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Effect of Cold Werk on Creep Properties of Hastelloy XR
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Creep tests of Hastelloy XR, in 10%, 20% cold worked or sclution treated
condition, were made at 80C tc 1000°C for times up to abcut 2000 ks in crder to
investigate the effect of cold work on creep properties. The results obtained
are as follows:

(1) Below 950°C, creep rupture strength of 10% cold worked Hastelloy XR is
beyond the value of solution treated one within this experimental condition.

950°C and cold work of 10% are the highest values experienced in an
intermediate heat exchanger of the High Temperature Engineering Test
Reactor (HTTR) under ncrmal condition, respectively.

(2) At 800 and 850°C, creep rupture time of 209 cold worked Hastelloy XK is
longer than that of solution treated one. However, the effect disappears
above 900°C’. At 950 and 1000°C, it becomes shorter than that of soluticn
treated Hastelloy XR.

(3) Rupture elongation and reduction of area of cold worked Hastelloy XR are
smaller than those of solution treated one. While these values of 10% or
20% cold worked material are lowest at 900°C, they recover considerably at
1000°C.

(4) Minimum creep rate, &, , of 104 or 20% cold worked Hastelloy XR is
decreased by as much as a factor of 20 to 50 at 800 to 900°C . On the other
hand, €&, of 10% or 20% cold worked material is increased at 1000°C.

{(5) From the results of microstructure observation of ruptured specimens,
decrease in creep rupture strength of cold worked Hastelloy XR is inter-
preted in terms of extensive recrystallization which occurs during creep at

1000°C.
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Table 1 Chemical composition of Hastelloy XR (mass %)
C Mn Si P S Cr Co Mo W e Ni B Al Ti
0.08 0.88 0.31 <0.005 | 0.002 | 21.58 |- 0.08 9.06 0.48 18.31 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 Ruptura Reduction {/s)
C) (MPa) rupture elongation of area
(ks} (%) (%) - :
Em Em
800 107.9 303.84 80.3 65.2 _ 6.40E-7
850 65.7 680.39 64.2 56.2 _ 2.50E-7
900 44.1 1042.20 41.3 36.3 2.19E-8 2.2BE-7
950 30.4 814.46 38.3 35.0 2.93E-8 2.65E-7
1000 20.6 937.47. 51.3 36.5 1.51E-8 - 2.75E-7




JAERI—Research 94—004

Table 3 Creep properties of 10% cold worked Hastelloy XR

Minimum creep rate

Termperature Stress Time to Rupture Reduction {/s)
6) (MPa} rupture elongation of area
{ks) (%) (%) . -
Em’ Em

800 107.9 534.56 33.7 31.8 _ 2.99E-8
850 65.7 1679.04 16.0 10.7 _ 9.93E-9
900 44 .1 1785.96 7.2 3.8 - 4.82E-9
950 30.4 856.62 7.5 5.5 _ 9.93E-%
1000 20.6 557.35 21.3 17.8 1.87E-8 2.92E-7

Table 4 Creep

properties of 20% cold worked Hastelloy XR

Minimum creep rate

Temperature Stress Time to lRuptutr'e Refduction {/s)
) (MPa) rupture elongation of area
(ks) (%) (%) . .
gem’ Em

800 107.9 935.39 15.7 13.7 _ 1.14E-8
850 65.7 2387.92 7.2 4.0 _ 4 55E-9
900 441 917.46 7.8 4.9 _ 1.21E-8
950 30.4 348.55 277 18.4 1.54E-8 4.26E-7
1000 20.6 242.28 29.2 23.7 6.75E-8 5.83E-7
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Fig.1 Geometry of specimen for creep tests.
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1 L 1 i L]

0 1000 2000 3000
Time to rupture  (ks)

Fig.2 Effect of- cold work on time to ruptrure of Hastelloy XR
at 800, 850, 900, 950 and 1000°C.
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800°C,107.9MPa

A

850°C,65.7MPa

g [0 Solution treated
10% cold worked
20% cold worked

900°C,44.1MPa

950°C,30.4MPa

B >
i 4

1000°C,20.6MPa

.
0 20 40 P - s
Rupture elongation (%)

1 L 1 i 1 2 ]

Fig.3 Effect of cold work on rupture elongation of Hastelloy XR
at 800, 850, 900, 950 and 1000°C.
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P
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" 1 L L L J
0 20 40 60 80
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Fig.i Effect of cold work on reduction of area of Hastellcy XR
at 800, 850, 900, 950 and 1000°C.
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Fig.5 Effect of cold work on creep curves for Hastelloy XR at 800°C

and 107.9MPa.
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60 B o N
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& | : -
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= 40} ; -
= £
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Fig.6 Effect of cold work on creep curves for Hastelloy XR at 850°C

and 65.7MPa.
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50 ! 1 ! | * ] !
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Fig.7 Effect of cold work on creep curves for Hastelloy XR at 900°C

and 44.1MPa.
5 0 T ] ' T T 1 ' T ‘
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40 950 C’ 30.4MPa Solution treated

20%cold worked

Strain (%)
B W
S 3
1

O . RN oy oy AT T s SO L 1 .
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Fig.8 Effect of cold werk on creep cruves for Hastelloy XR at 950°C
and 30.UMPa.
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~
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Fig.9 Effect of cold work on creep cruves for Hastelley XR at
1000°C and 20.6Mpa.
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Fig.10 Effect of cold work on creep rate/time curves for Hastelloy
¥R at 800°C and 107.9MPa.
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Fig.11 Effect of cold werk on creep rate/time curves for Hastelloy
¥R at 1000°C and 20.6MPa.
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Minimum creep rate (/s

Fig.12 Effect of cold work on minimum creep rate, &, of Hastelloy
¥R at 800, 85C, 900, 950 and 100C°C.
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Fig.13 Effect of 10% cold work on time to rupture, Tr, rupture
elongation, E1, and minimum creep rate, & ,, of Hastelloy
XR at 800, 850, 900, 950 and 1000°C. Tr(1C} , E1{10) and
€ .(10) are results of 10% cold worked Hastelloy XR. Tr,
E1 and &, are results of solution treated Hastelloy XR.

10 F T ' T T T
- Hastelloy XR
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Fig.14 Effect of 209% ccld work on time to rupture, Tr, rupture
elongation, E1, and minimum creep rate, £, of Hastelloy
XR at 800, 850, 900, 950 and 1000°C. Tr(20), E1{20) and
€ ,(20) are results of 20% cold worked Hastelloy XR.
Tr, E1 and &, are results of solution treated Hastelloy
XR.



:
|
|
|
|

Photo.

2

JABRI—TResearch 94—004

A\

P
T

Optical micrograph of 10% cold Photo. 3
worked Hastelloy XR. An arrow
shows a tensile direction of cold

work.
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Optical micrograph of 209 cold
worked Hastelloy XR. An arrow
shows a tensile direction of cold

wWork.
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166 ¢ &

100 s

Microstructures of rupture specimen of 209 cold

Photo. 11

Photo.10 Microstructures of rupture specimen of 10% cold

worked Hastelloy XR which fractured at 800°C and

worked Hastelloy XR which fractured at 800°C and

107.9MPa in 534.56 ks.

107.9MPa in 93%5.39 ks.
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