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Abstract: Thermal deformation characteristics of Fe-Cr-Ni-based alloys for nuclear power plants were investigated using a Gleeble-
3500 thermal simulation tester. The microstructure evolution law of alloy heat deformation was investigated using the electron
backscatter diffraction (EBSD) technique. Results demonstrate that the flow stress curves show typical dynamic recrystallization
(DRX) characteristics. According to EBSD analysis, the nucleation and growth of DRX grains are mainly at grain boundaries. The
complete DRX occurs at 1100 °C/0.01 s™' condition, and the grains are refined. The main DRX nucleation mechanism of the alloy is
the grain boundary bowing nucleation. Therefore, the softening mechanism of Fe-Cr-Ni-based alloys for nuclear power plants is the
combination of dynamic recovery and DRX. The Arrhenius constitutive model with strain compensation is developed. The correlation
coefficient between the predicted and experimental values is 0.9947. The reliable mathematical model of critical stress (strain) and Z
parameter is obtained. The critical stress (strain) of DRX increases as the temperature decreases or the strain rate increases. The DRX
kinetic model is established by the Avrami model, and a typical S-type curve is obtained. As the strain rate decreases and the
temperature increases, the volume fraction of DRX increases.
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1 Introduction requirements are put forward for microstructural stability™”.

Thus, Fe-Cr-Ni-based alloys in advanced nuclear applica-
With the development of the muclear power industry, tions cannot have phase transformation during heat treat-
ment, and the grain sizes of Fe-Cr-Ni-based alloys cannot be
refined by heat treatment but only through hot working"*"".

Therefore, it is necessary to regulate microstructure and

nuclear power plants are increasingly seeking breakthroughs
in safety, thermal efficiency, and fuel efficiency. Therefore,
stainless steel materials for nuclear power have become a
hot topic of research”*. Compare with 304 or 316L stainless to improve comprehensive performance of Fe-Cr-Ni-based

steel, Fe-Cr-Ni-based alloy has better corrosion resistance in alloys in advanced nuclear applications by hot working

advanced nuclear applications due to the presence of a small techniques.

amount of Cu and Si in the alloy””. Because of its good As is well known, metal materials undergo work hardening
intergranular corrosion resistance, Fe-Cr-Ni-based alloys and dynamic softening behavior during hot deformation.
have gradually become an important reactor coolant Dynamic recrystallization (DRX) is the most effective
pipeline material in advanced nuclear applications. Based softening behavior*"¥, The comprehensive performance and
on the design standards of nuclear power plants, strict microstructure  characteristics of metal materials are
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influenced by the occurrence of DRX"* %, Therefore, research
on hot deformation characteristics of Fe-Cr-Ni-based alloys to
determine the appropriate hot working parameters is very
necessary for engineering application.

In recent years, many scholars have paid more attention to
studying hot deformation characteristics of stainless steel.
Chiu et al"” researched hot deformation characteristics of 316
stainless steel at the deformation condition of 800—1100 °C/
0.001-1 s™'. The constitutive equation and hot processing map
were constructed. It was found that the dislocation creep was
the hot deformation mechanism of stainless steel. Jin et al™”
investigated static recrystallization phenomenon of 316LN
ASS. By analyzing the relationship between microstructure
and softening mechanism, Li et al™ found that protrusion
nucleation at the grain boundary is the primary nucleation
mechanism of 300M steel. Li et al® found that the as-rolled
254SMo superaustenitic stainless steel was susceptible to
DRX at high temperatures and low strain rates. Zhang et al”"
researched DRX behavior of 904 superaustenitic stainless
steel. Zhao et al®™ plotted the hot processing map of 40CrNi
by hot compression tests to determine the optimal deformation
parameters. Chegini et al™ determined the optimal thermal
deformation conditions of AISI 414 stainless steel by
constructing a 3D hot processing map. Therefore, detailed
studies of hot deformation behavior and DRX mechanisms of

Fe-Cr-Ni-based alloys in advanced nuclear applications are
imperatively needed.

In this research, the hot deformation characteristics of Fe-
Cr-Ni-based alloys in advanced nuclear applications were
studied by hot compression tests. Electron backscatter
diffraction (EBSD) was used to study microstructural
characteristics. According to the experiment results, the strain-
compensated Arrhenius constitutive model was constructed.
The influence of deformation conditions on the volume
fraction of DRX was researched by establishing DRX kinetic
model. This research was expected to provide theoretical basis
for the actual production of nuclear power plants.

2 Experiment

Table 1 shows the chemical composition of Fe-Cr-Ni-based
alloys. Fig. 1 reveals the metallographic microstructure and
X-ray diffraction (XRD) patterns of the studied Fe-Cr-Ni-
based alloy before hot compression test. As shown in Fig. 1,
the equiaxed grains and annealing twins can be observed. The
grain size of equiaxed grains was about 100 pm. The Gleeble-
3500 thermal simulator was used to perform hot compression
tests. The compressed sample ends were entrapped with the
lubricant during the hot compression test.

Fig.2 shows the thorough procedure for hot compression
test. After hot compression test, samples should be water

Table 1 Chemical composition of Fe-Cr-Ni-based alloy (wt%)

C N Cr Ni

Mo Mn Si Cu Fe

<0.015 <0.14 15.0-18.0 10.0-14.0

2.5-3.0 1.5-2.0 <0.32 <0.06 Bal.

Intensity/a.u.
(200)

= (220)

| | PDF#65-9094

30 40 50 60 70 80
20/(°)

Fig.1 Microstructure (a) and XRD pattern (b) of Fe-Cr-Ni-based

alloy before hot compression test

quenched immediately. Fig.3 shows a schematic diagram of
microstructure characterization. The wire cutting machine was
used to cut the samples for microstructure characterization,
and then EBSD was used to analyze microstructure evolution
during hot deformation. The metallographic corrosion reagent
was aqua regia (HCI:HNO,=3:1). EBSD samples were observed
by TESCAN MIRA3 SEM after electropolishing. The data
of EBSD analysis was studied and processed by HKL
Channel 5 software to obtain the information of grain

structure and size.
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Fig.2 Experiment procedure of hot compression test
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Fig.3 Schematic diagram of microstructure characterization

3 Results and Discussion

3.1 True stress-true strain curves

The true stress-true strain curves of the studied Fe-Cr-Ni-
based alloy are shown in Fig.4. The flow stress increases as
the strain rate increases or the temperature decreases™* .
There are three stages in the flow stress change trend””. The
first stage: with the increase in strain, the flow stress rapidly
increases until it reaches a maximum value in the early stage.
At this stage, the internal dislocation of the studied alloy
rapidly increases with strain,
deformation resistance and resulting in work hardening. At a
constant temperature, the work hardening phenomenon
becomes more obvious as the strain rate increases. The second
stage: as the strain increases, the internal distortion energy of
the studied alloy increases continuously. When it reaches a

leading to an increase in

certain degree, dynamic recovery (DRV) or DRX occurs, and
the flow stress gradually decreases as the strain increases,
leading to flow softening. The third stage: as deformation
degree continues to increase, dynamic softening and work
hardening reach a dynamic equilibrium, resulting in a stable

flow stress™ *,

The peak stress for the studied alloy is shown in Fig.5. For
various deformation parameters, the variation trend of the
peak regularity. At
temperature, the peak stress increases as strain rate increases.

stress shows a certain constant
At low strain rate, the recrystallized grains have enough time
for nucleation and growth, resulting in a more fully formed
DRX™,

temperature increases, the atoms are more likely to migrate

When the strain rate remains unchanged, as the

and diffuse, thereby reducing the cross-slip resistance and
deformation resistance of the dislocation, which ultimately
leads to a decrease in the peak stress””. Therefore, the
softening behavior occurs more easily at lower strain rates and
higher temperatures.

3.2 Microstructure evolution

Fig.6 and Fig.7 show EBSD inverse pole figures (IPFs) and
grain  size different
parameters, respectively. Fig. 6a illustrates that the original
grain becomes flat along the compression direction with few
fine DRX grains appearing in deformed grains. Meanwhile,
some twin structures can also be observed. The original grain
boundary undulates into the interior of adjacent grains in
Fig.6b—6¢ and 6e. When the deformation condition is 1050 °C/

s™' (Fig.6c¢), the originally straight grain boundaries between

distributions  under deformation

adjacent grains bow out to form a serrated shape (as shown in
the white circles). These positions (as shown in the white
circles) can be considered as the nucleation sites of DRX
grains. As is well known, the formation of DRX is followed
by nucleation and growth of new grains. The primary cause of
DRX nucleation is the difference in dislocation density. The
difference in dislocation density causes a difference in local
stored energy. The phenomenon of grain boundary bowing
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Fig.4 True stress-true strain curves of Fe-Cr-Ni-based alloys at different temperatures: (a) 950 °C; (b) 1000 °C; (c) 1050 °C; (d) 1100 °C
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Fig.5 Peak stress of Fe-Cr-Ni-based alloys under different defor-

mation conditions

occurs when an area with low dislocation density grows into
adjacent grains with high dislocation density. This mechanism
is denoted as grain boundary bowing nucleation. Fig. 6f
illustrates that the grain entirely consists of DRX grains with
uniform grain size and straight grain boundaries.

Fig. 6a—6b and 6d — 6¢ indicate that grain refinement is
obvious as strain rate decreases due to the occurrence of DRX.
When the strain rate is low, it is easy to form substructures
and release deformation energy rapidly through nucleation
and growth of DRX. The substructure cannot fully develop as
the strain rate increases, and DRX is difficult to nucleate. The
grain size becomes finer as the temperature increases, whereas
the strain rate remains unchanged. At higher temperatures,
atomic thermal vibration becomes more obvious and the
diffusion rate increases, allowing dislocations to slip, climb,
and cross-slide more easily than at lower temperatures.
Meanwhile, higher temperature promotes nucleation of DRX,

and the grain boundary migration ability also increases. Thus,
at lower temperature and higher strain rate, DRX is less likely
to occur. The grain size distributions were obtained by
analyzing EBSD images in Fig.6, as shown in Fig.7. Under
the deformation condition of 1100 °C/0.01 s™', the grain size is
uniform with an average size of around 17 pm, and the grain
isometric is good (Fig.7). At the deformation temperature of
1050 °C and a high strain rate of 1 s™', the grains with size
smaller than 15 pm account for 50%. However, when the
strain rate changes to 0.1 s™', the grains with size smaller than
15 pm account for 45.5%. The grains with size of 15-25 um
account for 33.13% at low strain rate (0.1 s') and only
13.77% at high strain rate (1 s™'). When the strain rate is 0.01
s™', the grains with size less than 15 um account for 45.35% at
high deformation temperature (1100 °C), whereas the grains
with size less than 15 pm account for 42.94% and 34.11% at
1000 °C and 950 °C, respectively. Hence, DRX under high
deformation temperature and low strain rate is the main
mechanism to refine grains of Fe-Cr-Ni-based alloy during hot
deformation.
3.3 Model establishment
3.3.1 Arrhenius constitutive model

The Arrhenius constitutive relation suggested by McTegart
and Sallars is used in this research to describe the constitutive
relation of the studied Fe-Cr-Ni-based alloy® ™. The
expressions of Arrhenius constitutive relation under different
conditions are shown in Eq.(1-3), as follows:

&= A[sinh(ao)]”exp(%) (1)
e=A4A,0"(aoc>1.2) 2)
&= A,exp(fo) (oo <0.8) 3)

Fig.6 EBSD IPFs of Fe-Cr-Ni-based alloys under different deformation parameters: (a) 1000 °C/0.1 s™'; (b) 1050 °C/1 s™'; (c) 950 °C/0.01 s™";

(d) 1000 °C/0.01 s™'; (e) 1050 °C/0.1 s™'; () 1100 °C/0.01 5™
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Fig.7 Grain size distributions of Fe-Cr-Ni-based alloys under differ-

ent deformation parameters

where Q is activation energy for hot deformation (kJ-mol™); T
is temperature; R is gas constant of 8.314 J-mol™-K™'; & is
strain rate; o is stress; 4, 4,, 4,, &, f, n, and n, are material
constants™,

Take natural logarithm of Eq.(1-3) and Eq.(4—-6) can be

obtained, as follows:

- 0

Iné = InA4 + nin[sinh (ac) ] RT “)
Iné = In4, + n,Ino ®)
Iné =1n4d, + fo (6)

Generally, a linear relationship exists between steady-state
flow stress and peak stress. The relationship between the
flow stress and the peak stress is linearly regressed using
the peak stress as the flow stress. The values of n, and S
are solved by the slopes of the fitted lines in Fig. 8a and

8b, respectively. Thus, £=0.0652 and n,=10.8721. Therefore,
o can be obtained:
o = pin, @)
According to Eq.(7), a=0.006. Substitute the relevant para-
meters into Eq.(4). The relationship can be obtained, as shown
in Fig. 8c. Thus, n=7.8993. Apply the natural logarithm on
both sides of Eq.(1), as follows:
. _In¢ Ind , 10000
ln[smh(aa)]—7*7+ ART ®)
A linear relationship exists between In[sin(ac)] and 1/7, as
shown in Fig. 8d. Take the partial derivative of Eq. (8), as
follows:

Q=R][

dlné dln [sinh (ao) ]

d1n [sinh (ao) ] 11 a(/T) ] ©)

The average Q value of the studied Fe-Cr-Ni-based alloy is
807.89 kJ-mol™".

Generally,

Z parameter represents the influence of
temperature and strain rate on flow stress™ . Its relationship
with flow stress is shown in Eq.(10):

Z=éexp(*%)=/1[sinh(aa)]" (10)

Therefore, Eq. (11) can be obtained from the logarithmic
transformation of Eq.(10), as follows:
InZ=1InA + nln [sinh(oo) | (11)

Eq.(11) can be simplified based on the nature of hyperbolic
sinusoid™®, as follows:

o= tin|(Zy+i(Zyeay (12

Substitute Q and every parameter into Eq.(10), and draw
the fitting line of InZ-In[sinh(ao)] relationship, as shown in
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Fig.8 Regression linear curves of Fe-Cr-Ni-based alloys under different deformation conditions: (a) Iné-o, (b) Iné-Ina, (c) Iné-In[sinh(ao)], and

(d) In[sinh(ao)]-1000/T
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Fig. 9. The linear correlation shows that the Z parameter
effectively explains hot deformation characteristics of the
studied alloy. In this case, 4=2.424x10°".

The Arrhenius constitutive relation is obtained by
substituting the material-related parameters 4, n, a, and Q into
Eq.(1). Thus, Eq.(13) can be obtained, as follows:

. - 78993 807890

&=2.424 x 10°'[sinh (0.0060) ] exp(W) (13)

The constitutive equation of peak stress can be obtained by
substituting n, a, and 4 into Eq.(12), as follows:

o= ! In<( z )ﬁ
0.006 2.424 % 10%
7 2 1
H(—— = Y783 4+ T2 14
[ 2.424 x 10% ) ] } (14)
Thus, the Z parameter is expressed, as follows:
. 807890
zZ= —_— 1
aexp( RT ) (15)
85
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65 L . . .
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3.3.2 Strain-compensated Arrhenius constitutive model

In general, peak stress under different parameters can be
predicted by the constitutive model. To precisely forecast flow
stress under different deformation stages, it is necessary to
take into account the effect of strain on flow stress during the
hot deformation. Therefore, an Arrhenius constitutive model
with strain compensation was established to accurately predict
flow stress of the studied alloy””".

As is well known, the fifth-order polynomial equation,
Eq.(16), can well represent the mathematical relation between
material constant and strain®**”, as follows:

0(e)=0,+ Qe+ 0,6 + Q3'93 + Q.8 + 0s&’
InAd(e)=A,+ A,e + A& + 4,8 + At + A6’
n(e)=ny,+ne+ne’ +ne’ +nyet + nge’ (16)

a(e)=a,+ o+ o,e’ + o8 + aet + ase’

Firstly, the values of In4, n, a, and Q with different strains
(0.05 — 0.7, interval of 0.05) can be determined by the
Arrhenius constitutive model. Fig. 10 displays the fifth-order
polynomial
parameters with
coefficients of this equation.

Data comparison between experimental and predicted
values of flow stress is shown in Fig. 11. It can be noticed
from Fig. 11 that the predicted values are in high agree-
ment with the experimental values. Fig. 12 shows the
relationship between experimental and predicted values
obtained from strain-compensated Arrhenius constitutive

correlates material

Table 2

function equation that

strain variables. shows the

model with a correlation coefficient of 0.9947. The results
indicate that the strain-compensated Arrhenius constitutive
model can better predict the flow stress under different

9
@ Experimental value b
3 5th order polynomial fit
R=0.99831
7¢
<
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5t

4+
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0.0070 o Experimental value

0.0065 - Iy 959t]§ ;;der polynomial fit
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&

Fig.10 Relationships between material constants of constitutive models and true strain: (a) Q-¢; (b) n-¢; (c) Ind-¢; (d) a-¢
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Table 2 The fifth-order polynomial equation coefficient of

material constants

Degree o/x10 n InA a
5 1.0059 -423.5022 921.8 -0.1692
4 -1.4154 883.0630 -1282.9 0.3090
3 0.5778 -697.5848 0.5056 -0.2193
2 0.0306 262.3535 42.5 0.0745
1 -0.1107 -51.6536 104.9 -0.0057
0 0.0866 10.3136 77.5 0.0060

deformation stages. Thus, the flow stress at different
deformation stages can be predicted from Eq. (17) ®**%* as
follows:

nE 7 2 1

1 Ziow) |7 [0()] \n 5
= __ _ L= ) 4 ) 4 2
o (yﬂln ( A, ) [( 4 ) 1] (17)

3.4 Critical conditions for DRX

As is well known, DRX is a significant softening

mechanism, which plays an irreplaceable role in improving
material properties. During the hot deformation of metal,
material dislocation density increases to a specific value, and
DRX phenomenon starts to occur in metal material. The
corresponding deformation condition is denoted as DRX

4041 The most commonly used method for

critical condition'
determining the critical condition is the Poliak-Jonas
criterion™*, In this method, work hardening rate (6=do/de) is
determined by solving the true stress-true strain curve, and the
relation curve of 8-¢ is plotted™. The critical point is further

obtained by finding the inflection point on the 6-¢ curve.

The 6 - o curve of the studied Fe-Cr-Ni-based alloy is
presented in Fig.13. At the beginning, 6 slowly declines from
the maximum because only DRV exerts softening effect.
When DRX reaches the critical condition, the work hardening
rate decreases more rapidly due to the combined softening
effects of DRX and DRV. The critical point of DRX is
reflected by the inflection point of #-¢ curve, but sometimes
the inflection point is not obvious. To obtain the inflection
point more accurately, the partial derivative of -0 curve is
™1 Fig. 14 shows that the —90/dc- ¢ curves decrease
firstly and then increase, and the lowest points correspond to
DRX critical points of the studied Fe-Cr-Ni-based alloy™’.

Fig. 15 shows a three-dimensional histogram of DRX

solved

critical stresses. The critical stress increases as the
temperature decreases or the strain rate increases. Under the
condition of high temperature and low strain rate, high
temperature provides enough energy for diffusion of the
vacancy atoms and dislocation movement, and low strain rate
provides enough time for dislocations to move or rearrange,
resulting in more adequate nucleation and growth of DRX.
With higher strain rates, the rapid proliferation and winding of
dislocations lead to dislocation accumulation, resulting in
stress concentration, which restricts DRX formation.

Fig. 16 illustrates linear fitting relationship between critical
stress (strain) and peak stress (strain), and fitting results show
a linear relationship, as follows:

o, = 0.89830,
g, = 0.3858¢,

where o, and o, are peak stress and critical stress, respectively;

(18)

¢, and ¢, are peak strain and critical strain, respectively.
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Fig.11 Correlation between experimental and predicted values of flow stress at different temperatures: (a) 950 °C; (b) 1000 °C; (c) 1050 °C;

(d) 1100 °C
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Fig. 17 shows the linear relationship between Z parameter
and critical condition of DRX, and Eq.(19) can be obtained
through linear fitting, as follows:

o, =0.23217°%
g, = 0.001922%%

Combined with Fig.17 and Eq.(19), it can be seen that the

decrease in Z value results in a decrease in critical stress,

(19)

promoting the occurrence of DRX. Grain boundary migration
and growth have sufficient energy and time at low Z condition
(high temperature or low strain rate). In Fig.6d and 6f, with a
small Z value, grains are refined, and the degree of recrystal-
lization is higher. The migration of dislocation and grain boun-
dary is fast, and DRX is more easily to occur. Fig.6a—6b show
that the softening effect is not significant at high Z condition
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Fig.14 Relationship between —d6/do and o at different deformation
conditions: (a) constant temperature of 1100 °C; (b) constant

strain rate of 0.1 5™
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Fig.15 Critical stress under different deformation conditions

(high strain rate or low temperature). The higher strain rate
results in continuous dislocation accumulation, which is not
conducive to DRX. The stress concentration at the grain
boundary results from intensification of interaction between
dislocations and that between dislocations and grain boundary.
3.5 Modeling of DRX Kinetics

The softening effect of DRX during hot deformation is very
effective for removing defects and improving material
properties. Researchers have studied DRX behavior of metal
materials during hot deformation by constructing DRX kinetic
models™. In this research, the Avrami model was used to
construct DRX kinetic model™”.
displayed in Eq.(20), as follows:

X=1=exp[-h(* )]

P

Its model expression is

(20)
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where m and k are material constants. Obtaining DRX volume
fraction is a prerequisite for constructing an Avrami model.
Therefore, the stress-softening model was employed to obtain
DRX volume fraction™”, as follows:

21

where o, is softening stress when DRX occurs and reaches a
stable state™.

The logarithm of Eq.(20) can be obtained, as follows:
1 £~ &,
= - ) +
I *X) mlin ( . )+ Ink
where X is the DRX content (vol%).
Fig. 18 shows the linear fitting results of In[In(1-X) '] and
In[(e—¢,)/e ] at different strain rates. At the strain rate of 0.1 s,

Inln (

(22)

the fitting line indicates that m=1.4478 and £k=0.062; at the
strain rate of 0.01 s, m=1.6559 and k=0.0469. Therefore,
DRX content can be derived from Eq.(23—-24) when the strain
rate is 0.1 and 0.01 s™', respectively, as follows:
X=1-exp[-0.062( "2 7]

p

(23)

e —
&

X=1 - exp[-0.047( 512 )l

P

e
; (24)
Fig. 19 shows the relationships between DRX content and

true strain. The change trend of DRX content presents a

typical S-type curve, indicating that DRX content is decreased

with the decrease in temperature or the increase in strain rate.

The temperature rise enhances the ability of nucleation and

dislocation migration at grain boundaries, accelerating the

(=1 —
[=] W

1

—_
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Fig.18 Linear relationships between In[In(1-X) '] and In[(e—¢,)/e,] at strain rate of 0.01 s (a)and 0.1 s (b)
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formation of DRX. Due to the decrease in strain rate,
thus
increasing the DRX content. Therefore, the occurrence of
DRX can be controlled by adjusting the deformation
parameters to improve microstructure and properties.

recrystallization can form and grow sufficiently,

4 Conclusions

1) According to the true stress-true strain curves, the
studied Fe-Cr-Ni-based alloy exhibits typical dynamic
EBSD IPF indicates that hot
deformation process can generate DRX and its main

softening phenomenon.

nucleation mechanism is grain boundary bowing nucleation.

2) The strain-compensated Arrhenius constitutive model is
constructed. The correlation coefficient (R) between the
experimental and predicted values is 0.9947, suggesting that
the developed model can accurately predict flow stress. The
model equation is as follows:

= 7.8993 4
7= 0006 ™ 2224 x 107
[( Z )7.8%)93 + 1 ]%

2.424 x 10*
3) The critical values of DRX are obtained from the 6-o

curves, and the Z parameter is introduced to describe the
critical condition of DRX. The relationship between the
critical eigenvalues and the Z parameters is as follows:

o, = 0.89830,

g, = 0.3858¢,

o, = 0.23217°%%

g, = 0.00192Z2°%%

4) The DRX kinetic model is constructed using the Avrami
model, and a typical S-type curve is obtained. The kinetic
model for DRX can well predict the DRX content, as follows:

X=1-exp[-0.062(E—fey 48] s-015"

P
€p

X=1-exp [—0.047(%)‘-“59] ¢=001s"
P
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Bk FH Fe-Cr-Ni £ & & AT FAFIE
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WO B W

Je BRI, Ot AL B0

(1. =R A M lE R AR 53 &g TR G, Wik 5B 443002)
(2. =W M52 ) TR B, Widt BB 443002)
Q. JRFERERE PHEGIEER AR, 4R il 528311)
(4. VEAE TR phRl2ERE, BRVE P52 710072)

(5. PEIRE BRYA B E s =,

HF KY 410083)

 E: X Gleeble-3500 HBEIRIEH LA T 1 1% L35 ) Fe-Cr-Ni 224 & MV AHE . R i 7 B ATST (EBSD) HARWIR T &4
PR TEROR A LU . SRR AR I 28R SR ) 3h A FE 45 (DRXD 4FfiE. EBSD 70 AT R HL, DRX i 4= ZEAE i 5t
WK K. 161100 'C/0.01 s™ M N RESEADRX, @R RN, &40 FERAZNLHZ MRS EZ. ik, %855 H Fe-Cr-Ni
A SR HE BB WE T DRX 4G . B2 T A RARFMEN Arthenius A8 . FIAE 5 S0 E A D¢ R E0CH 0.9947 . 152
TURFR Sy (NAE) R ZZH AT SEHCEA . DRX MG FERL S OREAR) T 1) PR B A0 26 FA 38 RT3 K o 383 Avrami 45028
SL T DRX BN )8, 4530 7B S BU 2R . B A5 B AR A 1) FRACRNELE I T, DRX AR 4 H08 I
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