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Age-Hardening Characteristics of Nickel-Base
Heat-Resisting alloys

(Studies on Nickel-Base Heat-Resisting Alloys—1I)

Synopsis:

Taro Hasegawa

Age hardening characteristics of nickel-base heat-resisting allovs were studied comparing

with carbide precipitation type heat-resisting alloys.

Age-hardening' of nickel-base heat-

resisting alloys is-much faster and more remarkable than carbide-precipitation-type alloys.
Hardness after aging is above B.H.N. 300 within 10 hours at 750°C, though solution-treated

hardness is below B.H.N. 230. Maximum aging hardness is attained at 750°C, and above this

aging temperature the coaguration of precipitates becomes remarkable and aging hardness

falls down.

As the amount of Ti, Al and Nb increases, hardness after aging or solution-treatment

increases.

Addition of Mo increases aging-hardness of Ni-Cr-Co alloys, though it does not

affect to Ni-Cr alloys. Co, also, does not affect the,hardness after aging or solution-treatment.
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Table 1. Chemical compositions of materials investigated on age-hardening characteristics.

Alloy Symbol: C | Si {Mn! P | S | Cr| Ni | Co| Mo| Nb | Ti | Al
1 . [l
Nimonic. 80A | A43 . 0705 | 0°23 | 0°27 | 0+005| 0+005; 19*61f 72°48| 259 | — | — |2‘18 1°25
Inconel X-550 | AS57 ,0°06|0°21 | 0°21 | 0*010| 0*006, 15.11| 78°58] — — | 122 (218|121
Inco 739 \ A59 | 0%05 | 0°21 | 0°25 | 0°009| 0°006| 15°16| 76°58 — | 3°19 | — l 1°92 | 2+85
Nimonic 90 N33 | 0-05 | 0*21 | 0°36 | 0°012| 0°005, 20°36| 56°81| 18°09] — — 1248|153
M 252 ' N21 - 011 | 042 [ 0+35 | 0-008| 0-005| 19.27| 55-76| 10°81] 9°37 | — 12790 | 0°93
Inco 700 N34 ;0°05|0°22|0°31 | 0013 o-ooeﬁ 15729 48°03] 28°59| 3°07 | — 1 2°01 | 2-78
i i . !
Table 2. Chemical compositions of Ni-Cr alloys tested
Alloy Symbol| € | Si [Mn| P | S |Cr | Ni | Co|Mo|Nb|Ti| al | Melting
Nimonic 80A A18 | 004 065 0+500-00200-007120°47|7a-81] — | — | — | 2-66| 059] Air melt
v | A19 |0°04 059 0-470'00330-01220-8674-43 — | — | — | 264 038 ”
” .| A22 | 0°06! 0°54| 0°620°004.0°008/20°61(72°40; — | — ' — | 2°40['2°75 v
” A23 | 0+04 053 0°59(0°0030°012121*0574*18] — | — | — | 2+08 0°40 ”
7 A24 | 0°07) 0°62| 0°670*003(0°00620°70172+99] — | — | — | 1*50| 283 4
” ‘A26 | 0°07) 0°60| 0*55/0°004/0°00520*61[71°50; — | — | — | 1-60| 4°13 ”
7 A33 | 0°05| 0°27| 0+35/0.002/0*004[20°73(75°83 — | — | — | 2-14]{ 1*13 4
SN A43 | 0°05 0°23) 0+27/0*0050°005/19°61/72°48| 2°59] — | — | 2°18 1+25Vacuum melt
Tnconel X A27 | 006 0°62| 0°59/0.0030+01020°4772:40| — | — | 0°63| 2°60| 265/ Air melt
Z A28 | 0.04) 0°6i| 0°560°0030°013121°01(74*48] — | — | 0°66| 2°47| 0*50 ”
y A29 | 0°06) 0-64| 0°62(0°0040°01020°65[72+99| — { - | 0°67| 168 265 7y
7 A30 | 0:04) 0°56| 0°65(0°0030°01020°92/74°48| — | — | 069 166/ 0°51 ”
o A3l | 0-08] 0-6l 0-680-006]0-010120-4772-09 — | — | 0%63| 157} 4+60 4 -
Inconel X-550 AS57 | 0.06| 0°21] 0°21/0*0100°010,15*11|78°58| — 1+22 2+18] 1-21{Vacuum melt
Inco 739 AS59 | 0-08| 0°21 0'250'00910'006‘15’1676'58 — 1319 — | 1°92| 2°85 ”
. Table 3. Chemical compositions of Ni-Cr-Co alloys tested.
Alloy [Symbol| C | Si |'Mn| P | S |Ccr [ Ni | Co| Mo | Ti| Al > Melting
Nimonic 90, NIl |'0°06 | 0755 | 0°58 | 0-003| 0016 20°51| 5362} 17°91| — 1. 2°30 | 2°83 | Air melt
4 N12 | 0°04 | 0*52 | 056 | 0*003| 0*01C| 20°87| -54°52| 1824 — | 2+43 | 0°44 ”
# | NI13 {005 | 0°59 | 0°60 | 0+003| 0*010| 20°51| 54°52| 17+55| — | 1°66 | 2°68 v
4 N14 | 0°04 | 0°51 | 0°63 | 0°003| 0*006| 21°04| 55°71| 17°84] — | 1°60 | 0°40 4
% N15 007 | 0*52 | 059 | 0°007| 0°006| 20°24| 53°92) 17*11; — | 149 | 4°06 ”
v . N33 | 0°05 | 021 | 0°36 | 0°012| 0°Q05| 20°36, 56°81| 1809, — | 2-48 | 1°53 ”
M252 "N21 | 0-11 | 042 | 0°35 | 0°008| 0°005| 19-27| 55°76! 10°81] 9.37 | 2+98 | 0°81 | Vacuum melt
4 N22 | 0*12 | 0*26 | 0°33 | 0-007, 0*007| 19°18 5581} 11°83 9+07 | 2.54 | 1°17 ”
” ‘N35 | 0°16 | 027 | 0°28 | 0*012 0°007| 19-05 55°95| 10°25| 990 | 2+94 | 123 ”
Inco 700 | "N23 | 0°04 | 022 | 0°21 | 0*007| 0-008| 15°25| 49°00| 27°56| 2.89 | 175 | 2°75 ”
” N24 |0°05 | 022 | 031 | 0013 0+006| 15°29| 48+03| 28+59| 3+07 | 2-0l | 2-78 7
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Table 4. Effeét 6f cooling rate after solution-treatment on hardness of N1 base alloys.
Brme]t hardness s
oys* Symbol : e o — Solution-treatment
Alloys ymBo ‘Water cooling Air cooling olutt '
after 8ol. treatmentlafter sol. treatiment
Nimonic 80A A2 | 233 L 287 1065°C X 8 h
Nimonic 80A A33 - 165" o 1065°C ><8h
Inconel X A29 ’ 223 296 ) 1065°C><8h
S . . ) . M
Nimonic 90 Ni1 236 287 i 1065°C><8h
[ ' 1065°CX8h Water cooling)
M2s2 ‘N_18 i 222 286 "1065°C X 4h (Air cooling)

*Specimens tested are 15mm in dia. and 12mm in 1ength.
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Factors Controlling the Graphitization ét Subcritical
Temperature of High Carbon Steel (Part—2)
(Study on the graphitization of high.cérbon.steel—fl)

Naomichi Yamanaka, Dvy. Eng. and Kunio Kusaka

S'ynopsis : . ,

" The authors studied other factors controlling the graphitization of high carbon steel at

subcritical temperature in sequence of the first report

(Tetsu-to-Hagané Vol. 44, No. 10 p

1180). The results obtained were as follow: .

'(1) Cold deformation had an accelerating effect on graphitization and compressive forces

were as effective as the tensile strength.in promoting graphite formation.

(2) The heating at 870°C and furnace cooling after cold drawing inhibited markedly the

graphitization on subsequent heating at 650°C.

(3) Hydrogen, when used as annealing atmosphere at 650°C, had a stabilizing effect on

the carbide and inhibited graphite formation. Nitrogen atmosphere and vacuum had no effect
of stabilizing carbide. ’

Cast iron chips used as packing material caused a less graphitization than nitrogen

atmosphere or vacuum.
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