 5) and forms a relatively thick corrosion
layer. As the partial pressure of CI element increases (line 5),
M elements in the matrix begin to combine with CI:

M + Cl, — MCI, 4

The mentioned metal chlorides are very volatile and will be

Distance/um

Distance/um

Corrosion oxidation layer morphologies (a~c) and line scan results along line 7 (d), line 8 (e), and line 9 (f) of hot corrosion-treated

oxidized again during volatilization and the oxide formed will
make the corrosion layer loose (line 6). Until the depletion of
overall chloride ions, the oxidation will stop and the chloride
ions will eventually volatilize as chlorine gas:
2MCl, + 3/20, — M,0, + 2Cl, 5)
At 850 °C, the corrosion mechanism varies from type-II to
type-1I, which is caused by sulphidation, alloy induced acidic

fluxing or basic fluxing®'”

. The sodium sulfate undergoes
molten state and decomposes again to form sulfur. The sulfur
is easier to enter the matrix than the sulfate ion and directly
binds to the M elements in the matrix, skipping the mentioned
sulfidation and oxidizing process in type-II, which expedites

the corrosion:

Na,SO, — Na,O + SO, (6)
280, — 2S + 30, 7
2M + 3S — M,S, ®)

After the mentioned process, the thickness of the oxide
corrosion layer is elevated significantly. Under the thickness
of a certain level, it will peel off after water cooling (line 7).
As impacted by the rise of temperature, the rate of chloride
oxidation is elevated, and numerous voids appear in the
corrosion layer, providing the positions for precipitation of J
phase (lines 8 and 9). Accordingly, the corrosion process
refers to a procedure of continuously forming a corrosion
layer and subsequently peeling it off.

3 Conclusions

1) The J content of GH4169 superalloy significantly
increases after hot corrosion treatment in comparison with that
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of the uncorroded specimen. Moreover, the J phase of the
corrosion specimen is more continuous and coarser in size.
This can be due to the porous surface induced by the hot
corrosion, which can generate more favorable nucleation sites
for 6 phase precipitation.

2) The mechanical properties of the GH4169 superalloy
exhibit a sensitivity to the precipitation and coarsening of J
phase at grain boundaries, strengthening phases and J phase
within the grains and the transformation of the y” phase to the
0 phase. Overall, the YS and UTS dramatically decrease,
whereas the elongation to fracture increases with increasing
the heat treatment temperature. Furthermore, almost all the
corroded specimens after the identical treatment present
relatively low mechanical properties compared with the
uncorroded superalloy, except at 750 °C.

3) The needle-like brittle J precipitates at the grain
boundaries are proved to effectively boost the tensile strength
impacted by the impeded migration of grain boundaries, as
well as facilitate the initiation and propagation of intergranular
brittle fracture; as a result, ductility is worsened after exposure
at 750 °C.

4) The corrosion mechanism conform to type-II hot cor-
rosion at 650 and 750°C but to type-I hot corrosion at 850 °C.
Both of them are the process in which the matrix undergoes
the vulcanization, whereas the difference can be reflected by
the fact that type-I develops faster than type-II for skipping
oxidation. As impacted by the participation of NaCl, the
corrosion layer is porous and gradually peels off.
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AR TR GH4169 =R & & o BT H AR 1% BERYFZ M

KEH'S B &L F M, FIUE, Ehed £ OF°
(1. P E RIS ROz TR R, RHE 300300)
Q2. PEEEEARFI R OARAR, KHE 300300)

 FE: /3TE650. 750, 850 CHULILAMET, WAL T ik & 4 GH4169 7F 75Na,SO,+25NaCl (I /340 1 B FREE T (10 #4847
N, ZJERHATHLUERAER ) F e, 45K B AR ZE AW &, miRE S MPRRREE (UTS) AUERIEE (YS)
RIS, KRR FER . HET750 CHRAT, &IACH HIEHIR SRR S iR & SN, SECE 4 IR & T N2
%, BIRT AEMBEE. f£650 750 CT, JEMNIEIRFA ILRAEM, (HFE 850 CAAMF TAFA LALHE M, 2P B E s (it T
AR SR

KBIR: AJET GHA169 iR & 4 oMl fufiikfg

fEZ @A REH, Y, 1990 F4, wit, oE MRS G2 TR, KE 300300, Hif: 022-24092872, E-mail:
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