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Evaluation on Materials Performance of Hastelloy Alloy XR for HITR Uses-€
(Tensile and Creep Properties of Heat Exchanger Tube Base Materials

and its Welded-Joints)
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Tensile and creep properties of heat exchanger tube base materials and its welded-
joints were investigated as a series of evaluation tests on Hastelloy Alloy XR heat
exchanger tube and filler metal for the High Temperature Engineering Test Reactor
(HTTR) components. As for temsile properties after thermal aging of base materials and
welded joints, ductility was remarkably reduced at room temperature while it was
raised at 950°C. On creep properties, the difference between base materials and
welded joints in creep rupture strength was relatively small. Creep rupture elongation
tended to decrease with increasing rupture time, and rupture elongation of welded
joint. had a tendency to be lower than that of base material. On the other hand, a
comparison of plate with tube on high temperature tensile ductility after thermal
aging was found to be higher in tube than in plate while its difference was slight at
room temperature. As for creep properties. base materials and welded joints of tube

had a tendency to be slightly shorter in rupture time at lower stress and long terms
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than those of plate. However, it is concluded that this is not problematic in practical
uses from the fact that the rupture time in tube is comparable or greater than that of
Hastelloy Alloy XR master curve and that it is much longer than that of design creep

rupture strength [Se].

Keywords: Tensile Properties, Creep Properties, Heat Exchanger Tube, Base Material

Welded-Joint, Hastelloy Alloy XR, HTTR, Plate
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Fig. 1 Production flow diagram of Hastelloy Alioy XK tube.
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Fig. 2 Production flow diagram of Hastelloy Alloy XR filler metal and insert metal.
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Fig. 4 Groove geometry.



JAERI-Research  97-009

HRRETHY

{a) Finishing side
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Fig. 5 Appearance of weld bead.

Fig. 6 Build-up sequence.
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Fig. 7 Microstructures of welded-joint.
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{Remarks)
(1) t: Thickness of tube
(2) Excess weld metal shall be finished in the boundary with the base metal.
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Fig. 8 Geometry of tensile and creep specimen.
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Fig. 9 0.2% proof stress at room temperature before and after thermal aging.
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Fig. 13 Ultimate tensile strength at elevated temperatures before and after thermal aging.
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Fig. 15 Macrostructures of welded-joint tube after thermal aging at 900 and 950°C for
1000 hr.
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Fig. 16(a) Microstructures of welded-joint tube.
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Fig. 16(b) Microstructures of welded-joint tube after thermal aging at 900°C for 1000 hr.
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Fig. 16(c) Microstructures of welded-joint tube after thermal aging at 950°C for 1000 hr.
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Fig. 18 Relation between applied stress and creep rupture time
at 900°C in air
100
i \ T TTT1
Base Metal o7
r " ¥elded Joint AT
| l 1 lL } l
50
-..___\ R
'\\\
] ~.l l|ald |
‘*—-.___h_\ \\\ ‘
T Ml ao i |
\_\‘ ‘ I |
\‘\.\_\ “\A\c\ | ‘ ‘ ‘ i
F\{ . Hastellcy-XR Wean Data Curve
T RN |
JAERI Materials Strength Standard e \J i
[Se] N \
\‘
10 | ~L
~.
P N
™~.. 1 N
5 '\ s il
10" 107 10° 1o 108
Rupture Time tr ()
Fig. 19 Relation between applied stress and creep rupture time

at 950°C in air
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Fig. 20 Relation between fracture elongation and creep rupture time
at 900°C in air
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Fig. 21 Relation between fracture elongation and creep rupture time

at 950°C in air
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Fig. 24 Relation between minimum creep rate and applied stress
in air (Base metal)
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Fig. 25 Relation between minimum creep rate and creep rupture time
in air (Base metal)




JAERI-Research 97-009 e

Outer side in base metal (CB-01) Inner side in base metal (CB-01)

QOuter side in welded joint (CW-OI} Inner side in welded joint (CW-01)

Fig. 26 Appearance of crept specimen after testing at a stress of 58MPa at 900T.
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Quter side in welded joint (CW-02) Inner side in welded joint (CW-02)

Fig. 27 Appearance of crept specimen after testing at a stress of 47MPa at 900C.
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Outer side in welded joint (CW-03) Inner side in welded joint (CW-03)

Fig. 28 Appearance of crept specimen after testing at a stress of 28MPa at 900C.
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Fig. 29 Appearance of crept specimen after testing at a stress of 33MPa at 9500C.
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Fig. 30 Appearance of crept specimen after testing at a stress of 31MPa at 950C.
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Outer side in base metal (CB-05) Inner side in base metal (CB-05)

Outer side in welded joint (CW-(5} Inner side in weided joint (CW-05)

Fig. 31 Appearance of crept specimen after testing at a stress of 24MPa ai 950°C.
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Outer side in welded joint (CW-O?) Inner side in welded joint (CW-07)

Fig. 32 Appcarancé of crept specimen after testing at 2 stress of 184Pa ai 950°C.
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Fig. 33 Microstructures of fracture portion for base metal tube.
(900°C, 58MiPa, specimen No. CB-01)
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Fig. 33 (continued).
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Fig. 34 Microstructures of fracture portion for welded-joint tube.
(900C, 58MPa, specimen No. CW-01)
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Fig. 34 (continued).
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Fig. 35 Microstructures of fracture portion for base metal tube.
(007, 38MPa, specimen No. CB-03)
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Fig. 36 Microstructures of fracture portion for welded-joint tube.
(900C, 38MPa, specimen No. CW-03)
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Fig. 36 (continued).
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Fig. 37 Microstructures of fracture portion for base metal tube.
(9507C, 31MPa, specimen No. CB-04)

....48_




JAERI-Rescarch -27-009

nner sudes inhibe

Fig. 37 (continued).
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Fig. 38 Microstructures of fracture portion for welded-joint tube.
(950°C, 31MPa, specimen No. CW-04)
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Fig. 38 {continued).
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Fig. 35 Microstructures of fracture portion for base metal tube.
($50°C, 18MPa, specimen No. CB-06)
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Fig. 39 ({coniinued).
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Fig. 40 Microstructures of fracture portion for welded-joint.
(950°C, 18MPa, specimen No. CW-07)
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Fig. 41 Stress versus test temperature for plate and tube.
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Fig. 42 Total elongation versus test temperature for plate and tube.
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Fig. 43 Stress versus test temperature for plate and tube
aged at 900°C for 1000 hr.
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Fig. 44 Total elbngation versus test temperature for plate
and tube aged at 900°C for 1000 hr.




—
