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Evaluation on Materials Performance of Hastelloy Alloy XR for HTTR Uses-3
— Manufacture of Filler Metal and its Weldability -—

Katsutoshi WATANABE, Hajime NAKAJIMA, Teiichiro SAITOH*!, Tamao TAKATSU*'
Hajime KOIKEGAMI*?, Makoto HIGUCHI*2, Tsuneo NAKANISHI*®
Kensvo SAHIRA**, Kouki.MARUSHICHI** and Toshiki TAKEIRI**

Department of Materials Science and Engineering
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(Received November 29, 1994)

Weldability on Hastellovy Alloy XR base metals and filier metals for the High
Temperature Engineering Test Reactor (HTTR) components was examined by means of
chemical analvsis of deposited metais, optical microscopy, hardness measurements, FIS€CO
and bend test. All of the results obtained by each test showed favorable performance.
In particular, in the bend test which is considered to be criticat pass, the
optimization of B and C contents in the filler metal resulted in low susceptibility to
weld cracking. Therefore, it is concluded that the exceilent performance of the filler
metal used and the effectiveness of narrowing groove are confirmed, and there is no

probiem from the viewpoint of engineering with respect to HTTR application.
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Table 7 Results of side bend tests (thickness: 60mm plate)

Liquid Results of side bend tests | %)
Test item| Specimen penetrant (Crack length X Number) Judgment
No. test
(number) (mm X number)
1 1 (L.F. 0.5x1) Good
2 No defect No defect Good
3 1 (L.F. 0.5xD) Good
Side bend
4 No defect No defect Good
5 No defect No defect Good
6 No defect No defect Good
%) Criteria: (Maximum crack length)< 3 (mm),
(Total crack length)= 7 (Cam),
(Number of cracks)=10
¥%) L.F. : Lack of fusion
Table 8 Results of guided bend tests (thickness: 15mm plate)
Liquid | Results of guided bend tests %)
Test item | Specinmen penetrant {Crack length x Number) Judgment
No. test
(number) {mm x number)
1 No defect No defect Good
Face bend
2 No defect No defect Good
1 No defect No defect Good
Side bend :
2 No defect No defect Good
1 No defect No defect Good
Root bend - -
2 No defect No defect Good

%) Criteria: (Maximum crack length)= 3 (mm)
{Total crack length)= 7 (om)
{Nunber of cracks)=10
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Table 16 Results of FISCO cracking test (thickness: 15mm plate)
Repeat Weld bead no. Total Crack
_no. 1 2 3 length(mn) ratio(%)

Length of '
I |weld(w) | 47.50 | 44.65 | 48.30 | 140,45
Length of 3 X pd 18.2
crack(mm) 8.60 B8.85 7.50 22.75
Length of

2 |weld(mm) | 56.10 | 54.55 | 56,00 | 168.65
Length of. pS < * 13.6
crack{mm) 7.45 6.00 3.15 22.60

Crack in crater
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Table 17 Results of guided bend tests (thickness: 60mm plate)

Liquid .Results of guided bend tests %3
Test item: Specimen penetrant (Crack length x Number) Judgment
No. test -
(number) (mm X nupber)
1 No defect No defect Good
Face bend
2 No defect -No defect Good
1 No defect No defect Good
2 No defect No defect Good
Side bhend
3 No defect No defect Good
4 No defect No defect Good
%) Criteria: (Maximum crack length)< 3 (mm),
(Total crack length)=< 7 (mm),
{Number of cracks) =10
Tabie 18 Results of guided bend tests (thickness: 15mm plate)
Liquid Results of guided bend tests %)
Test item | Specimen penetrant (Crack length X Number) Judgment
No. test
(number) (mm % number)
1 No defect No defect Good
Face bend
2 No defect No defect Good
1 No defect 0.2x1 Good
Side bend
2 No defect 0.2x1 Gocd

%) Criteria: (Maximum crack length)< 3 (mm),
(Total crack length)= 7 (um),
(Number of cracks) =10
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 Fig. 1 Production flow diagram of Hastelloy XR Plate
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Fig. 2 Production flow diaéram of Hastelloy XR filler metals
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60

Fig. 3 Groove geometry (thickness: 60mm plate)
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Fig. 4 Sampling locaticn of test specimens (thickness: 60mm plate)
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{b) Welded joint

Fig. 5 Groove geometry (thickness: 15mm plate)
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Fig. 6 Sampling location of weld metal specimens (thickress: lomm piate)



JAERI-Research 94-046

200

—|15 jem—en

Fig. T Sampling location of welded joint specimens (thickness: 1omm plate)
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Fig. 8 Geometry of side bend test specimen (thickness: B60mn plate)
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(c) Side bend test specimen

Fig. 9 Geometry of guided bend test specimen (thickness: 15mm plate)
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60

Fig. 10 Groove geometry (thickness: 60mm plate)

29 layers

54 passés

Fig. 11 Build-up sequence (thickness: 60mm plate)
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Fig. 13 Groove geometry (thickness: 15mm plate)
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Fig. 15(a) Microstructure of welded joint (backing side)
(thickness: 60mm plate)
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Fig. 15(b) Microstructure of welded joint (1/2t)
(thickness: 60mm plate)
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Fig. 15(c) Microstructure of welded joint (finishing side)

(thickness: 60mm plate)
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Fig. 16  Macrostructure of welded joint (thickness: 15mm plate)

o

(c) HAZ (d) Base metal

Fig. 17 Microstructure of welded joint (thickness: 15mm plate)
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Fig. 20 Comparison of crack ratio on FISCO cracking test

(thickness: 15mm plate)
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Fig. 21 Geometry of face bend test specimen (thickness: 60mm plate)
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Fig. 22 Geometry of side bend test specimen (thickness: 60mm plate)
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Test item Test results Appearance of test specimen

T.P Ro.:Fl

No Defect

Face Bend Test

T.P No. :F2

No Defect

Fig. 23 Appearance of welded joint face bend test specimens
(thickness: 60mm plate)
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Test item Test results Appearance of test specimen

T.P Ro. :S81

No Defect

T.P No, :82

Ko Defect

Side bend test

T.P No.:83

No Defect

T.P Ho.:84

No Defect

Fig. 24 Appearance of welded joint side bend test specimens
(thickness: 60mm plate)
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{a) Face bend

(h) Side bend

Fig. 25 Appearance of welded joint bend test specimens
(thickness: 15mzm plate)
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Fig. 26 C and B content of filler metal versus number of crack
(thickness: 15mm plate)



