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ABSTRACT

This research aimed to study the creep and creep-rupture behavior of 2%
Cr-1Mo steel on as-received and as-welded specimens. The tests were
carried out on two different specimen types of the as-received specimen
and as-welded specimen. The tests were executed based on 100 hours,
300 hours, 1000 hours, and 3000 hours of rupture time under constant
load at 550°C, 600°C, and 650°C, respectively. In this paper, the creep
and creep-rupture behavior of this material is presented based on the
results obtained and followed by related discussions. The study showed
that at the same condition, the part with the weld joint has the same
rupture time as the other smooth un-welded parts.
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INTRODUCTION

Numerous machine and structural
components are subjected to loads under
the conditions that involve elevated
temperatures for long periods. One of the
most critical factors determining the integrity
of elevated temperature components is their
creep behavior. Due to thermal activation,
materials can slowly and continuously
deform even under constant load (stress)
and eventually fail. The time-dependent,
thermally assisted deformation of
components under load (stress) is known as
creep?l).

The 2¥Cr-1Mo steels are materials
commonly used for boiler application. These
steels can undergo creep deformation by a
combination of stress and elevated
temperature [2], [3], [4], [5]- Since joining in
the boiler is usually done by welding, it is

gaining the attention of many researchers to
study weldment and material for high-
temperature application [6], [7], [8], [9]. [10],
[11], [12]. This research work is therefore
aimed to study creep and creep-rupture
behavior of 2% Cr-1Mo steels on as-
received and as-welded specimens.

MATERIAL AND METHOD

Chemical Composition and Mechanical
Properties

The material investigated was a
normalized and tempered 2%Cr-1Mo steel
as-received and welded material. The
Chemical composition of the as-received
material is shown in table 1. Mechanical
properties of the as-received and as-welded
are shown in table 2.

Table 1. Chemical composition (%W).

Element C Si Mn P S Cu Ni Cr Mo Nb
Composition 4 55 553 043 005 004 219 004 219 098 001
(%W)
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Table 2. Mechanical properties.

Speci Temp 002 (o))
PECIMEN o) (N/mmM?)  (N/mm2)
As-received R.T 302.0 451.27
As-received R.T 296.0 453.75
As-welded R.T 307.7 456.25

Specimen and Testing Procedure

The testing was carried out on two
specimens groups, namely the as-received
and as-welded specimens. The as-received
specimen dimension is shown in figure 1,
accurately machined from as-received
2Y/4Cr-1Mo steel plate

The creep strain is measured by an
extensometer. Regression analysis was
done. The test was done by SATEC
System's creep machine model M3. Tests
were carried out in accordance with Table 3.

Table 3. Testing point plan for the experiment.

The as-welded specimens have the No Time Temperature Specimens
same dimension as the received specimens, (hour)
machined from welded 2¥4Cr-1Mo steel. The 1 100 o
welding was carried out using electrode JIS 2 300 5500C As-received
73223 - DT2415. The welding quality had 3 1000 600°C As-welded
been inspected by X-ray testing and 4 3000 650°C
metallographic examination before being
treated with the post-welding heat treatment.
The Welded position is shown in figure 2.
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Figure 1. Dimension of the specimen (mm).
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Figure 2 . Welded position on the specimen.

RESULTS AND DISCUSSIONS
Creep Rate and Creep Rupture Test

A represented creep curve obtained
from the testing is illustrated in figure 3. The

curve has a primary creep (or stage |) where

the creep rate (slope of the curve) ; % or €

decreases with time, then reach essentially
a steady-state (secondary creep or stage Il)
in which the creep rate changes little with
time, and finally, the creep rate increases
rapidly with time (tertiary creep or stage Ill)
until a fracture occurs. It should be noted

that the degree to which these three stages
are readily distinguishable on the applied
stress and temperature From the creep
curve (figure 3)-can be obtained a curve
between time versus creep rate. Figure 4
shows the representative creep rate curve
that has a minimum value at stage Il. Table
3 shows the general results of the testing,
included the minimum creep rate, time to
rupture, fracture elongation, and reduction of
area. The same group of time as-received
specimen and the as-welded specimen have
the same load condition.
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Figure 3. Representative creep curve, the data taken from D-3 specimen (650°C, 43.13
N/mm?) with 43.13 N/mm? of stress and 650°C of temperature.
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Figure 4. Creep rate curve obtained from creep curve (Using the same data as shown in figure 3.

Table 4. The minimum creep rate of the as-received and as-welded specimens.

No Time Minimum Creep Rate

(hour) as-received as-welded
1 100 100 X 102 %/hour 50 X 1073 %/hour
2 300 40 X 1072 %/hour 20 X 1072 %/hour
3 1000 10 X 1073 %/hour 10 X 1072 %/hour
4 3000 5 X 107 %/hour 2 X 10" %/hour

In general, the as-welded specimen
has a longer rupture time compared to the
as-received specimen. It also can be seen in
the minimum creep rate that the as-welded
specimen has a lower minimum creep rate.
The result creep rate is shown in Table 4

The Fracture elongation varies from
25 - 45 %. (Table 4) In general, the
specimen tested at a higher temperature
has a longer fracture elongation. Similarly,
it can be seen that a higher temperature
produced a smaller fractured area or a
high reduction of area.

Comparison of the as-welded and
as-received specimen, the as-welded
specimen showed that the as-welded
specimen commonly has a smaller fracture
elongation and smaller reduction area for
the same testing condition than an as-
received specimen.

3.2. Fractography and Metallography
The specimens that have been tested under

creep rupture were then analyzed by
fractography and metallography. Figure 5a

E-ISSN 2541-1233

and 5b show the result of the metallographic
examination of the as-received specimen
(figure a) and the as-welded specimen
(figure B). Figure 5a. Al, A2, A3 show the
metallography taken from the as-received
specimen based on the position from the
fracture. Al is the closest to the fracture,
while A2 and A3 are located further from the
fracture.  Figure 5b. B1, B2, B3 show the
metallography of the as-welded specimen
was taken based on the position of the
fracture, with B1 being the closest to the
fracture, while B2 and B3 are located further.

The microstructure exhibits a ferrite-
pearlite mixture. Figure (B-3) shows a
different microstructure of the dendritic weld
microstructure. It can be seen from the
figure (A) and figure (B) that both of them
shows a typical creep deformation. This is
indicated by the formation of some voids
within the microstructure. Figure 5a Al and
5b Bl show the voids (see arrow). These
voids indicated that the specimen was
actually fractured by creep [13].
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Table 5. General Test result obtained, which includes: rupture time, fracture elongation,
reduction area, and minimum creep rate.

Group Spec. Temperature Stress Rupture Minimum Reduction
Code (°C) (N/mm?) Time Creep Rate Area
(Hours) (X102 % (%)

hour)

As-received A-1 550 183.77 97.5 103. 23 91.84
100 hours A-2 600 110.26 140.4 99. 76 92.85
A-3 650 73.18 113.6 85.47 94.55
As-welded A-1W 550 183.77 105.8 58. 40 89.44
100 hours A-2W 600 110.26 205.0 30. 95 89.97
A-3W 650 73.18 206.4 36. 79 91.97
As-received B-1 550 154.00 283.3 44. 87 93.73
300 hours B-2 600 95.93 372.5 41. 56 91.00
B-3 650 66.89 256.2 17. 09 93.64
B-1W 550 154.00 336.5 23. 61 89.44
é;bwﬁé%?g B-2W 600 95.93 4215 16. 66 88 89
B-3W 650 66.89 241.5 21. 60 91.97
As-received C-1 550 139.16 975.2 18. 33 87.75
1000 hours C-2 600 80.46 1361.3 7.00 88.89
C-3 650 50.98 1360.5 6. 12 86.86
As-welded C-1w 550 139.16 491.7 15. 30 88.89
1000 hours C-2W 600 80.46 2421.7 2. 05 85.30
C-3w 650 50.98 998.0 3.20 91.97
As-received D-1 550 110.23 3934.6 4. 09 92.98
100 hours D-2 600 75.78 2137.0 6. 60 93.77
D-3 650 43.13 1810.4 5. 00 94.54

Figure 5b. Metallography of the specimen, (B) as-welded specimen.
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Figure 6. Macrograph of the fracture surface. Showing the typical dimple fracture.
(A) Specimen tested at 550° C. (B) Specimen tested at 650° C.

Figure 6 shows the fracture surfaces
of the specimen. The upper picture is the
photograph of specimen fracture, while the
lower picture shows the detail of the surface
of the fracture. It is clearly seen that the
fracture surface has a typical dimple
configuration. In figures (6a) and (6b), the
dimples are seen clearly, and these dimples
surface of the specimen tested at 650° C are
larger than the specimen tested at 550° C. A
dimple fracture refers to a type of material
failure on a metal's surface that is
characterized by the formation and collection
of microvoids along the granular boundary of
the metal [14], [15].
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By observing the fractographic and
metallographic results of each tested
specimen, it has been found that all of the
specimens have the same fracture, i.e., a
typical creep voids. The difference in void
dimension can not be determined clearly.
The only thing that can be observed is the
tendency of that voids to become larger at
higher test temperatures.

Data listed in table 5 can be
represented by figure 7 in that it shows the
creep rupture curve. In this figure, there is
no significant difference between the as-
received and as-welded specimens.
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Figure 7. Stress Rupture Curve.
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Figure 8. LMP curve of the as-received and as-welded specimen.
Data Analysis LMP =T (20 + log tr). 1073 (@)

For the purpose of regression analysis
of creep rupture data, the experimental
creep data were used to calculate the
Larson-Miller (LM) parameter by the
following equation [16]:

E-ISSN 2541-1233

Where
LMP = Larson-Miller Parameter
T = test temperature in Kelvin, and
Tr = rupture time in hours (h).
Figure 8 shows the Larson-Miller
parameter curve of the as-received and as-
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welded specimen. The regression line
between LM parameter and applied stress
(o) can be given by the following equation :

For as-received specimen
LMP = -1.2680(log c)? - 0.63132 (log o)
+25.996 (2)

and for as-welded specimen
LMP =-1.9242(log c)? + 1.7853 (log o)
+23.851 3)

The level of significance of the regression
analysis was found to be approximately
99.5% for as-received and 99.2% for the as-
welded specimen. The as-received and as-
welded specimens have almost the same
LMP. This means that at the same condition,
the part with the weld joint has the same
rupture time as the other smooth un-welded
parts.

CONCLUSION

The creep and creep-rupture
behavior of commercial-quality 2** Cr-1 Mo
steel has been characterized and analyzed
at 550°C, 600°C, and 650°C for periods
extending up to 3 000 h. The extrapolation
curve of the as-received and as-welded
specimen has been obtained. The study
concluded that the welding process is most
likely to have no dangerous effect on parts
under high-temperature working loads. The
tests show that the rupture time of parts with
welds and other smooth unwelded parts is
almost the same under the same conditions.
It is expected that this extrapolation data is
useful in designing boiler and related power
plant equipment.
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