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Effect of Elements and Heat-Treatment' on the Precipitation of

" Ni-Base Heat-Resisting Alloys. =~

Sadao KosuiBa, Tsuneo KuNnou and Shin KiMURA

Synopsis:

This report deals with the effect of additional elements such as Mo, Al, W,. V and Nb on
the precipitation, and with the behavior of the precipitation due to the heat-treatment in the

Ni-base heat-resisting alloys.

The precipitates were isolated electrolytically from specimens, and chemical composition
and crystalline structure of the isolated precipitates were determined by chemical analysis
and X-ray diffraction, and the shape of the precipitates were observed by electron microscopy.

The results obtained were as follows:

(1) The precipitates of aging-treated spécimens which were added with several elements
consisted of Niz(Al-Ti), MsCs and Ti(C-N) usually, and the mest portion of the precipitates

was Nis(Al-Ti). o .

Among the added elements, especially, in the case of Al or Nb ‘addition, Nig(Al-Ti) or
Nby(C-N); was precipitated plentifully, and the amount'-of precipitates, as-aged hardness and
strength at high temperature of the alloys were increased conspicuously.

(2) The insoluble precipitates in solution-treated states were only "I‘i(C-N)..

The amount of precipitates were influenced by aging temperature, but the effect of solution-

treatment temperature were hardly observed.

The amount of precipitates was increased with the rise of aging temperature, and it showed
the highest value when the specimens were aged at 800°C, but precipitates were decreased.
rapidly in the specimens by aging treatment at above 850°C. '

Presumably,
degree of aging temperature.
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Table 1. Chemical composition of specimens (%).

No C Si Mn Ni Cr W Mo v Co Nb Al Ti

M-3 003 1°03 123 3776 17°86 ’ -— 3°06 — 21°38 — "0°20 2*36
M-7 0°03 102 112 3786 [7°95 — 1 675 — 22700 — 020 2°28
A-8 006 117 1*13 7| 37°24 18'72. — 3°16 —_ 20°00 — 070 2°68
W-2 0°04 ' 4v24  1°25 | 37°27 ! 1810 1°54 @ 316 | — | 2138 | — 0°22 | 235
W-7: 004 092 123 ° 37*79 1811 6*35 306 — 2175 —_ 021 2+38
V-2 005 0°98 1°14 | 37+47 1796 — ] 3°06 1*53 | 2175 — 1 0°20 2°38
V-3 006 1°02 + 1°23 3747 17°99 — 2°G6 2°39 2088 — 0°23 2°43
N-1 0-C4 110 1*05 . 3804 17°82 . — 2*92 —_ 20°00 104 022 2*40
N-3 005 1°00 108 }5 3744 17°93 1 — . 2791 — 20°50 334 022 2°39
S-11 0°16 | 1709~ 1°02 | 37°30 18°47 \ 2°64 | 3°00 | 0°98| 2i°38| 116 | 0°17 | 280
S-2 ! 0°15 | 121 119 36°50 18+17 ; 152 ! 320 1+12 21+88 2°15 017 2°80
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" Table 2. Chemical composition of electrollytically isolated precipitates. ‘

30 35
Nirsrect angie 28 (Mo kar)

Amount of Chemical composition (%)

No. |precipitates :

(wt9%) C Ni Cr W Mo v Co Nb Al Ti
M-3 8°30 2°84 49-24 3492 — 1408 — 4°30 —_ 0°%0 12°51
M-7 896 232 5392 2°13 —_ 2°35 —_ 4°+80 —_ 101 12°92
A-8 11°95 257 55°00 2°25 — 0°99 5*15 — 149 14-01
W-2 8°85 2°68 45°*50 313 099 1°35 — 4420 - — 0°98 12°90
W77 915 310 47+*30 2°57 440 1°38 — 4440 - — 0-87 1338
V-2 875 273 49°32 321 — 1*15 0-60. 4°40 — 099 13°17
V-3 8+97 275 49°00 2°27 —_ 120 3°31 560 —_— 0-92 11°56
N-1 12:04 254 44-81 2+40 1°08 —_ 4+80 465 0+88 1141
N-3 - 1633 2°47 34°75 1°54 — 2°72 —_ 525 14°19 0*85 1086
S-t 13*27 — 1 2*92 -40*75< 1°95 185 154 022 [76"85 797 1127 | 11743
S-2 14°93 303 34°50 1°29 0°52 2°50 0°25 660 10°59 . 128 1030
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Table 3.  X-ray analysis of electrolytically isolated precipitates.
i . .
‘g-phase| Niz(Al-T G L Ti(C-N) |Nbs(C-N)

No. "(7Fe—Cr) (Xl—rich)l) phase pigzz MeC | M2sCo | WC | Mo:C ve ((13 rich) (C4—r1ch)3
M-3 X © (85) x | % X [ O ()| x X X O (10) | x

M-7 e © (85) X iy X X O (5| x O(Tr) X O (10) x

A-8 X © (85) X X P QO (B) | % PX o X O (10) X

W-2 X © (85) X X X | O (5) | O(Tr) X X O (10) | X

W-7 X © (85) k X X X O (5| O(Tr) X X O (10) X

V-2 X ©O (85) X X X O G| x - Ix - O(Tr) O (10) X

V-3 X © (84) | x | x X 10O (5) | x X cO(1) | O (10) | X

N-1, X © (80) | x ' X X | O (5| X X P X O (10) | O (5)
N-3 | X © (75 = x | X x oG | x |Ix X O (10) | O (10).
S-1+ X © (75) X X X 1O (58) | O(Tr)i x . O(Tr)| O (10) O (10)
s-2| x © 75 | x , X X | O (8) | O(Tr)| X | O(Tr)| © (10) | O (10)

Note : @ Present (especially evident), O Present, X Absent.
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Table 4. Chemical composition of electrolytically isolated precipitates.(Specimen M-3)
!Amount of ' Chemical composition (%)
No. Heat treatment precipitates
(wt%) C Ni | Cr Mo | Co | Al Ti
301 1,100°C X1 hW.C. 059 5+33 — — —_ _— — _
296 | 1,150°C x1h 7# 0°50 595 | 3978/ 5°32 | Tr | 4°73 | Tr | 2450
. 306 | 1,200°C xth # 0-37 545 | — — — — — —
246 1,100°C X1 hW.C., 750°C x20h A.C. 8°58 2°92 | 47+76| 4°01 *00 | 4°95 | 097 | 12°83
248 1,150°C Xt hW.C. 4 8°30 2°84 | 49°24| 3°92 | 1*08 | 4*90 | 0*90 | 12*51
250 1,200°C X1 hW.C. ” 8°15 2°58 | 48+08| 3°88 *99 | 5°01 | 0°91 | 12*53
248 1,150°C X1 hW.C., 750°C x20h A.C.‘ 8+30 2°84 | 49°24) 3492 ({*1*08 | 4°90 | 090 | 12°51
252 4 800°C x ” 862 2°87 | 5215/ 3°96 | 1°10| 4°72 | 0°95 | 12°24
254 ” 850°C X 4 4°33 3°61 | 48°44| 4+37 | 091 | 4°51 | 0*74 | 14°80
256 ” 900°C X K% 2+08 5°17 | 43°28] 4*°06 | 0°94 { 4*17 | 0°58 ﬁ 20733
270 1,150°C X1 h'W.C.,750°C x 2h A.C. 7°20 3°37 | 47°66| 4*12 | 1°05 | 514 | 0*84 | 15°42
272 7 4 X10h A.C. 844 2*79 | 50°42| 3°75 | 106 | 4°83 | 0°98 | 12°30
248 4 4 X20h A.C. 8+30 2°84 | 49°24| 392 | 1°08 | 4°90 | 0*90 | 12°51
274 4 v XS0h A.C. 828 2°86 | 49°36[ 3°93 | 1°10 | 4°91 | 0°89 | 12*55
276 7 U X100h A.C. 815 2°99 | 49°65| 4°09 | 1°20 | 4*98 | 087 | 12°84
278 |1,150°C X1h.W.C.,800°C X 2h A.C. 7°75 3°29 | 49°01| 3°90 | 1°t2 | 4°25 | 0*91 | 14-11
280 ” ” X 10h A.C, 8-89 2°78 | 52°56| 3°74 | 1°02 | 4°08 | 1*02 | 12°07
252 v 4 X 20h A.C. 862 2°87 | 52°15 3°96 | 110 | 4°72 | 0°95 | 12*24
282 ” 7 X 50h A.C. 8-57 2*90 | 52°23; 4*08 | 1°21 | 4°65 | 096 | 1210
284 4 4 X100h A.C. 860 2°88 | 51°27| 4°07 | 1°20 | 4*73 | 0°85 | 1247
286 | 1,150°C x1hW.C., 850°C X 2h A.C. 491 3+48 | 45,72| 405 | 0-90 | 4+08 | 0°75 | 14+05
254 #  X20hA.C. 433 3°61 | 48-44] 437 | 0°91 | 4°51 | 0°74 | 14°80
290 f #  X50hA.C. 398 3793 | 42°70) 4725 | 0°99 | 4741 | 0"81 | 14°60
Table 5. X-ray analysis of electrolytically isolated precipitates. (Specimen M-3)
‘ ' o phase [Niz; (Al-Ti) Ti(C-N)
No. Heat treatment (Fe-Cr) | (Al rich) MgC Mo Co (C rich)
301 |1,100°C X1 hW.C. X X X X O (30)
296 [1,150°C X1 hW.C. X X X X O (30)
306 |1,200°C X1 hW.C. X b4 X X O (30)
246 11,100°C xthW.€.,750°C x20h A.C. x © (85) X O (5) O (10)
248 [1,150°C x1hW.C., ” X © (85) O (5) O (10)
250 |1,200°C X1hW.C., 4 X © (85) X O (%) O 10)
248 [1,150°C X1 hW.C.,750°C x20h A.C. x © (85) X O (5) O (10)
252 v 800°C X 4 X © (85) X O (5) O (10)
254 “ 850°C X 4 X © (80) X O (5) O (15
256 4 900°C X v X © (77) X O (3) O (20)
270 [1,150°C X1 hW.C.,750°C x 2h A.C. X © (80) X O (5) O (15)
272 4 v X 10hA.C. X © (85) X O (5) O (10)
248 7 v X 20h A.C. X © (85) X O (5) O (10)
274 7 4 X 50h A.C. X © (85) X O (5) O (10)
276 ” 4 X100h A.C. X © (80) X O (5) O (15)
27g¢ {1,150°C X1 hW.C.,800°C X 2h A.C. e © (80) X O (5) O (15)
280 ” : % X 10hA.C. X © (85) X O (5) O (10)
252 v 4 X 20h A.C. X . © (85) X O (5) | O o)
282 4 7 X 50h A.C. X © (80) X O (5) | O (5)
284 y #  X100h A.C. X O (75) X O (5) | O (0
286 1,150°C X1 hW.C.,850°C X 2h A.C. X © (80) X O (5) O (15)
254 ” 4 X20h A.C. X © (80) e O (5) O (15)
290 4 4 X50h A.C. X O (75) X O (5) O (20)

Note : © Present (especially evident), O Present,
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X Absent.
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