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Comparison of Mechanical Properties at Elevated Temperature
of Some Commercial Ni-base Heat-Resisting Alloys.

(Studies on Ni-base heat-resisting alloys—V)

Synopsis:

“Taro Hasegawa

Mechanical properties at elevated temperature of six commercial Ni-base heat-resisting
alloys were investigated, and the effects of Co, Mo and Nb on mechanical properties were

compared.

When compared the mechanical properties of Ni- Cr were with Ni-Cr-Co alloys, Co was found
to be effective to increase strength at high temperature and long time test, and it also increased

ductility at room & elevated temperature.

Mo was found to be effectxve to increase strength at high temperature, but it gave effect

to decrease at high and long time test.

M252 which contained 10% of Mo was found to have

a lower creep rupture strength above 750°C than Inco 700 which contained lower Mo, but higher

Ti, Al and Co.

But M252 had the highest creep ductility at high temperature.

Nb was found to be effective to increase high-temperature strength as well as Ti & Al
But its effect was not clear in short time test of tensile strength. Therefore, Inconel X-550

had the hlghest stress rupture strength among Ni-Cr alloys.

Creep ductility was decreased

remarkably by the addition of 1° 2% Nb as Ni-Cr alloys which contained high Ti and Al
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Fig. 1. a) Short-time. tensile pro-
. perties of various Ni-base

heat-resisting alloys.
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Fig. 1. b) Short-time tensile
properties of various Ni-base
heat-resisting alloys.

Table 1. Chemical cbmpositions of materials tested.

No. . : . ' .

Alloy charge‘ C { Si ‘ Mn| P | s | cr ’ Ni ’ Co | Mo |Nb+Ta| Ti | Al
Nimonic 80A As2 007 [ O 0°21 | 0°006| 0*008| 19°97 74'40 195 — — 2°37 | 1°22
Inconel X-550 A57 0°06 | 0°21 | 0*21 | O°O10} 0°Q08| 15-11{ 78°58] — — 1+22 2°18 | 1-21
Inco 739 A74 0:07 | 0°04 tr 0°0l6} 0°004| 15%16] 77°25] — 2°95 — | 179 | 276
Nimonic 90 N43 0+07 | 0°07 | 007 | O-0l8| 0008 20-03| 59°53|16°51 — — 239 | 1*67
Inco 700 Na4 0¢11 | 007 | O°11 | O*0Ol1lj 0*Q07| 15°37 48'4‘0‘28'49 2797 — 2°12 | 3°33
M252 N21 0111 042 | 0*35 | 0*008| 0*Q05| 19°27| 55°8010°81 | 9°37 —_ 2498 | 0°81

Table 2. Heat treatment of specimens tested.
Symbol of heat '
Alloy treatment Procedures of heat treatment

Nimonic 80A A [ 1065°C x 8h-AC, 700°C X 18h-AC

Iftonel X-550 F 1180°C k 1th-AC, 870°Cx 4h-AL, 730°Cx4-AC
Inco 739 E 1120°Cx4h-AC, 980°Cx 1h-AC, 730°C x4h-AC
Nimonic 90 A 1065°C x8h-AC, 700°C x 18h-AC

Inco 700. D 1180°Cx2h-AC, 870°Cx 4h-AC

M252 G 1065°C X 8h-AC, 760°Cx 15h-AC
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Fig. 4. Stress rupture strength at 816°C:

. Table 3. Stress rupture strength at 750 and 816°C of various Ni-base
heat-resisting alloys (kg/mm?) :

. 750°C 816°C
Alloy No. charge

100h 300h 1000 h 100h 300h
Nimonic 80A . " AS52 : 280 230 19°0 145 12°5
Inconel X-550 AS57 . 32'5 28°0 240 18°2 152
Inco 739 ' A74 300 24°8 20°3 17°2 ' 14-3
Nimonic 90 N43 29+0 ( 250 20°5 : 180 ‘; 145
Inco 700 r N44 360 | 32°5 29°0 i 248 : 20°0
M 252 Y7 Nzi 37°0 ' 32+0 i 27°0 « 21+8 ﬁ 1840
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Table 4. Stress rupture strength calculated by master rupture curves (kg/mm?)

s Nimonic Inconel Inco Nimonic |-Inco 700 M 252
- Temperature T”{;e 80A X -555 739 90 _ ~
As53 AS57 A74 N43 uN44 : Nz21
i 10 — _ — —_ — —
600 ! 100 — -— — — — —
! 1000 590 55°0 650 - . 63°0 73°0 79°0
10 - — - — —
650 100 560 53-0 62°0 61°0 69°0 76°0
1000 440 450 480 470 550 60:0
: 10 54°0 52+0 60+0 59°0 670 7340
700 . 100 410 . 43°0 450 43°0 530 | 58+0
1000 295 34°0 310 310 i 400 41°0
. 10 400 42°0 44°0 42°0 " 5820 560
750 100 280 . 32°5 300 29°5 38°5 39°C
1000 19°0 23*5 200 20*5 280 26°0
’ ’ 10 275 32+0 2945 29°0 380 38°0
800 100 18°0 T 230 19°5 20°0 275 250
1000 12-0 14°0 13+0 13°5 - 185 16°5
10 E 18+0 23*C 19+5 : 20°0 27°5 255
850 100 ; 1107 13*5 130 . 135 . 18°2 160
: 1000 » 1 — — — — — —
10 122 14°5 135 - 138 188 16°5
900 | 100 = — — — — —
©l 1000 — — = — — —
80 §— Oy
\\ Y l“ -
70 I A\ a2 70 I, 1257
e N ke | | O
\ , \ \ . . \ \\
" A \ trco 290 . ¥ W‘Jﬂw 760 60 }l\\ ; Inco ,700
- \ ‘\\Q , ) - < \9 ‘\g \.\\l\\ ;
R N \p - N \ o A Y > Inco 739
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10 - = 0 /0 /BN
S w0 &0 500 % 700 77— O ——m &
Testing temperature, (°C) Testing temperature, (°C) Testing temperature, ()
Fig. 5. 10 hours stress rupture Fig. 6. 100 hours stress Fig. 7. 1000 hours stress
strength. rupture strength. rupture strength.
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