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Abstract: Long-term stress relaxation behavior was investigated on NCF 800H alloy. Complicated stress relaxation
behaviors such as rapid decrease of residual stress and increase of residual stress were observed. Relationship between stress
relaxation behavior and microstructural changes was examined. The decrease of residual stress was caused by the reduction
of creep deformation resistance due to coarsening of carbides. Minus relaxation behavior which is equivalent to the increase
of residual stress was related to shrinking of testing material due to precipitation of carbides. Therefore, it is difficult to
extrapolate the long-term stress relaxation curve from the result of short-term tests, and the long-term residual stress value

should be predicted using aged material.
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1. INTRODUCTION

Anomalies in creep curves of heat resistant steels and alloys
under long-term loading are realized[1-3]. Microstructure of
metallic materials is instable at high temperature, and changes
with exposed time[4,5]. Therefore, it is necessary to investigate
the anomalies of creep deformation behavior from the
viewpoint of microstructural changes. However, the effect of
microstructural changes on creep deformation behavior has
not yet been understood, because it is difficult to obtain the
systematic data set of long-term creep curve. Recently, it
began to be recognized from analyses of long-term NRIM
creep data that the creep deformation is strongly dependent on
the microstructural changes, especially at low stress
conditions[6,7].

The understanding of stress relaxation behavior is important
for designing structural components in high temperature

on long-term stress relaxation behavior of NCF 800H alloy
which shows the microstructural instability[12] was studied,
and the relationship between stress relaxation behavior and
microstructural changes was examined.

2. TESTING MATERIAL AND EXPERIMENTAL
PROCEDURE

2.1. Testing Material

The material tested is NCF 800H alloy bar of 25mm in
diameter. The chemical composition is listed in Table 1. The
solid solution heat treatment condition is 1150°Cx5h, and the
austenitic grain size number is 3.3. The tensile properties at
room temperature are listed in Table 2.

Table 2. Tensile properties at room temperature.

plants[8]. Long-term stress relaxation behavior would reflect 0.2 proof stress | Tensile strength | Elongation | Reduction of area
the creep deformation behavior at low stress conditions, and MPa MPa % %

it might be affected by the microstructural changes. Therefore, 240 564 48 74

it is necessary to study the long-term stress relaxation behav-

ior with microstructural changes. However, there are not any
reports on long-term stress relaxation behavior of high
temperature structural materials with microstructural
changes[9,10]. The test data obtained are not enough to
analyze the effect of microstructural changes on stress
relaxation behavior. Therefore, the long-term stress relaxation
behavior of some heat-resistant alloys should be investigated
from the viewpoint of microstructural changes[4,11].

In the present work, the effect of temperature and total strain

2.2. Stress Relaxation Test

The stress relaxation tests were conducted using automati-
cally controlled tensile-type testing machines with load
capacity of 100kN[13]. The specimen is 10mm in diameter
and 100mm in gauge length.

The stress relaxation test were carried out according to JIS
standard, and the specimens were soaked for 20h at testing

Table 1. Chemical composition of NCF 800H alloy (mass%).

C Si Mn P S Ni Cr Mo Cu Co Ti Al N
0.08 0.23 0.92 | 0.009 | 0.001 | 31.46 | 20.31 | 0.031 | 0.06 | 0.072 | 0.35 0.34 | 0.0180
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temperature prior to testing.

2.3. Stress Relaxation Testing Condition

The stress relaxation testing condition is listed in Table 3.
The stress relaxation tests were carried out under the total
strain condition of 0.05 to 0.25% at 600 to 750°C. The

longest testing period was 12000h.

Table 3. Stress relaxation testing condition.

Temperature Total strain
°C %
0.05
600
0.20
0.15
650 0.20
0.25
700 0.20
0.15
750 0.20
0.25

3. RESULTS AND DISCUSSION

3.1. Result of Stress Relaxation Tests

The stress relaxation curves for the total strain of 0.20%
are shown inFig.1. For 600°C, the residual stress rapidly
decreases at 300h, gradually increases from 1000h and then
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Fig.1. Stress relaxation curves of NCF 800H alloy.
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decreases again at 7000h. For 650°C, the residual stress rapidly
decreases at 10h, increases at 250h and then decreases again
at 2000h. The stress relaxation behavior at 700 and
750°C is also similar to that at 600 and 650°C, and the
residual stress has already decreased at 0.1h and then a small
change in residual stress i1s found. The stress relaxation
behavior of this material is complicated, and the relationship
between testing temperature and residual stress is not simple.

3.2. Effect of Total Strain on Stress Relaxation Behavior
The effect of total strain on stress relaxation behavior at
600, 650 and 750°C for total strain from 0.05 t0 0.25%
was examined. The results are shown in Figs. 2, 3 and 4. For
600°C, the value of residual stress is different between 0.05
and 0.20% in total strain conditions, but the rapid decreasing
time and the increasing time are almost the same in both
conditions.
For 650 and 750°C, little effect of total strain on residual
stress is recognized except for low total strain condition.
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Fig.2. Effect of total strain on stress relaxation behavior for

NCF 800H alloy at 600°C.
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Fig.3. Effect of total strain on stress relaxation behavior for
NCF 800H alloy at 650°C.
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Fig.4. Effect of total strain on stress relaxation behavior for
NCF 800H alloy at 750°C.

3.3. Relationship Between Stress Relaxation Behavior
and Creep Deformation Behavior

The stress relaxation behavior is closely related to the creep
deformation behavior. The creep deformation behavior of
this NCF 800H alloy was examined. Figures 5 and 6 show
the creep curves which were obtained from the creep tests at
600 and 650°C. For 600°C, the rapid acceleration of creep
deformation is seen at 300h after the short-term transient and
steady-state creep regions, and then the creep rate gradually
decreases and the creep curve represents again the steady-
state aspect. This rapid increase of creep rate occurs at a
specified time and the rapidly increasing time is independent
of the stress condition in creep tests. The time at which the
rapid increase of creep rate was started on creep curve
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Fig.5. Creep curves of NCF 800H alloy at 600°C.
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Fig.6. Creep curves of NCF 800H alloy at 650°C.
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Fig7. Comparison of rapidly decreasing time #,,, and #,,, of
residual stress in stress relaxation curves with rapidly
increasing time f of creep strain in creep curves.

was compared with the times corresponding to the rapid
decrease of residual stress on stress relaxation curve 1y, and
trey- Figure 7 shows the comparison of #., with z,,, and t,.
t.; of creep curve agrees well with 7, of stress relaxation
curve. The rapid decrease of residual stress in stress relax-
ation curve which was observed at 300h for 600°C and at 10h
for 650°C was caused by the reduction of creep deformation
resistance.

3.4. Microstructural Changes

The rapid acceleration of creep rate and the rapid decrease
of residual stress might be dependent on microstructural
changes[3]. The microstructure of the materials aged and
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tested was observed using transmission electron microscope.
The precipitates were determined by X-ray diffraction
analysis of electrolytically extracted residue. The results
of microstructural examination were plotted on a Time-
Temperature-Precipitation (TTP) diagram as shown in

Fig. 8. The precipitates of TiC and M,,C, were identified by
X-lay diffraction analysis. The result of TiC is not plotted in
Fig. 8, because TiC was regarded as insoluble inclusions. The
numerical value on each symbol means the amount of electro-
Iytically extracted residue, which reduces the amount of
electrolytically extracted residue of as-received material from
the total amount of electrolytically extracted residue of aged
materials. This material, NCF 800H alloy, is well-known as
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Fig.8. Time-Temperature-Precipitation diagram of NCF 800H
alloy.

an alloy which is strengthened by the precipitation of y'
phases. Little ¥' phase was observed in the specimens aged
and tested, because the amount of solute Ti is not enough due
to a lot of formation of Ti-nitride as inclusions[14].

The electrolytically extracted residue was collected at first
using 1um filter, and then using 0.1 pm filter. Figure 8 also
shows the type of filter which was used for the collection of
electrolytically extracted residue. For low temperatures and
short times, M,,C, was collected using 1um filter but not
collected using 0.1pm filter. On the other hand, with increase
of aging time, M,,C,, was collected using 1pum filter and 0.1um
filter. In this figure, the curves with equivalent amount of
electrolytically extracted residue are shown based on the
experimental result of M,,C, amount. Temperature-time curve
of 0.5% in M,,C, amount of extracted residue is almost
correspondent to the condition of temperature and time under
which M,,C, can be collected using the 0.1um filter. The
amount of residue is saturated at about 0.80%. Relationship
between the change in stress relaxation behavior and creep
deformation behavior and the equivalent curve of extracted
residue were examined. The result is shown in Fig. 9. The
time at which the residual stress of the stress relaxation
curves is rapidly decreased, f,,,, and the time at which the
creep rate is accelerated from the first steady stage to the
second steady stage, ¢, agree with temperature-time
condition of 0.25% in the amount of extracted residue. The
time at which the residual stress is decreased again is
corespondent to the temperature-time condition in 0.80%
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amount of extracted residue.

Figure 10 shows the change in the amount of residue which
was electrolytically extracted from the specimens aged and
tested at 600°C. The amount of residue starts to increase at
100h and is saturated at 10000h. The increase of the amount
of residue was caused by the precipitation of carbide M,,C,.
The times t,,, and t,, corresponding to the rapid decrease
of residual stress at 600°C are also represented in Fig.10.
Lo and £, correspond to the early stage and the last stage of
precipitation and coarsening of M,,C,, respectively.

In order to examine the relationship between precipitation
state and stress relaxation behavior, the stress relaxation tests
were conducted at 600°C and interrupted at 215 and 993h.
215h is earlier than the time at which the residual stress
rapidly decreases under the total strain condition of 0.20%,
and 993h is later than the time at which residual stress
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Fig.9. Comparison of #,,, and #,,, of relaxation curve and #.; of
creep curve with amount of electrolytically extracted
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Fig.10. Change in amount of electrolytically extracted residue
of materials aged and stress-relaxation-tested at
600°C, and £, and £,,, of stress relaxation curve at
600°C.
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Fig.11. TEM micrograph for NCF 800H alloy stress-
relaxation-tested at 600°C.

decreases rapidly. The sample was cut down from the
interrupted test pieces to observe using transmission electron
microscopy . Theresults are shown in Fig.11. From TTP
diagram of Fig. 8, the electrolytically extracted residue at
215h was regarded to be only M,,C, which might be collected
by 1pm filter. However, very small M,,C, was observed.
These precipitates are deposited on dislocations. On the other
hand, M,,C, at 993h was more coarse than that at 215h, and
the dislocation tangle seems to be less. From these results,
the rapid decrease of residual stress for 300h at 600°C and
for 10h at 650°C is caused by the reduction of creep deforma-
tion resistance due to coarsening of M,,C, carbides.

3.5. Minus Relaxation Behavior

The increase of residual stress was observed after the rapid
decrease of residual stress at 600, 650 and 700°C, as shown
in Fig. 1. This minus relaxation behavior was reported also on
SUS 316 steel[S]. It was caused by shrinking of the testing
material due to the drop of carbon content in matrix accompa-
nying the formation of M,Cy.

The amount of electrolytically extracted residue increases
during aging and testing as shown in Fig.10. This increase of
the residue results from the precipitation of M,,,C,. The minus
relaxation behavior is observed during the increasing period
of the residue. The minus relaxation behavior of this material
tested must be related to shrinking due to the drop of solute
carbon content. The increase of residual stress was calculated
from the change in lattice parameter due to the solution of
carbon. The increase of lattice parameter of y phase due to
the solution of carbon is estimated by 0.0033wt%C(nm)[15,16].
The amount of M,,C, which was precipitated during the
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testing period of 1000 to 7000h at 600°C is estimated to be
0.17% from Fig.10. If all of the carbide are Cr,,C,, the
reducing amount of solute carbon content due to this
precipitation is 0.0097wt%. As the lattice parameter and
Young's modulus of this material are 0.36 nm and 150GPa,
the increase of stress due to shrinking is estimated to be
13MPa. The observed increase of residual stress was
13.5MPa for 0.20% in total strain at 600°C, and the estimated
value agreed well with the experimental one. The minus
relaxation behavior was caused by shrinking of material due
to the drop of solute carbon content due to the precipitation of
Cr,,Cs.

3.6. Effect of Aging on Stress Relaxation Behavior

The residual stress was affected by the microstructural
changes during stress relaxation tests. The stress relaxation
behavior was tested on the material which had been aged
previously. Figures 12 and 13 show the comparison of stress
relaxation curve for aged material with that for as-received
material. For the aged material, no rapid decrease of residual
stress due to coarsening of M,,C, and little minus relaxation
behavior are observed. The long-term residual stress for as-
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Fig.12. Effect of aging for 260h at 650°C on stress relaxation
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Fig.13. Effect of aging for 260h at 650°C on stress relaxation
behavior at 650°C.
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received material becomes equal to that for aged material.
The decrease of residual stress at longer times, i.e., the
behavior corresponding to longer than fy,, which is
represented in Fig. 1, is considered to be the behavior under
stable condition after the transient microstructural change.

4. CONCLUSIONS

The long-term stress relaxation behavior was investigated
on NCF 800H alloy at 600 to 750°C. The results are summa-
rized as follows :

(1) The complicated behavior such as the rapid decrease
of residual stress and the minus relaxation was observed.

(2) Therapid decrease of residual stress at 600 and 650°C
was caused by the reduction of creep deformation
resistance due to coarsening of M,,C..

(3) The minus relaxation behavior was caused by shrinking
of material due to the drop of solute carbon content
because of the precipitation of Cr,,C,.

(4) The complicated stress relaxation behavior resulted
from the transient phenomena due to precipitation and
coarsening of M,,C,. Therefore, it is difficult to extrapolate
a long-term stress relaxation curve from the result of
short-term test. The long-term residual stress value should
be predicted using aged material.
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