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Creep Properties of 20% Cold Worked Hastelloy XR
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Tokai-mura, Naka-gun, Ibaraki-ken
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Creep properties of Hastelloy XR, in 20% cold worked or solution
treated condition, were studied at 800, 900 and 1000°C. The results
obtained are as follows:

(1) At 800°C, creep rupture time of 207 cold worked Hastelloy XR is
longer tharn that of solution treated one. However, the effect
' disappears above 900°C. At 1000°C, it becomes shorter than that
of solution treated Hastelloy XR.

(2) Rupture elongation and reduction of area of 20% cold worked
Hastelloy XR are smaller than those of solution treated one.
While these values of 20% cold worked Hastelloy XR are lowest at
900°C, they recover considerably at 1000°C.

(3) Nonclassical creep curves which have the region with low creep
rate at an early stage of creep were observed at high temperatures
for Hastelleoy XR, in 20% cold worked or solution treated
condition.

{4) Minimum creep rate, ém, of 207 cold worked Hastelloy XR is
decreased by as much as a factor of 20 to 50 at 800 and 900°C.
On the other hand, &a. of 20% cold worked Hastelloy XR is

increased by as much as a factor of 2 at 1000°C.
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(5) Although 20% cold work enhances creep resistance of Hastelloy XR
at 800 and 900°C, the effect becomes detrimental at 1000°C where

dynamic recrystallization occurs during creep.

Keywords: Creep, Cold Work, Solution Treatment, Hastelloy XR,
Rupture Time, Minimum Creep Rate, Rupture Elongation,
Reduction of Area, Classical Creep Curve, Nonclassical

Creep Curve, Recrystdllization
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Table 1 Chemical composition of Hastelloy XR (mass %).
C Mn si P s cr Co Mo W Fe Ni B Al Tl
008 | 089 | 031 |<0o0sf 0002 | 2156 | 008 | 9.06 | 048 | 1831 | Rem | <0.001| 0.02 | <0.01

Rem.; Remainder

Table 2 Creep properties of solution treated Hastelloy XR

Minimum creep rate

Temperature Stress Time to Rupture Reduction
P rupture | elongation | of area (/s)
{°C) (MPa) (ks) (%) (%) - -
em' £€m
117.7 187.92 92.2 69.4 _ 1.12E-6
800
107.9 303.84 80.3 65,2 _ 6.40E-7
53.9 400.32 64.3 52.1 1.08E-7 5.83E-7
900 .
44 1 1042.20 41.3 36.3 2.19E-8 2.28BE-7
21.5 292.32 55.3 411 8.61E-8 8.48E-7
1004
20.6 937.47 51.3 36.5 1.51E-8 2.THE-7




JAERI-M 64-022

Table 8 Creep properties of 20% cocld worked Hastelloy XR

; ) : Minimum creep rate
Temperature Stress Time to Rupturle Reduction () P
o rupture elongation of area
¢ (MPa) (ks) (%) (%) - .
° 0 em' em
117.7 585.00 17.0 17.6 _ 2.90E-8
800
107.9 935.39 15.7 13.7 » 1.14E-8
539 574.56 g.0 4.6 _ 1.60E-8
900
44 .1 917.46 7.8 49 _ 1.21E-8
27.5 120.33 40.0 24.5 8.94E-8 1.49E-6
1000
20.6 242.28 29.2 23.7 B6.75E-8 5.83E-7
Mi2 P=175 M2 P=1.75
o er R
o 9 S A 9
e v A
2 2, - S
o o
/)ﬁ‘———-————— FATaN Pava —ﬂ,\
1 i5 5110 30 10 15 K
L 50
90
UNIT (mm}
Detail-A
Fig.1 Gecmetry of specimen for creep fests.
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T 1 - T
- Hastelloy XR | :
{0+ 800°C, 117.7MPa - _
o
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< 60f :
=

a~]

H

72!

Time (ks)
Fig.2(a) Creep curve for sclution treated Hastelloy XR tested at 800°C
and 117. 7MPa.

100 ' 1 ’ 1 ' | '
- | Hastelloy ]
{0} 800°C, 107.9MPa .

*>
§/60-
=
~
=
'y

e i

010

500 300 700

Time (ks)

Fig.2(b) Creep curve for solution treated Hastelloy XR tested at 800°C
and 107. 9MPa.
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100 T

pr—eep——
. Hastelloy XR ]
| 900%C, 53.9MPa \ -

Q0
o)

Strain (0)
2 o
S S

!
1

[\
-
T

o L I I , [ .

0 100 200 300 400 500
Time (ks)

Fig.3(a) Creep curve for solution treated Hastelloy XR tested at 200°C
and 53. 9MPa. '

| |
- Hastelloy XR ]
40k 900°C, 44.1MPa _

057200400 600 800 1000 1200
Time (ks)

Fig.3(h) Creep curve for solution ireated Hastelloy XR tested at 900°C
and 44. 1MPa.
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60 T T
Hastelloy XR o
- 1000°C, 27.5MPa - i

300

Time (ks)
Fig.4(a) Creep curve for solution treated Hastelloy XR tested at LoeoC .
and 27.5MPa.

6(} T T T | T ! y 1
Hastelloy XR
- 1000°C, 20.6MPa 7]
o)
o)
~ - 5
£ - § A
Eg &
7! :2() = N
. 1 . I s | .
00— 200 400 600 800 1000
Time (ks)
Fig.4(b) Creep curve for solution treated Hastelloy XR tested at 1000°C

and 20. 6MPa.



JAERI-M 94-022

! |
Hastelloy XR ]
800°C, 117.7MPa |

600
Time (ks)

Fig.5(a) Creep curve for 20% cold worked Hastelloy XR tested at 800°C
and 117.7MPa.

20 —

T T ' . ; T ;

| Hastelloy XR |
800°C, 107.9MPa

15 .

—

?-\O/ : i
£ 10f o -
S S
= I ]

5’ - —

05500 400 600 800 1000

Time (ks)
Fig.5(b) Creep curve for 20% cold worked Hastelloy XR tested at B00°C
and 107. 9MPa.
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' T
Hastelloy XR | ]
900°C, 53.9MPa -

Time (ks)
Fig.6(a) Creep curve for 20% cold worked Hastelloy XR tested at 900°C
and 53. 9MPa.
:Z() ' | T T T T y ! T
Hastelloy XR
900°C, 44.1MPa
15+ .
~
E§3 I .
—
£ 10F .
<
= ! ]
v
5 = —_
0 (i g A -+ T - L ." L | 1
0 200 400 600 800 1000
Time (ks)
Fig.6(b) Creep curve for 20% cold worked Hastelloy XR fested at 900°C

and 44. IMPa.
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' T : T ' ! ' T :
- Hastelloy XR . ]
40F 1000°C, 27.5MPa - i

a3
< 30¢
:
=
=
79

oV

0™=30 60 90 120 150
Time (ks)

Fig.7(a) Creep curve for 20% cold worked Hastelloy XR tested at 1000°C
and 27. bMPa.

i |
- Hastelloy XR ]
404+ 1000°C, 20.6MPa a

Time (ks)
Fig.7(b) Creep curve for 20% cold worked Hastelloy XR tested at 1000°C
and 20. 6MPa.
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1074 ———
Hastelloy XR

~ " 800°C, 107.9MPa -
I .
L1074 -
8
= ]
5
£ 10°6 -
® 10

10_8[ ; ! ; S ] .

0 100 200 300 400

Time (ks)
Fig.8 Creep rate/time curve for solution treated Hastelloy XR tested
at 800°C and 107. 9MPa.
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<
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Creep rate (S7)
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L

-10L ) |
1070200
Time (ks)
rig.9 Creep rate/time curve for solution treated Hastelloy XR tested

at 1000°C and 20. 6MPa.



800°C, 117.7MPa

900°C, 53.9MPa

[0 As solution treated

1000°C, 27.5MPa 20% cold worked

............
0 100 200 300 400 500 600
Time to rupture (ks)

Fig.10(a) FEffect of 20% cold work on time to rupture of Hastelloy
at 800, 900 and 1000°C.

] As solution treated
20% cold worked

800°C, 107.9MPa

800°C, 44.1MPa

1000°C, 20.6MPa

llllllllllll

0 200 400 600 800 1000 1200
Time to rupture (ks)}

Pig. t0(h) Effect of 20% cold work on time to rupture of Hastelloy
at 800, 900 and 1000°C.
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800°C, 117.7MPa
900°C, 53.9MPa
1000°C, 2F.5MP P [0 As solution treated
a //////////////% 20% cold worked

1 n 1 1 1 2 i i I
0 20 40 60 80 100
Rupture elongation (%)

Fig.11(a) Effect of 20% cold work on rupture elongation of Hastelloy
XR at 800, 900 and 1000 °C.

800°C, 107.9MPa
800°C, 44.1MPa [0 As solution treated
20% cold worked

1000°C, 20.6MPa

i 1 " 1 L [l 4 1 " - |
0 20 40 60 80 100
Rupture elongation (%)

Fig.11(b) Effect of 20% cold work on rupture elongation of Hastelloy
XRE at 8C0, S00 and 1000 °C.

— 19,_.
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800°C, 117.7MPa

900°C, 53.9MPa

[0 As solution treated
20% cold worked

1000°C, 27.3MPa | | . ] . .
Reduction of area (%)

Fig.12(a) Effect of 20% cold work on reduction of area of Hastelloy
XR at 800, 800 and 1000 °C.

800°C, 107.9MPa

900°C, 44.1MPa %

1000°C, 20.6MPa

[ As solution treated
20% cold worked

0 20 40 60 80
Reduction of area (%)

Fig.12(b) Effect of 20% cold work on reduction of area of Hastelloy
XR at 800, 900 and 1000 °C.
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800°C, 117.7MPa

900°C, 53.9MPa

[0 As solution treated
20% cold worked

1000°C, 27.5MPa

eyl 1 aaal 1 PO I |
10" 8 1077 106 10°3
Minimum creep rate (/s)

Fig.13(a) Effect of 20% cold work on minimum creep rate, £ g4 of
Hastelloy XR at 800, 900 and 1000°C

1000°C, 20.6MPa ‘

10°8 10°7 10°6 10° 5
Minimum creep rate (/s)

Fig.13(b) Effect of 20% cold work on minimum creep rate, & of
Hastelloy XR at 800. 900 and 1000°C.
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10 1 j 1 T
g - Hastelloy XR
© i .
g . o
E 1
- i (]
= [
g s s |
B 01f Te(20)Tr | | @] 3
&= ; EIQ0)El |
§ g o Em(20)/¢ém |0
= | |

0.01 800 500 1000

117.7 539 275
Temperature (C)
Stress (MPa)

Effect of 20% cold work on time to rupture. Tr, rupture elongafion,
El, and minimum creep rate, & . of Hastellov ¥R at 800, 900 and 1000°C.
Tr(20). E1(20) and & .{20) are results of 20% cold worked Hastellov XR.

Tr, Bl and £ . are results of solution treated Hastelloy XR.
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. - Hastelloy XR
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W [ A
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o A A
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E I o
A i . | . ]
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107.9 441 20.6

Temperature (C)
Stress (MPa)

Effect of 20% cold work on time to rupture. Tr. rupture elongation,

El. and minimum creep rate. &... of Hastelloy XR at 800, 900 and 10007C.
Tr(20), E1(20) and & .(20) are results of 20% cold worked Hastelloy XR.
Tr, El and & . are results of solution treated Hastelloy XR.
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Time to rupture (ks)
Fig.15 Stress dependence of time to rupture for solution treated’
Hastelloy XR and 20% cold worked Hastelloy XR.
150 T ) T L II T T LI II 14 Ly L) T LI
;\;\ - - - 800°C | 900°C | 1000°C | A
t t
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g I 20%cold worked A | |
s 90} o) _
= o
= i _
2 N
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g-* 30 N -
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?01 102 10°
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Fig.16 Rupture elongation versus time to rupture for solution treated
Hastelloy XR and 20% cold worked Hastelloy XR.
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Fig.17. Reduction of area versus time to rupture for solution treated

Hastelloy XR and 20% cold worked Hastelloy XK.
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Fig.18(a) Stress dependence of minimum creep rate for solution treated
Hastelloy XR.
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Fig.18(b) Stress dependence of minimum creep rate for 20% cold worked
Hastellov XR.
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Fig.18(c) Stress dependence of minimum creep rate for solution treated
Hastelloy XR and 20% cold worked Hastelloy XK.



JAERI-M 94-022

100 ’ | T I T
- . Hastelloy XR -
301 o ~ 800°C, 117.7MPa
SIR| 3
n 3 Solution treated |
X 60 :
<
5 40f .
m o .
201 20%cold worked g
00 500 200 500

Time (ks)
Fig.19 Effect of 20% cold work on creep curves of Hastelloy XR at 800°C
and 107. 9MPa.

60 - 1 ' I ! | ' 1
Hastelloy XR
~ 1000°C, 20.6MPa 5
O
Solution treated
g 40 olution treate ]
= i
‘=
=
7 20 ]

! . | ] | ;
00 200 400 600 800 1000
Time (ks)
Fig.20 Fffect of 20% cold work on creep curves of Hastelloy XR at 1000°C
and 20. 6MPa.
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Fig.21 Effect of 20% cold work on creep rate/time curves of Hastelloy XR
at 800°C and 117.7MPa.
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Fig.22 Effect of 20% cold work on creep rate/time curves of Hastelloy XE
at 1000°C and 20. 6MPa.
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Photo.1 Optical micrograph of selution treated Hastelloy XR.

Photo.2 Optical micrograph of 20% cold worked Hastelloy XR.

An arrow shows a tensile direction of cold work.



