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Creep Strength of Hastelloy XR Welded Joints
Katsumi TACHIBANA, Hiroshi NISHI, Motokuni ETO and Yasushi MUTO *
Department of Nuclear Energy System
Tokai Research Establishment
Japan Atomic Energy Research Institute

Tokai-mura, Naka-gun, Ibaraki-ken

(Received February 2 ,1999)

Creep (rupture) tests have been carried out at 950°C in the air environment

for base metal, welded joint and weld metal specimens of Hastelloy XR, which is a Ni

base heat resistant alloy and is employed as a high temperature material of the

intermediate heat exchanger and piping liners for the High Temperature Engineering

Test Reactor (HTTR) . The weld metal contained some amount of boron. The following

results were clarified:

1)

2)

3)

Stress rupture strengths of welded joints were equivalent to in the short time
duration but lower than after about 1000h those of base metal. The reason can be
attributed to boron diffusion from weld metal to base metal due to concentration
gradient.

The stress rupture strength of weld metal was slightly higher than that of the base
metal. However, it ha an inclination of drop the straight line after 2000h. This is
also explained by the effect of boron diffusion. Regarding the difference due to the
orientation of weld metal, the transverse strength to the weld bead was slightly
higher than the longitudinal strength. The creep elongation to the lateral direction
was clearly larger than that to the longitudinal direction.

High temperature pre-aging was observed to have detrimental effect in the welded
joints, but it was not observed in the weld metal. This can be explained by the
estimation that boron diffusion in the weld metal specimen was very small because

of no concentration gradient.

+ Department of Advanced Nuclear Heat Technology, Oarai Research Establishment
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Fig. 1.1 Stress-rupture strength of Hastelloy XR welded joints at 950C?’ .
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Fig. 1.2 Stress-rupture strength of Hastelloy XR welded joints at 900C* .
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Table 2.3 Chemical composition of welded metal of tested Hastelloy XR.

( mass % )
Element All Depo

C 0. 07

S 0. 47
Mn 0. 66

P <0. 001

S 0. 002
N i Bal.

Co 0. 02

Fe 18. 29
Cr 21, 22
Mo 8. 990

V' 0. 49
Al 0. 04
T i 0. 02

B 1 2 ppn(9 ppm*)
Cu <0. 01

Nb+Ta <0. 01

Zr 0. 001
Mg <0. 01
Pb 3 ppm

Sn <0. 001
Ag <1 ppm

\Y 0. 01

012 4 0 ppm

N2 9 0 ppm

% ;3 20mm in Thickness Welded Joint
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Fig. 2.1 Microstructure of as-received Hsastelloy XR.
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Fig. 2.3 Sectional view of as-received welded joint.

Fig. 2.4 Microstructure of as-received welded joint.
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Table 3.1 Creep test results.

Stress Specimen Time to Rupture Reduction|Fracture
Material Rupture |[Elongation in Area Location
( MPa) No. Size (h) (%) (%)
34 C-05 $10 161. 0 46. 5 51. 8 B
29 c—-21 6 437. 8 43. 3 39. 7 B
B. M.
24 cC—-25 $6 833. 4 38. 5 35. 5 A
20 C-06 $10 1443. 9 29. 2 35. 3 B
40 wWJ—-07 $10 103. 8 28. 4 55. 3 B. M
34 wWJ—-02 ¢10 187. C 28. 0 42. 3 B. M
29 wWJ—-12 ¢ 6 323. 2 4. 6 6. 2 W. M
24 wWJ-—-01 $10 696. 5 12. 8 8. 4 wW. M
w.J
20 WJ-04 10 956. 0 7.4 1. 6 wW. M
17 WJ—03 $10 1459. 6 6.1 4, 4 W. M
14 WJ—-05 $10 2080. 6 - 3.3 1. 8 wW. M
11 wWJ—-06 $10 3714. 9 3.5 2.5 W. M
29 wWJ—-15 $6 263. 3 6. 2 4. 4 W. M
w. J. —-A
17 wWJ—-14 $6 1501. 5 4.7 3.3 wW. M
34 WM-01L ¢6 190. 0 5.3 1. 8 A
29 WM—-03L $6 381. 5 3.3 2.4 A
W. M. L
17 WM—O05L $6 2214. 5 0.7 0.6 A
15 WM—-06L $6 2498. 0 1.5 0.5 C
W. M. L—-A 29 WM-04L $6 528. 8 3.1 7.1 A
34 WM—-02T $6 290. 9 6. 8 1.7 A
W.M. T
29 WM—-04T $6 545. 1 4. 6 0.5 A
W. M. T—A 17 WM—-06T $6 3105. 8 2.8 2.3 A

Note: Symbols for material are as follows:

W.J.=Welded joint,

W.J. ~-A =Pre—~aged welded joint

W.M. L=Weld metal (L-Type), W.M.L-A=Pre—aged weld metal (L-Type)

W. M. T=Weld metal (T-Type), W.M. T-A =Pre—~aged weld metal (T-Type)

B. M. = Base metal

Fracture location ;
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Table 3.2 Instantaneous strain.
Material Stress Specimen Instantaneous
(MP a) No Size|Strain (%)
34 C—05 10 0. 021
29 c—21 ¢ 6 0. 020
B. M.
24 C—25 ¢ 6 0. 007
20 C—06 10 0. 013
40 WIlI—-07 $10 0. 018
34 wWIlI—-02 10 0. 040
29 WIlI—-12 ¢ 6 0. 034
24 wWi—-01 $10 0. 008
W. J

20 WI—-04 10 0. 004
17 WI—-03 $10 0. 006
14 WJ—-056 10 0. 004
11 WJl—06 $10 0. 024
29 WJ—-156 ¢ 6 0. 027

WwW. J. —A
17 WIl—-14 ¢ 6 0. 030
34 WM—-01L ¢ 6 0. 193
29 WM—-03L ¢ 6 0. 033

W. M. L
17 WM—-05L ¢ 6 0. 226
15 WM—06L ¢6 0. 000
W. M. L—-A 29 WM—-04L ¢ 6 0. 027
34 WM~02T ¢ 6 0. 053

W. M. T
29 WM-04T 6 — 0. 002
W. M. T—-A 17 WM-06T ¢ 6 0. 000
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Table 3.3 Prediction of minimum creep strain rate.

Stress Specimen Time to|Minimum Creep Strain
Material Rupture| Rate
(MPa) No Size (h) emin. (%/h)
34 cC-~065 $10 161. 0 .51x10"!
29 c-21 ¢6 437. 8 . 38%x107%
B. M.
24 c—-25 ¢ 6 833. 4 .62%x10°2
20 C—-06 $10 1443. 9 .51x10"*
40 WJ—-07 $10 103. 8 . 02x10"!
34 wJ-02 $10 197. 0 . 78%X1072
29 WJ—-12 $6 323. 2 .75%x107®
24 WJ—-01 $10 696. 5 .02x10°%
w. J
20 WJ—-04 $10 956. 0 .15%x10"?
17 WJ—-03 $10 1459. 6 .48x10°*
14 WJ—05 $10 2080. 6 .76%x10°*
i1 wWJ—-06 $10 3714. 9 .47%x10™
29 wWJ—-15 $6 263. 3 .52x10"2
W.J. —-A
17 wWJ—-14 ¢6 1501. 5 . 55x107?
34 WM—-01L ¢ 6 190. 0 .50x107?
29 WM-03L ¢6 381. 5 .46%x107?
W.M L
17 WM~-05L $6 2214. 5 . 63x10°*
15 WM-06L ¢6 2498. 0 . 42%X107*
W. M. L-A 29 WM-04L ¢6 528. 8 .48%x1072
34 WM-02T 6 290. 9 .43x1073
W.M.T
29 WM—-04T $6 545. 1 . 33x10™
W. M. T-A 17 WM—-06T 6 3105. 8 . 88x10°"
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Table 3.4 Time to the omset of tertiary creep.

Stress Specimen Time to|Time to the Onset of
Material Rupture Tertiary Creep
(MPa) No Size (h) t3 (h)
34 C-05 $10 161. 0 68
29 c-21 $6 437.8 126
B. M.
24 C-25 ¢ 6 833. 4 380
20 CcC—-06 $10 1443. 9 504
40 WJ—-07 $10 103. 8 6
34 wJ—02 $10 197. 0 21
29 WJ—-12 $6 323. 2 55
24 wWJ—01 $10 696. 5 126
w. J
20 WJ—04 $10 956. 0 119
17 wWJ-03 $10 1459. 6 253
14 WJ—-05 ¢10 2080. 6 1000
11 WJ—-06 $10 3714. 9 632
29 WJ-15 6 263. 3 47
W. J. —-A ‘
17 wJ—14 ¢6 1501. 5 750
34 WM-—-01L $6 190.0 125
29 WM—-03L ¢ 6 381.5 126
W. M. L
17 WM—-O5L ¢6 2214. 5 1250
15 WM—-06L $6 2498. 0 1440
W. M. L-A 29 WM—-04L »6 528. 8 250
34 WM—-02T ¢ 6 290. 9 145
W.M.T
29 WM-04T $6 545. 1 490
W. M. T-A 17 WM~-06T ¢ 6 3105. 8 1950




JAERI-Tech 99-024

50 . e .
h Hasteliloy XR o Wl
950°C " WA
oca. v Constant Load A WML
_ s & A WML-A|
- v WKT
% - B. M. v W.MT-A
= 0oy o B.M
e | = N :
[« b}
| - .
b— m A v
o
A
a
a
"0 1 n i n PR S S 1 L I i I PR S T §
10° 10° 10¢
Time to Rupture ( h)
Fig. 3.1 Creep rupture time for all materials.
Hastelloy XR ]
950°C o W.J.
i Constant Load o B.M
~~
(3
Q. B. M.
= y
(7]
Ued " p
-4
L
e
(7]
]0 1 1 I i N S T n 2 1 I FYS S T ¥
102 10° 10*

Time to Rupture ( h)

Fig. 3.2 Creep rupture time for base metal and welded joint.



JAERI-Tech 99-024

50
Hastel{loy XR o W.J.
950°C A WML
Constapt Load v WNT
7~~~
«
(=10
= /W.J
(7]
[7,]
[<5]
| -
— a
v
A
10

10? 10° 10*
Time to Rupture ( h)

Fig. 3.3 Creep rupture time for welded joint and weld metal.

60 . 1]
Hastelloy XR O Ww.J.

~ S0 950°C O WJ.-A | A
£ o) Constant Load A WML
_ o) A W.N.L-A
c 40 o v OWMT | -
2 v WMT-A
- O B.M
© 30 k i
20 ] o
o
ol i
[+
= r
=3
Q -
=
o=

10 10° 10

Time to Rupture ( h)

Fig. 3.4 Relationship between rupture elongation and time to rupture.



JAERI-Tech 99-024

60 T — T T — T
al
50 o Hastelloy XR o WJ.
~°r 950°C m WA i
ae 5 Constant Load A WML .
] -
~ a0k o A W.M.L-A i
« v KT
@t °© o v WMT-A
< 30 L o B.M _
| o=
- 5
S wf -
‘L—; i -
= 10
o o a b
L LI %
0 A. A Ry PR - | .DAA lvu. PO S S S Y
10° 10° 10¢

Time to Rupture ( h)

Fig. 3.5 Relationship between reduction in area and time to rupture.

0.4 T T T T T
= Hastelloy XR e Yl
> ook 950°C a WML -
Constant Load A WMNL-A
= v OWMT
< - v WMT-A
b a o B.M
“ 0.2} o 7
w
=
p=4 i ]
-+
[ =
(3]
<01} .
<
pree)
2 = ]
- o . 8 o
0.0 N T 2 o : 1
10 20 30 40

Initial Stress ( MPa )

Fig. 3.6 Relationship between instantaneous strain and initial stress.



True Creep Strain ( %)

True Creep Strain Rate ( %/h )

Fig. 3.

JAERI-Tech 99-024

40 T T T T T T T
Hastelloy XR Base Metal
0L TP No.C-05(¢ 10) il
950°C , 34MPa
| T,=161.0h ]
Constant Load
20 - ~
10 + -
0 1 L 1 3 1
0 50 100 150 200
Time ( h)
1.2 . . , . , : ,
1.0 F , -
Hastelloy XR Base Metal °
[ T.P No.C-05(¢ 10)
0.8 F 950°C , 34MPa .
| T,=161.0n °
0.6 -
L (o]
0.4 o ,
t3=68h 00
* ooooo
0.2 = 000000 -
¢00000000000000°ﬂﬁnn°°°° & min.=0.151%/h
]
0.0 ] N I " | 1
0 50 100 150 200
Time (h)
7 Creep curve and creep strain rate for base metal at 34MPa.
p p




JAERI-Tech 99-024

¥———r————

30 -
Haste!lloy XR Base Metal

_ -
>e T.P No.C-21(¢ 6) )
o F 29MPa, 950°C =
s T,=437.8h :
=
‘S 20 F Constant Load i
| -
— s
(e
a 15 | -
m e
D
S 10k i
@ - J
2
= Sr -
0 — 1 N | L L 't 1 "
0 100 200 300 400 500
Time ( h)
0.40 T I T T . I r T r
5 .
0.35 -
0.30 b Hastelloy XR Base Metal ° _
i T.P No.C-21(¢ 6) ° |
29MPa, 950°C
0.25 |- ’ .
2 T,=437.8h

True Creep Strain Rate ( %/h )

0. -
0. -
0. -
0'00<F L I 2 1 2 1 1 | 2
0 100 200 300 400 500
Time (h)

Fig. 3.8 Creep curve and creep strain rate for base metal at 29MPa.



JAERI-Tech 99-024

40 , , : , ' , . ; ;

Hastelloy XR Base Metal

”~
se 30+ T.P NO.C-25(¢ 6) 4
_ 24MPa, 950°C
T,=833. 4h
= X
— Constant Load
<
| -
— 20 -
[ 7]
o
o i
5]
| -
© ot 4
[<+)
=
| -
= |
0 L 1 1 1 L 1 2 L "
0 200 400 600 800 1000
Time (h)
0.14 : T r ; , T , . :
~~ " o o
= 0.2p -
aR - Hastelloy XR Base Metal o
~ 010k T.P No.C-25(¢ 6) i
» i 24MPa, 950°C ]
= T.=833. 4h
& 0.08 | " ° -
= - o 1
= 0.06 O }
)
by X t3=380h o° 4
Q 0.04 - 00°° 4
@ L 0000 )
S ol 00 00000000000066000000— & 4in 0. 0262%/h )
.1} ) (o]
=
| .
— 0.00 . 1 N 1 N 1 N 1 .
0 200 400 600 800 1000
Time (h)

Fig. 3.9 Creep curve and creep strain rate for base metal at 24MPa.



Fig.

True Creep Strain ( %)

True Creep Strain Rate ( %/h )
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Fig. 3.2 5 Creep curve and creep strain rate for pre-aged weld metal(L) at 29MPa.
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Fig. 3.3 6 Relationship between minimum creep strain rate and stress.
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Fig. 3.3 7 Relationship between minimum creep strain rate and time to rupture.
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Fig. 3.3 8 Relationship between time to the onset of tertiary creep and stress.
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Fig. 3.3 9 Microstructure of ruptured welded joint(WJ-02, 0 =34MPa, TR =197.0h).
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Fig. 3.4 0 Microstructure of ruptured welded joint(WJi-12,WJI-03).
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Fig. 3.4 1 Microstructure of ruptured weld metal. (WM-05L, 0 =17MPa, TR =2214.5h).
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Fig. 41 Von Mises effective stress distribution at the vicinity of fusion line.
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1 v 4 75 ; AN Y ) H Wb/A | bar=0.1 MPa~10°Pa 3. barid, JISTRKGBOENEEOTH
vy RBE |eryoRE| C 1 Gal=1cm/s?=10-2m/s® BRIRRVZ2DH T3 —KHFESATY
bt H s — 24 v Im cd-sr al=lem/s = m/s %
2} 2 /m? 1Ci=3.7x10'"Bq °
o kx| Im/m . 4 ECPRUEH 215 4T bar, barn bk
® " |~ v on| Bg | s 1 R=2.58x10"C/kg ) " .
a P U T4 ] mmHg 2 %204 537
w 4 ® B||7 L 4| Cy| Jke Irad=1cGy=10"Gy —KARTLE
# B2 Y4 ®‘B|vy-~xwt| Sv J/kg Irem=1¢cSv=10 *Sv
-4 -} &
711 N(=10°dyn) kgf Ibf K {MPa(=10 bar) kgf/cm? atm mmHg(Torr)| 1bf/in*(psi)
1 0.101972 0.224809 1 10.1972 9.86923 7.50062 x 10° 145.038
9.80665 1 2.20462 h 0.0980665 1 0.967841 735.559 14.2233
4.44822 0.453592 1 0.101325 1.03323 1 760 14.6959
i E 1Pa-s(N.s/m*)=10P(# 7 x)(g/(cms)) 1.33322 x 107* | 1.35951 x 107* | 1.31579 x 107 1 1.93368 x 1072
FHE 1m?/s=10'St(x b — 2 2) (em?/s) 6.89476 x 107* | 7.03070 x 10"% | 6.80460 x 10~° 51.7149 1
x| J(=10"erg) kgfem kW+h cal Gt&#) Btu ft * Ibf eV 1 cal = 4.18605 J (it &H:)
#
W 1 0.101972 | 2.77778 x 1077 0.238889 | 9.47813 x 107" 0.737562 6.24150 x 108 =4.184J (BLH¥)
*
| 9.80665 1 2.72407 x 10°° 2.34270 9.29487 x 107? 7.23301 6.12082x 10" =4.18554J (15°C)
% 3.6x10° 3.67098 x 10° 1 8.59999 x 10° 3412.13 2.65522 x 10°¢ 2.24694 x 10%° =4.1868 J (HBE R L)
ol 418605 0.426858 | 1.16279 x 10°¢ 1 396759 x 1077 | 3.08747 2612712x 10"tk | pS ({LE /)
R’ 1055.06 107.586 293072 x 107 | 252.042 1 778.172 6.58515 x 10°" ~ 75 kgf-m/s
1.35582 0.138255 | 3.76616x 1077 |  0.323890 | 1.28506 x 10°* 1 8.46233x 10" ~735.499 W
1.60218 x 107" | 1.63377 x 107%°| 4.45050 x 107%¢| 3.82743 x 1072°| 1.51857 x 107%?| 1.18171 x 10™** 1
bis¢ Bq Ci A Gy rad 4] C/kg R ©® Sy rem
1 2.70270 x 107! " 1 100 ] 1 3876 b 1 100
& &’/ B i
3.7 x 10%° 1 0.01 1 2.58 x 107¢ 1 0.01 1
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