622 % L 8 B4 E B o6 B

ZR M 2B & DELIE DRI EIC I X 1T 9 2T
(Ni Ef#3ESSICETIHAR—IV)
E A K
Efftects of Heat Treatment on Mechanical Properties
| of Some Nickel-Base Heat-Resisting Alloys

#fEo Ni ##

EK**

(Studies on nickel-base heat-resisting alloys—IV)
Taro Hasegawa

Svynopsis: :

Effects of practical heat treatment shown by Table | on mechanical properties of Inconel
X-550, Inco 739, Nimonic 90 and Inco 700 were investigated.

The heat treatment B which contained water cooling after solution-treatment gave higher
short-time tensile strength. But in the case of Inco 739 and Inco 700 which contained higher
Al than other alloys, the heat treatment F gave the same short time tensile strength at 750
°C as the heat treatment B. : -

The heat treatment of D and F, which contained solution treatment at 1180°C, gave the
highest stress rupture strength at 750 and 816°C to Inco 739, Inco 700 and Inconel X-550.

The reason of the above fact was due to softening during long time test at elevated tempe-
rature in the case of heat treatment B. ’

In the same way as Inco 700 heat-treated by D did not show softening during stress rupture
test at 816°C, so heat treatment D showed the highest stress rupture strength at this tempe-
rature. But as in the case of other alloys, hardness of specimens decreased remarkably by
-overaging during stress rupture test at 816°C, so effect of heat treatment on stress rupture
strength at this temperature were not clearly.

The heat treatment C and E, which contained coarse aging at 980°C, gave lower short-
time tensile strength and stress rupture strength. It was due to the fact that aging at 980°C

cause coarse precipitates, and was softened easily at elevated temperature by overaging.
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Testing temperature, C

Inconel X-550.

Testing temperature, T

Table 1. Heat treatment -of materials tested.
Symbol of ’ : Alléys“subjected
heat treatment . Procedure of heat treatment to heat treatment
A 1065°C x8h-AC, 700°Cx18h-AC Nimonic 80A
s ; — Nimonic 90
- B 1065°Cx 8 h-WQ, 800°Cx2°5h-AC, 700°C x18h-AC other
C 1065°Cx8h-AC, 980°Cx1h-AC, 730°Cx4h-AC
: - : Inco 700
D 1180°Cx2h-AC, 870°Cx4h-AC ‘
E 1120°Cx 4h-AC, 980°Cx1h-AC, 730°Cx4h-AC Inco 739
F 1180°Cx 1 h-AC, 870°Cx4h-AC, 730°Cx4h-AC " Inconel X -550
Table 2. Chemical composition of specimens tested.
Alloy symbolof | ¢ | & ImMa| P | s | cr | Ni | Co | Mo | Nb L Ti Al
specimens ’ : : | ;
u o o e o . . ; a1
Inconel As7 006 | 0210 021 0°010} 0*006| 15 11| 7858 — | — |1 22 ‘ 2418 | 1°21
X-550 A73 0°07 0707 | tr | 0013} 0-004] 14'81i 7@-74! — | — [0°%4 1, 246 | 1°27
A5 | 005 | 0°21 | 0°25 | 0-009] 0-008| 15°16 7658 — | 319 | — |19z | 285
Inco 739 . — || ‘ ; R ‘
A74 0707 | 0°04 | tr | 00l 0°004 15716 77+25| — | 2795 | — | 1°79|2°76
! .
N33 005 | 0*21 | 0°36 | 0-012| 0-005 20°36| 56-81l 18209 — — | 2°48 | 1°53
Nimonic 90 ‘ - - - : : S
N43 0°07 | 0°07 | 0°07 l 0°016| 0°008 20703 59753 16°51| — — | 239 | 1°67
] i !
N23 0°04 | 0°22 | 021 0-007‘ 0-008| 15°25| 49-00| 27°96| 2°89 | — | 1*75 | 2°75
Inco 700 N34 0-05 | 022 | 0°31 io'ow 0’0061 15+29| 48-03| 28°59| 3*07 | -— | 2°C1 | 278
N44 011 | 0°07 | 0*11 | 0°011] 0007 15°37| 48+40; 2849 2°97 | — | 2712} 3°33
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Fig. 3. Short-time tensile properties of
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Allo Symbol of| Heat Charpy impact
¥ specimens|treatment value, kgm/cm?
T T S
Inconel
X550 1 A73 F 774 67
B 95 96
B o8 1+0
As9o ¢ . .
Inco ; B } 28 22
739 | E b 240 240
A74 | B 55 5+0
. 18 1°8
I S
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0 N43 A 12°5 103
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D 1-8 .
N23 B ; 115 110
i C L1337 1
- -
Inco D ] 84 7°3
700 N34 . B ’ 10°5 10°0
. C ' 151 13°9
f i -
i {
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N4a4 B 80 8°8
. C 109 {1°5
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Fig. 7. Stress rupture strength of Nimonic 90.
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Table 4. Hardness change during stress-rupture testing.

i Testing | . i Ay
Alloy Symbol of| Heat tempe- | - STtiztsxsng Iﬁgture Hardness Rockwell ‘C
specimen ‘treatment; rature | e |
P E " E o‘ér . kg /mm? h Before test After test
' ~ B . 750 268 218+1 35°5 30°6
Inconel X-550 A7 F 750 268 492+8 3047 28°3
? B 750 | 268 67 345 336
j v 816 1849 355 36°8 33°2
E 750 263 129-8 28°3 32°3
Inco 739 AS9 ” 816 18+9 50°4 31+4 29°7
| D 750 268 124°0 24+7 32-2
! » 816 18°9 | 29'5 27°0 ; 31°7
o A 750 29+9 56°4 3040 3176
Nimonic 90 N33 B 750 29+0 7349 330 -4
B 750 2949 321 348 359
” 816 1849 65°8 344 33+8
C 750 2949 500 362 353
Inco 700 N34 # 816 18°9 613 357 33+ 1
D 750 2049 1349 1844 34°6
” 816 18°9 | 127°5 17°6 333
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