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Abstract: The dynamic recrystallization behavior of a novel Ni-based superalloy was investigated by means of isothermal
compression tests in the temperature range of 1040—1120 °C, and the strain range of 0.35—1.2 with a strain rate of 0.1 s”. The

microstructure evolution and nucleation mechanism of dynamic recrystallization (DRX) were investigated by optical microscope
(OM), scanning electrical microscope (SEM), and electron backscattered diffraction (EBSD). Results show that the critical stress and
strain for the initiation of DRX are determined from the work hardening rate curves. The volume fraction of DRX grains increases
with increasing the temperature and strain. Both discontinuous dynamic recrystallization (DDRX) and continuous dynamic
recrystallization (CDRX) coexist at low deformation temperature and low strain. The effect of CDRX becomes weaker with

increasing the deformation temperature, and DDRX is the dominant nucleation mechanisms of DRX at higher temperatures. With

increasing strain, the effect of DDRX becomes stronger, and CDRX can only be considered as an assistant nucleation mechanism of

DRX at the latter stage of deformation for the studied superalloy. Additionally, £3 twin boundary contributes to the nucleation of DRX

grains.

Key words: Ni-based superalloy; hot deformation characteristic; DRX behavior; nucleation mechanism of DRX

Ni-based superalloys generally have high hot processing
resistance and a narrow hot processing window™\. It is
known that the hot components are prepared by hot
deformation. During hot deformation, the evolution of
microstructure is associated with the work hardening (WH),
dynamic recovery and dynamic recrystallization (DRX) ™.
Simulation and experimental results show that DRX is a major
softening mechanism of superalloys during hot deforma-
tion” """, Moreover, DRX is also an effective way to refine the
grain size and reduce the thermal processing resistance, so the

mechanical properties are improved! "

. Consequently, it is
essential to understand the DRX behavior of superalloys. The
mechanisms of DRX mainly include: discontinuous DRX
(DDRX) and continuous DRX (CDRX)™ . DDRX involves
the nucleation of new grains and subsequent grain growth™®.
The nucleation of DDRX is induced by the bulging of initial
grain boundaries. The DDRX nuclei grow by the migration of

grain boundaries. CDRX is realized through the progressive
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sub-grain rotation and geometric DRX, which is related to the
continuous absorption of dislocations, and the new grains will

form'"’

I, For superalloys with a low or middle stacking fault
energy (SFE), CDRX is considered as an assistant nucleation
mechanism of DRX at the low temperature or earlier
deformation stage, while DDRX conducts as a dominant
mechanism at the latter deformation stage™”.

It is well known that y’ particle characteristics, including
volume fraction, size, morphology and distribution, are crucial
to the DRX behavior"™. Thus, y' particles exert significant
effect on the control of the microstructures and mechanical
properties of superalloys'”. Generally, y' particles can affect
the nucleation and growth of DRX grains. On the one hand,
the nucleation of DRX grains occurs at the y' particles, mainly
due to the particle-induced DRX, characterized by the
formation of sub-grains accelerated by j' particles hindering
dislocations motion™. On the other hand, the y’ particles can
significantly hinder the grain boundary migration and limit
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grain growth referred as Zener drag

particles undergo complex transformation when encountering
221

. The coherent y

with the moving grain boundaries
precipitated y’ possesses lower p/y’ interface energy and
thereby exerts higher Zener pinning force on moving grain
boundaries. Furthermore, the coherent interfaces will lose

The coherently

their coherency and transform into incoherent ones after
encountering with moving grain boundaries"”, which is
accompanied by the rotation, dissolution, and re-precipitation
of the y” particles™. The dissolution of y’ particles leads to the
coarsening of DRX grains, because of the weakening of the
pinning force exerted by the ' precipitates on the moving
grain boundaries™.

The addition of Co can significantly reduce the SFE of
superalloys”™. A low SFE can inhibit the cross-slip and non-
planar dislocation structure and facilitate the tendency to

P9 Recently, deformation twinning is considered as

twinning
an effective way to improve the mechanical properties as the
arrangement of atoms are mirror reflections on both sides of
the boundary plane™>*. In addition, it has been reported that
the evolution of twin boundaries is closely related to the
deformation parameters”™, which also play an important role
in the nucleation of DRX grains due to the lattice rotations in
superalloys with low SFEP”. Thus, it is necessary to study the
evolution of twin boundaries during hot deformation. The
electron backscattered diffraction (EBSD) technique provides
the detailed information about the grain orientations.
Therefore, EBSD is a powerful tool to investigate the
evolution of microstructures and the nucleation mechanisms
of DRX.

Frequency

In this work, isothermal compression tests were carried out
in the deformation temperature range of 1040—1120 °C and
the strain range of 0.35-1.2 with a strain rate of 0.1 s”'. The
aim of the study was to investigate the microstructure
evolution, as well as to clarify the nucleation mechanisms of
DRX of the studied superalloy during the hot deformation.
Moreover, particular attention was paid to the evolution of the
twin boundary and the y’ particles.

1 Experiment

The chemical composition (Wt%) of the studied superalloy
Ni-19.5Co0-16.5Cr-5W-2.5A1-2.5Ti-2.5Nb-
0.02C. Cylindrical specimens with a diameter of 10 mm and a
height of 15 mm were machined from the forged bar with a
diameter of 150 mm. The specimens were solution treated at
1080 °C for 4 h followed by oil quenching before hot deforma-
tion, and the typical microstructures of the specimens are

is as follows:

shown in Fig.1. It can be seen that the initial microstructure is
composed of numerous equiaxed grains with random
orientations, the grain size is about 293.2 um, and the fraction
of £3 twin boundaries is about 47.7% (Fig.1a and 1b). And the
y' particles show a spherical shape with a small diameter of
31.9 nm mainly ranging from 22 nm to 42 nm and are
uniformly distributed in the matrix (Fig.1c and 1d).

Hot compression tests were conducted with a Gleeble-3800
thermal simulation machine at the temperatures of 1040,
1060, 1080, 1100 and 1120 °C, and the strain rate of 0.1 s™.
The reductions of the specimens at different temperatures
were set to 0.35, 0.7 and 1.2. In order to minimize the friction
between the specimen and the fixture, the tantalum foils were
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Fig.1 Typical initial microstructures of orientation imaging map (a), misorientation distribution (b), morphology of y’ particles (c), and size

distribution of y’ particles (d) for the studied superalloy
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placed on both ends of the specimens. A thermocouple was
installed in the middle of the specimens to track the
temperature change during the hot compression processes.
Before hot compression, each specimen was heated to test
temperature at a heating rate of 10 °C/s and held for 5 min to
minimize the thermal gradients. During hot compression, the
stress-strain data was automatically collected by the test
system. After hot compression, the tested specimens were
immediately quenched by water to maintain the deformed
microstructures. Fig.2 shows the schematic diagram of the hot
compression tests.

The deformed specimens were cut along the compression
axis and then ground and mechanically polished. For optical
microscope (OM) analysis, the mechanically polished
specimens were etched in a solution consisting of CuCl, (5 g)+
HCI (25 mL)+ethanol (25 mL) at room temperature for 2—3
min. For EBSD observations, the specimens were electron-
polished in a chemical solution (80 mL methanol+20 mL
H,SO,) at 20 V for 6 — 8 s. The specimens for SEM
observations were electron-polished and then electro-
chemically etched in a solution (15 g Cr,0,+10 mL H,SO,+
150 mL H,PO,) at 4.5 V for 4-6 s.

2 Results and Discussion

2.1 Hot deformation characteristics

Fig. 3 shows the stress-strain curves of the superalloy at
different testing temperatures. The flow stress curves exhibit
three stages, i.e. an obvious work hardening stage followed by
a softening stage and then a steady stage at the high strain
zone. The shape of the flow stress curves indicates that the
studied superalloy exhibits DRX features”". In the initial
stage, the dislocations continuously appear and accumulate,
resulting in the work hardening. And the dynamic recovery
induced by dislocation cross-slip and climb is hardly to fully
offset the work hardening™. Thus, the flow stress increases
with the increase in strain. In the softening stage, the DRX
occurs when the stress reaches a threshold (o,). The effect of
work hardening is partially offset by softening mechanisms
related to the nucleation and growth of DRX grains, and thus
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Fig.2 Schematic diagram of hot compression tests
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Fig.3 Stress-strain curves of specimens at different temperatures

with a strain rate of 0.1 s™

work hardening rate is reduced. When the peak stress (a,) is
reached, the DRX behavior is fully activated, and the
softening effect exceeds the work hardening, which decreases
the flow stress. Finally, a steady-state flow stress (o)) can be
obtained when the working hardening and dynamic softening
reach a dynamic equilibrium.

Generally, DRX is initiated before the stress reaches o,. A
thermodynamic method proposed by Poliakt and Jonass™' can
determine the critical stress for DRX (o) and the critical strain
(&). In view of the thermodynamic theory, the critical value of
DRX can be identified by the 0-0¢ curve, where 6 is work
hardening rate (f=do/de). The inflection point in the -¢ curve
represents the o, of DRX activated, which reflects the

deformation mechanism variations™"

. The corresponding ¢,
can be determined by the Inf-o curve. The critical points of o,
and o can also be distinguished from the 0-o curve.

Fig.4 shows the work hardening rate curves of the studied
superalloy at different temperatures. The o, and ¢, for the
occurrence of DRX are identified from the inflection point in
the curves. It can be seen that the inflection points appear in
the range where the strain is less than 0.14, which indicates
that DRX is prone to occur at the tested temperatures. This
may be due to small deformation degree to initiate DRX for
superalloys at elevated temperatures®. After the inflection
point, the value of 8 quickly drops to zero with the flow stress
reaching the o,, which is mainly caused by the increase in the
DRX fraction. Moreover, although the steady state is not
reached until an ultra-low stress at 1040 °C, the points of g
can be traced in the #-o curves. This means that fully DRX
can be achieved at high strain zone.

2.2 Microstructure characteristics

Fig.5 shows the microstructures of the studied superalloy
under different conditions. The fraction and morphology of
DRX grains are significantly affected by the temperature and
strain. At low temperature and strain, only a few DRX grains
are nucleated at original grain boundaries. And in the high
strain zone, the microstructure still includes a few elongated
unrecrystallized grains. At high temperature and strain, DRX
grains are obtained. As the deformation temperature exceeds
1080 °C, the fully DRX structures form at the latter stage of
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Fig.4 Change of work hardening rate with stress (a) and strain (b) of the studied superalloy at different temperatures
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Fig.5 Microstructure characteristics of the studied superalloy at different deformation temperatures and strains

hot deformation.
2.3 Effect of deformation temperature on DRX

2.3.1 Microstructure evolution

To characterize the dependence of the grain structure and
misorientations distribution with deformation temperature,
some specimens were analyzed by EBSD technique. Fig. 6
shows the orientation imaging maps and the misorientation
distribution of the studied superalloy at different temperatures.
Different colors in the orientation imaging maps represent
different grain orientations. At 1060 °C, the microstructure is
mainly composed of elongated initial grains with sub-structure
and some fully DRX grains. And the average misorientation
angle is determined as 22.90° (Fig.6a and 6d). With increasing
the temperature, the initial grains are gradually replaced by
DRX grains, resulting in the decreased fraction of deformed
and sub-structured grains. Meanwhile, the average misorien-
tation angle increases to 23.02°, which also indicates that the
amount of DRX grains increases with increasing the temper-
ature (Fig. 6b and 6e). As the temperature increases to
1120 ° C, numerous uniform and fine grains form accom-

panied by rapid reduction of sub-structured and deformed
grains, especially the deformed grains which almost entirely
disappear. The average misorientation angle further increases
to 31.16° (Fig.6e and 6f). This is because DRX is a thermal
activation process, which involves the nucleation and growth
of DRX grains. The DRX grain nucleation is related to the
generation, accumulation and interaction of dislocations™.
And the growth of DRX grains is mainly caused by the
motion of grain boundary. The driving force for dislocation
evolution and grain boundary migration increases with
increasing the temperature, thereby promoting the DRX
process. In addition, it can be seen that the fraction of £3 twin
boundary increases with increasing the temperature, as shown
in Fig.6. The formation of X3 twin boundary can increase the
mobility of grain boundary and accelerate the bulging and
separation of serrated initial grains”’**. Thus, the nucleation
of DRX can also be activated by the formation of X3 twin
boundary.

Meanwhile, the precipitation and dissolution of y" particles
also have an important effect on the DRX behavior during hot



Wang Xingmao et al. / Rare Metal Materials and Engineering, 2023, 52(2):517-526 521

035 035

0.20
d e £
0.30 030 0.16M
0251 025 '
g 0.121
£ 0.20} 0.20H .
=]
EO'IS H 0.154 0.08H
0.10H B 0.10f _ F3116°
7-22.90° 6-23.02° 0.04+ l
0.05 I l | 0.05 1
0.00

0.00 0.00
0 10 20 30 40 50 60 0 10 20 30 40 50 60 O 10 20 30 40 50 60

Misorientation Angle/(°) Misorientation Angle/(°) Misorientation Angle/(°)

Fig.6  Orientation imaging maps (a—c) and misorientation distributions (d—f) of the studied superalloy at different temperatures with strain of 0.7:

(a, d) 1060 °C, (b, €) 1100 °C, (c, f) 1120 °C

deformation. Fig. 7 shows the morphology and size of y’
particles in the deformed regions and the DRX regions of the
studied superalloy at different temperatures. At 1060 °C, the
coarse ' particles preferentially transverse to the compression
axis in the deformed regions (Fig.7a), which is classified as
type N (normal) coarsening™. The size of large y' particles
ranges from 55 nm to 90 nm and the average size is about
66.1 nm (Fig.7e). This is because the dislocations act as high-
diffusivity paths to promote the diffusion of the y’ -forming
elements, which in turn causes type N coarsening of y’
particles™. And the y’ particles facilitate the nucleation of
DRX and the formation of new DRX grains as well*". Most

of y' particles seem to dissolve in DRX regions (Fig.7b) and
the size becomes uniform with an average size of 32.2 nm
(Fig. 7f). Coherent y' particles in the matrix will lose their
coherency after encountering the moving grain boundaries
during DRX process'”. With increasing the temperature, the
size and distribution of y’ particles in DRX region do not
significantly change (Fig. 7c and 7d, 7g and 7h), indicating
that the y' particles are stable when completing recrystalli-
zation. The stable y’ particles can efficiently inhibit the grain
boundary migration and DRX grain growth, which is
beneficial to the formation of the fine equiaxed grains at
higher temperatures (Fig.6b and 6c).
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Fig.7 Morphology and size of y’ particles of the studied superalloy at strain of 0.7: (a, €) 1060 °C, DRX region; (b, f) 1060 °C, deformed region;
(c, g) 1100 °C, deformed region; (d, h) 1120 °C, deformed region



522 Wang Xingmao et al. / Rare Metal Materials and Engineering, 2023, 52(2):517-526

2.3.2 Effect of deformation temperature on nucleation
mechanisms of DRX

Fig. 8 shows the grain boundary maps of the specimens at
different temperatures. The X3 boundaries (<111> 60°) are
represented by red lines. The low angle grain boundaries
(LAGBs) with misorientations <10° are represented by gray
lines, the high angle grain boundaries (HAGBs) with 0>15°
are black lines. The grain boundaries with misorientations
between 10° and 15° are defined as middle angle grain
boundaries (MAGBs), which are represented by green lines.
At 1060 °C, HAGBs are extensively formed at the serrated
and bulged grain boundaries which are the typical characteris-
tics of DDRX. Moreover, some LAGBs can also be observed
along the elongated initial grain boundaries, which suggest the
occurrence of CDRX (Fig. 8a). This indicates that the
mechanisms of DDRX and CDRX simultaneously exist at the
low temperature. At 1100 °C, the number of sub-structured
grains with LAGBs decreases, indicating that the effect of
CDRX becomes weaker (Fig.8b). In other words, the DDRX
nucleation mechanism is promoted at the temperature of
1100 °C. As the deformation temperature reaches 1120 °C,
most of the grain boundaries are HAGBs and only few
grains with sub-structure can be observed (Fig.8c), indicating
that DDRX 1is the dominant mechanism at the high
temperature.

The CDRX is realized by progressive rotation of sub-grains
which can be evaluated by the development of misorientation
angle (orientation gradient) along the sub-structured grain
boundaries and within the sub-grains®. And 10°—15° angles
indicate the occurrence of CDRX in sub-grains. To understand
the effect of deformation temperature on the misorientation
angles, the point to point (local) misorientation and point to
origin (cumulative) misorientation are presented along the
lines marked in Fig.8. The local misorientation cannot exceed
3° both along the sub-grain boundaries and within the grains,
while the cumulative misorientation can exceed 10° (Fig.9a
and 9b), indicating that CDRX has been well developed at
1060 °C. Moreover, the orientation gradient along the initial
grain boundaries is greater than that of the grains interior,
indicating that the nuclei easily transform to the HAGBs™.

The cumulative misorientations along the line Bl and
B2 decrease with the increase in temperature, (Fig. 9c and
9d). This effect
sub-grain rotation and the accelerated sub-grains transformed
from LAGBs to HAGBs. As the temperature increases to
1120 ° C, the level of cumulative misorientation further

indicates weakened of progressive

decreases and cannot exceed 8° (Fig.9e and 91), indicating that
CDRX effect is significantly weakened at the higher
temperature.

2.4 Effect of strain on DRX

2.4.1 Microstructure evolution

Fig.10 shows the orientation imaging maps and the plots of
misorientation distribution of the studied superalloy. The
microstructure is significantly influenced by strain. At the
strain of 0.35, the structure is composed of a large number of
sub-structured grains and only a small amount of DRX grains
(Fig. 10a). However, the initial grain boundary becomes
serrated, which facilitates the nucleation of DRX grains
through grain boundary bulging. As the strain increases to 0.7,
the initial grains gradually disappear and DRX grains form at
the bulged grain boundary (Fig.10b). Generally, it is accepted
that grain boundary bulging is related to strain-induced grain
migration, which is driven by different orientations of
adjacent grains”’. Moreover, the stored energy increases with
increasing the strain, resulting in the increased driving force
for grain boundary migration", and thereby the degree of
DRX can be accelerated by straining. As the strain reaches to
1.2, the complete dynamic recrystallization occurs, i.e., the
equiaxed grains with an average size of about 6 pum are
prevalent. Meanwhile, a certain number of £3 twin boundaries
are also found in the newly recrystallized grains (Fig.10c). In
addition, the average misorientation angles at the strains of
0.35, 0.7 and 1.2 can be determined as 11.12°, 21.77° and
30.23°, respectively (Fig. 10d—10f). The increasing average
misorientation angle is affected by the growth of DRX nuclei,
which are related to the annihilation of dislocations"”. This
reveals the reason why the LAGBs induced by dislocation
multiplication transform to the HAGBs associated with the
increasing average misorientaion angles.

Fig. 11 shows the morphology and size distributions of y'

Fig.8 Grain boundary maps of the studied superalloy at the strain rate of 0.1 s and strain of 0.7 at different temperatures: (a) 1060 °C,

(b) 1100 °C, and (c) 1120 °C
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Fig.10 Orientation imaging maps (a—c) and misorientation distribution plots (d—f) of the studied superalloy at the strain rate of 0.1 s* and
deformation temperatures of 1080 °C with different strains: (a, d) 0.35, (b, ) 0.7, and (c, f) 1.2

particles in DRX regions of the studied superalloy at different
strains. A large number of spherical y’ particles are uniformly
distributed at the matrix and grain boundaries (Fig. 11a).
Meanwhile, the size of y’ particles with an average diameter of
27.4 nm mainly ranges from 18 nm to 37 nm (Fig.11d). With
increasing the strain, the size of y' particles gradually increases
to 37.6 nm (Fig. 11e), especially the y’ coarsening at the grain
boundaries is more obvious (Fig. 11b). And thus, the y’
particles exert enhanced pinning effect on the DRX grains,

which limits the grain growth™. At the latter stage, the y’
particles inside of the grains are not significantly coarsened
(Fig.11f), but the number of y' particles at the grain boundaries
further increases (Fig. 12c), suggesting that the hindering
effect of ' on DRX grain boundary migration becomes
stronger. This is an important factor for the formation of
uniform fine grains when deformed at 1080 °C (Fig.10c).

2.4.2 Effect of strain on nucleation mechanisms of DRX

In order to reveal the effect of strain on the nucleation



524 Wang Xingmao et al. / Rare Metal Materials and Engineering, 2023, 52(2):517-526

: j()()_nm"
40 40 40
> d d-37.6 nm & = f
d=27.4 nm 2 35} d=35.9 nm
_30f 30} 30}
N
= 25
2
8 20+ 20F 20+
g 15
10} 10} 10}
5
0 0
0 10 20 30 40 50 60 0 10 20 30 40 50 60 0 10 20 30 40 50 60

Diameter/nm

Fig.11
different strains: (a, d) 0.35; (b, €) 0.7; (c, f) 1.2

mechanism of DRX, the grain boundary maps of the studied
superalloy under different strains are shown in Fig.12. At the
carlier deformation stage, some HAGBs occuring at the
bulged grain boundary induced by boundary migration can be
observed, which is the feature of DDRX. Moreover, sub-
grains with LAGBs also form near the initial grain boundaries
(Fig. 12a), indicating the occurrence of CDRX. Thus, DDRX
and CDRX also occur simultaneously at the earlier stage of
deformation. With increasing the strain, a growing number of
LAGBs are transformed into HAGBs along the initial grain
boundaries, indicating that the effect of DDRX becomes more
obvious (Fig. 12b). When the strain increases to 1.2, the
number of HAGBs increases significantly and that of LAGBs
decreases (Fig.12c). This indicates that the effect of CDRX is
weakened at the latter stage of deformation.

Fig. 13 shows the local misorientations and cumulative

Diameter/nm

Diameter/nm

Morphologies (a—c) and size distributions (d—1f) of y’ particles of the studied superalloy deformed at 1080 °C in DRX region with

misorientations along the lines marked in Fig. 12. It is
obvious that either near the initial grain boundaries or within
the grains, the cumulative misorientations cannot exceed
8° (Fig.13a and 13b), indicating that the effect of progressive
sub-grain rotation is not obviously manifested at the earlier
deformation stage. As the strain reaches 0.7, the cumulative
misorientations along the initial boundaries can exceed
10° (Fig. 13¢ and 13d), implying that the progressive
sub-grain rotation becomes stronger with increasing the
strain. When the strain increases to 1.2, the cumulative
misorientations significantly decrease and can hardly exceed
1° (Fig.13e and 13f), suggesting that the effect of the CDRX
is weakened. Therefore, the effect of progressive sub-grain

rotation can only be considered as an assistant nucleation
mechanism of DRX for the superalloy at the latter stage of
deformation.

Fig.12

Grain boundary maps of the studied superalloy at deformation temperature of 1080 °C with different strains: (a) 0.35, (b) 0.7, and (c) 1.2
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Fig.13 Misorientations measured along the lines marked in Fig.12: (a) D1, (b) D2, (c) El, (d) E2, (e) F1, and (f) F2

3 Conclusions

1) The critical stress and strain for the initiation of DRX
can be determined from the work hardening rate curves. And
the fully DRX can be achieved at the high strain zone.

2) The DRX behavior is significantly influenced by the
temperature and strain. The volume fraction of DRX grains
increases with increasing the temperature and strain, which is
related to the transition from LAGBs to HAGBs.

3) The mechanism of DDRX and CDRX coexists at the low
deformation temperature and strain. The effect of CDRX
characterized by progressive sub-grain rotation becomes
weaker with increasing the temperature, and DDRX is the
dominant nucleation mechanism of DRX at higher
temperatures. With increasing the strain, the effect of DDRX
becomes stronger, and CDRX can only be considered as an
assistant nucleation mechanism of DRX at the latter stage of
deformation of the studied superalloy.

4) At the low temperatures, coarse y' particles preferen-
tially transverse to the compression axis in deformed regions
and most of the y’ particles dissolve in DRX regions. The size
of y' particles increases with the increase in strain, especially
the y' coarsening at the grain boundaries which is more
obvious. The y’ particles are beneficial to the formation of
uniform and fine equiaxed grains.

5) With increasing the deformation temperature and strain,
the fraction of X3 boundaries increases. The nucleation of
DRX can be activated by the formation of X3 boundaries,
which can increase the grain boundary mobility and accelerate
the bulging and separation of serrated initial grains.
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(1 ZMETRZE AiitdaasBEadn TS5ERHERE SSRGS, Hilk =0 730050)
2. WMERIFFC B P SiRA S FA L E A=, Jbat 100081)

 E: RHASEAERSCIGUT T — i B SR A STEA RS AN CETERE 1040~1120 C. RS 0.35~1.2, RASHEEK
0.1 s MZNBHLERITH. BIe RRE (OM). HfiHF 258 (SEM) FIHFH HUH AT (EBSD) W 7t 48 JW i L Al W AR &
X E G RARTELRR P HIUH B EE LR (DRX) TEAZNHIRm . 2550300, AR In LA £ 2% 1 28 e 05 A i 2 DRX H LI e 5t
TR FERAR o A5 42 1F DRX iz A AR 2 450 8 70 T T 1 R B AR s R 3G i 3G n . 78 = BN AR S R, NS A FE 4SS (DDRX)
ML T4 (CDRX) JEAZNLHIFIRT KA. BEAE R RIR BRI, CDRXJEAZALEIIRETS, 1l CORX HLHILE =il 26 11 T i E 5.
B B AR R AR, A4 DDRX HLEIRET AR50, MM, CORXAVE NG IIEILH R IEIER . BAN, T3 28 AR Roa B+
DRX iR I -

XA AR S AVERTRRHE: AhAETELERAT N AL

EE S EXE, B, 199494, M4, ZMETRPEEINER OERAEN TS A EZEgLRE, i 2N
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