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Creep Rupture Properties of Trial Welded Joints of

a Ni-Cr-W Superalloy in Air Environment

Yuji KURATA, Teiichiro SAITO*, Hirokazu TSUJI
Tamao TAKATSU™*, Masami SHINDO* and Hajime NAKAJIMA

Department of Materials Science and Engineering
Tokai Research Establishment
Japan Atomic Energy Research Institute

Tokai-mura, Naka-gun, Ibaraki-ken
(Received April 1, 1997)

The item to be solved in order to put the Ni-Cr-W superalloy to practical use is
development of filler metal. Therefore, creep properties of trial welded joints were
estimated. Filler metals whose susceptibility to cracking in the weldments was lowered
by adjusting minor alloying elements, were melted. Three kinds of trial welded joints F,
P5 and P6 were prepared by means of manual TIG(Tungsten Inert Gas) welding. Creep
rupture properties in air environment were investigated at 900, 1000 and 1050°C for the
trial welded joints. The results obtained were as follows:

(1) Creep rupture time for trial welded joints F, P5 and P6 is almost as the same as or
a little shorter than that for the base metal of Ni-Cr-W superalloy with grain size of
ASTM No.2 and creep rupture strength of 10.8MPa for a 1x105 h life at 1000°C.
Creep rupture strength of the trial welded joints is fairly good as welded joints used at
high temperatures.

(2) Rupture location is the base metal at 900°C and it becomes the welded metal at
1000 and 1050°C. Reduction of area is small in case rupture occurs at the weld metal.
(3) Voids and cracks form at grain boundaries in the case of rupture at the base metal.
They also form at grain boundaries of the weld metal in the case of rupture at the

weld metal.

This research report is the result of the joint study with Nippon Welding Rod Co.Ltd.

+ Office of Planning
* Nippon Welding Rod Co. Ltd
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Since susceptibility to cracking in the weldments of a Ni-Cr-W superalloy was very
high, development of filler metal with good weldability was difficult. However, it was
found that trial welded joints prepared using the filler metals with good weldability have
fairly good creep properties. Research for development of the filler metal with excellent
weldability, creep properties, corrosion resistance and hot workability will be performed
in focusing quantitative estimation of effect of minor alloying elements on susceptibility
to cracking in the weldments, preparation of filler wires for automatic TIG welding and

estimation of creep properties for the welded joints by automatic TIG welding.

Keywords: Ni-Cr-W Alloy, Creep, Welded Joints, TIG Welding, Cracking in Weldments,
Filler Metal, Weldability, Minor Alloying Element, Creep Rupture Strength,
HTGR |
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Fig. 1 Groove geometry and build-up sequence for welded joint
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Fig. 2 Sampling location of welded joint specimens.
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Fig. 3 Stress versus time to rupture of trial welded joints F, P5 and P6 in comparison with that of

base metal(grain size:ASTM No.2) .
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Fig. 4 Rupture elongation versus time to rupture of trial welded joints F, P5 and P6.
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Fig. 5 Reduction of arca versus time to rupture of trial welded joints F, P5 and P6.
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Fig. 6 Creep curve at 900°C under 39.2MPa in air for trial welded joint F.
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Fig. 7 Creep curve at 1000°C under 19.6MPa in air for trial welded joint F.
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Fig. 8 Creep curve at 900°C under 39.2MPa in air for trial wéldcd joint P5.



Creep strain (%)

JAERI— Research g7—032

25 ! T T T
Ni-Cr-W “
20+ Welded joint P5 -
- 1000°C, 19.6MPa § ]
15} g
10 .
5 -

‘ u |

Fig. 9 Creep curve at 1000°C under 19.6MPa in air for trial welded joint P5.
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Table 3 Condition of manual TIG welding

Shape and size | Diameter of| Welding Arc voltage | Arflowrate | Travel speed
of filler metal electrode current
{mm) (mm) V) (£/min) (mm / min)
Rectangular rod
with a base 3x3
and a length of 3.2 100~200 11~17 10~15 80~200
about 230
Table 4 Creep test results for welded joint F
Temperature| Stress | Time to rupture Ruptu.rc | Reduction of| Steady-state Rupture
(C) (MPa) (h) elongation arca creep rate location
(%) (%) (%/h)
53.9 1712.4 24.0 56.1 Base metal
900 44.1 5565.7 21.9 442 --- Base metal
39.2 7626.6 18.4 28.7 1.36E-3 Base metal
29.4 922.1 14.4 27.4 -- Base metal
1000 24.5 2464.0 21.3 23.0 - Base metal
19.6 3807.4 19.4 16.6 1.25E-3 Base metal
1050 19.6 613.3 11.3 9.2 7.1E-3 Weld metal
14.7 26642 51.3 16.1 --- Base metal
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Table 5 Creep testresults for welded joint PS

Temperature| Stress Time to rupture Ruptu.re Reduction of| Steady-state Rupture
clongation area creep rate .

(C) (MPa) () (%) %) (%/h) location
S00 39.2 10346.5 16.9 24.4 1.17E-3 Base metal
1000 29.4 1373.7 20.8 40.1 -e- Base metal

19.6 5233.0 20.5 6.9 1.27E-3 Weld metal
1050 19.6 986.9 14.8 4.4 6.5E-3 Weld metal
14.7 3335.1 22.9 4.6 --- Weld metal
Table 6 Creep testresults for welded joint P6
Temperature| Stress Time to rupture Rupture Reduction of) Steady-state Rupture
elongation ared creep rate .

(C) (MPa) o) (%) (%) (%/h) location
1000 29.4 1444.2 20.0 45.4 --- Base metal
1050 19.6 959.2 7.6 1.0 6.0E-3 Weld metal
14.7 2619 13.4 3.4 --- Weld metal
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Photo. 1 Optical micrographs of the ruptured specimen of welded joint F. Creep test was carried
out at 900°Cunder 44.1MPa; (a)ruptured region(base metal), (b)bond region and {c)

weld metal region.
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Photo. 2 Optical micrographs of the ruptured specimen of welded joint . Creep test was carried
out at 1000°Cunder 19.6MPa; (a)ruptured region(base metal), (b)bond region and (c)

weld metal region.
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Photo. 3 Optical micrographs of the ruptured specimen of welded joint F. Creep test was carried

out at 1050°Cunder 19.6MPa; (a)ruptured region(weld metal), (b)bond region and (c)
base metal region.
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; Photo. 4 Optical micrographs of the rupfurcci specimen of welded joint PS. Creep test was carried
out at 1000°Cunder 29.4MPa; (ajruptured region{base metal}, (b}bond region and (c)

weld metal region.
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Photo. 5 Optical micrographs of the ruptured specimen of welded joint P5. Creep test was carried
out at 1000°Cunder 19.6MPa; (a)ruptured region(weld metal), (b)weld metal region

and (c)bond region.



