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Correlation between Age-Hardenability and Precipitation Process
of the Austenitic Fe-Co-Cr-Ni Base Heat-Resisting Alloys.
(Studies on 'tempering' process of the austenitic heat-resisting alloys—VII)

Tsuyoshi MASUMOTO

Synopsis:

The present investigation aims at establishing the correla’uon between the age-hardening

behaviour and the process of precipitation in austenitic age-hardenable Fe-Co-Cr-Ni base
alloys, in order to obtain a useful information on the precipitation strengthening. In several
stages of aging, measurements of mechanical properties and X-ray analysis of prec1p1tates
were made and microstructures were observed by means of the optical and electron micro—-
~scopes. -The results may be summarized as follows: .

The age-hardenability and the behaviour and dispersion characteristic of pre01p1tates are
markedly affected by the minor additional elements such as Mo, W, Cb and N. The precipitates:
detected by X-ray analysis are CbC or Cb(C,N), M33Cs, McC, # and Laves phases, among
which Mz;Cs and = phase play the main role in the age- hardening.

There are two types of hardenmg, that is, one-stepped and two- sfepped hardening. The.

former is observed in alloys with only one phase of either MyCs or -7 as precipitate, the
degree of hardening being principally affected by the volume fraction of the precipitates
rather than the properties. of precipitates. On the other hand, the two-stepped hardening is
remarkable in alloys containing simultaneously Mo, W and N, and it is related with the
transition of precipitates from Mngs to z. The mechanical properties of these’ alloys are
-superior to those of single phase precipitation hardening alloys. Such high precipitation
strengthening seems to be induced by favorably combined dispersion of MyCs and = phases.

(Received 4 Mar. 1963)
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Taﬁle 1. Chemical compositions of alloys used in present work.
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of Designation ; : - :
alloys : C ‘N Cr Co Ni Mo w Ch Fe
1 A-O 0°11 0°011 | 19°87 | 19°75 | 20°10| — — — ‘Bal.
2 A-Cb 0°13 0°012 2071 1964 20°01 — — 0°92 7
3 A-N 0*15 | 0+085 19°76 { 20°26 20°00 — —_ — 4
4 A-Cb-N 0°17 0°080 19+75 1990 20°11 L —_ tet0 | 7
5 B-O 0°15 0°015 19°23 2024 2052 3°83 2°56 —_ 4
6 - B-Cb 0°15 | 0°008 | 19°21 | 20°37 | 19°79 | 3°25 | 290 | 0°76 v
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Thb. — :
= 124 - > ~ 3 - . 1
II. SERELOERAE w ww‘l 30
ARV 72& 413 Table 1 WRT 9T, L@ 260 - ' N\ 1 200 -
. . N S YA =10 TS N &
£405% No.l 55 No.4 iﬁ@m&vinaﬂ;Afﬁ o0 RS\ o & |
3 Fe-Co-Cr-Ni-C %&4&, *7/2 No.5 »»b No.9 s . iy \\ 0
% TCI3EE B ThR3Fe-Co-Cr-Ni-C-Mo-W %44 7% SN 8
. ' e ek 1 00—t o 200 S
ThHb. HEREITNTRARTH) Skg BREERL ST v N S
fo. BROWMCIERE-BEET v s v sher o WF R I
R L. AR 40mm AICHRAR: 12mm WEON & VLTS S
BEORBTEIFL, i BFTE OR KR DIL pgﬁygg@”wgwwi@%ﬁﬂ 3001
7. ERRBRAIE 1300°C T 30mn FEA{CAAERTIG L Q20 DT g 260-
T e OERECHHL TECROER TR T 5w ]
b B ERAR CIIRIEIC B 5 EE, WEER (UR T .
7y Fyxove—), SIEREHE GABTHR: Smm B, o ]
T e Y > X o 7 Jea — . .
7 —oEX 30mm), X 700°C KkiFbs Y —7 90 s
CwTRE GBI Tmm BE, - YRS 30mm) : :
oy 2 = o o ) 180% P Far e Nol/ o No.5 xNo.9
%Efﬂ’{, it*ﬁtﬂ$ﬁ® ég‘] %gﬁ&%ﬁ%ﬁfﬁt Debye" /(;OL,"/ ::"./ - No:2 o No:ﬁ '
Scherrer EiC X5 X#HEF (Cr 53X Cu & =4y 0.!.‘—::::::'—"4/ v %431 v %Lg
s . y Ly s s o AH 7z it 750° i ' )
b), s X CERFEHEC LS T 4 0 MRS oLt 5o fpsom
fTlgofc. kB RO FEIX 10% EER/K IS S ST 07 00 w0 0*  10° 1%

A 9ing time

Hardness-time curves during aging
at 750°C (a) and the values of
maximum hardness at various aging
temperatures (b).
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Table 2. Summary of precipitates and their transition during aging.
q—‘ - - ) ) . -
é 2 % Desig- Precipitated phases during aging Transition of precipitates during
g o= | nation CbC or |Laves aging
g W MisCo 7 | MsC |04(C,N) |phase
1 |A-0 o | —| — — — [MasCo
5 A ¢ ; ' | ‘ 7 MgsCe+ (Laves) : <<850°C
2 |A-Chb o* _ OF | 07 MaCol, \ e L OhCsMusCort CHC+ (Laves) : >850°C
3 |A-N o*¥ | — | — — — Mg3Cs
~Ch- * — . . /" MsCe: <<850°C .
4 |A-Cb-N| o of T MasCol MyyCot Cb (C, N) : >850°C
5 B-O O* —_— —_ — ’ 0 Mg Cg—>M33Ce+Laves
N o . /' M2sCe+Laves+ (MgC) : <<850°C
6 |B-Cb | o* 0 OF | 0 MuCol N,iCo + ChC>ChCH MsC ot Laves: >850°C
7 B-N o* o* —_ — 0 - -M23CG——>M2306“|‘ 7w — 7 +M23Cs+ Laves ( Y o
O % . 7 MosCe+ n—n+Laves+ (MgC) + (M23Cs) : <850°C
8 |B-Cb-N| 0% | o*| 0 o% 0 M2Col MyyCo-+ >+ ChIC, N)F Laves+ (MiCf: >850°C
9 |H-N' — | O¥ — —_ — |r

Remarks; O----- Phase identified by X-ray analysis
Feeenne Phase contributing to hardening
ﬁ-'f---Remaining phase after solution-treatment

Table 3. Results of X-ray analysis of residues separated from alloys aged
at 750°C for 1000 h.
Number of Dosignation Lattic¢ parameters (A) and abundances
alloys CbCor Cb(C,N) Mz;Cq M,C T Laves phase
f.c.c. f.c.c. f.c.c. f.c.c ~h.c.p.
1 A-O — 10°54 (a) — — —
2 A-Cb 442 (a) 10°58 (m) — — ? (tr)
3 A-N . — 10°55 (a) — — —
4 A-Cb-N 4+43 (a) 10°57 (m) — — —
.5 B-O . — 10°64 (a) — — ? (r)
6 B-Cb ? 10°65 (a) — — {20275 (mr)
7 B-N' — 10°67 (m) — 10°78 (a) ? (r)
8 B-Cb-N 440 (1) 10°64 (r) | 1108 (r) | 10°83.(a) {g‘)’:?:% (m)
2 B-N' L — —_— 10°75 (&) | o —
Remarks: a---,---Abundant' Meeeens Medlum, T oeeeee Rare; tre---.- Trace
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Fig. 2. Relations between the precipitated
phases and the changes of hardness
during aging for alloys Nos. 1~9.
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. 5; ed at 750°C for 1'5 h
(b) No. 6; Aged at 750°C for 2 h

(c¢) No. 7; Aged at 750°C for 10 h
(d) No. 8; Aged at 750°C for 48 h

Photo. 1. Optical microstructures of alloys Nos.
5~8 at early stages of aging at 750°C
after solution- treated at 1300°C for 30
mn. (Etched electrolytically in 10%
chromic acid; X500
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Photo.2. Optical microstructures of alloys Nos.
5~8 aged for 1000 h at 750°C after

© solution-treated at 1300°C for 30
mn. (Etched with acidic cupric

chloride solution; X200
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. 3. Charges of mechanical properties of alloys, measured
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- Alloy No.5 Alloy No.8
(B-N) (B-Cb-N)

(a

(b
(e)

C(a)

(e)

()

(a) As solution-treated

(b) Aged for 10 h at 750°C
(c) Aged for 80 h at 750°C
(d) Aged for 250°C h at 750°C
(e) Aged for 500°C h at - 750°C
(£) Aged for 1000°C h at 750°C

Photo.3. Aspects of fractured surface broken
in the tensile test at room temperature
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Results of creep-rupture test at 700°C for alloys Nos. 5, 7, 8

and 9 aged at 750°C for various lengths of time.

Creep-rupture at 700°C under-28'6 kg /mm?

Heat treatment Rupture time (h) - Elongation (%25)

No. 5 | No. No. 8 | No. 9 | No. 5 | No. 7 No. 8 | No. 9

As solution-treated ‘
(1300°C X 30mn—>0il quench) 6°2 22°7 295 21°3 3°8 9°1 79 112
Aged for 750°C X 50h —Air cool. 127°*5 650 110°0 29°5. 9°1 84 12°6 7°7
- Aged for 750°C x 188h —Air cool. 68°7 1350 194°0 282 26 ' 14°9 158 92
Aged for 750°C X 500h —Air cool. 57+3 | 111*0 7} 201°3 392 32°1 136 17°0 90
Aged for 750°C XlOOOh-—)Alr cool. 487 272°2 129°5 33°0 29°0 23°7 19°1 126




oo Bk X 8 49 & (1963) M8

Aé@ﬁ#,mm%ﬁr%;&#ﬁ@@m@m%#ﬁ%
W RIS 5.

5. %ﬁ@ﬁ%%iM?éﬁ%momr®%§
o ux@i%ﬁ®%%ﬁ>5 Fe-Co-Cr-Ni #4& 4 OR%)
@%%K%ﬁféﬁ%ﬁﬁ@ﬁfé6&vzé.
?‘tc:b?‘o . :

(a) #MBTE Mo, W, N, C

T (b) ’Fﬁr’:ﬂ%'.""'Mmce R, =8

(¢) HFHARDER Mg C o n

—RTHT R F 58 L7, Wbhd 5 S EEab a4
WEERRORTFC X 0 R Xh 5 LEZDBN5.

(L) "R oaEle: my-tek, RTRirEm, Sk

F OHIT R B R R, foc'.k“
(2) WMTHZOWE: %/ﬁ
o rE
(w.lwaﬁ%ﬁ@ﬁﬁ%& %ﬁlzw#~
coherency, 7’1&_

- ik @iv&ﬁﬁb%ﬁﬁ@m;%;m?ﬁm
”%,ﬁ$M®@ﬁ,ﬁmm@ﬁﬁéﬁ%damﬁ%t
V. Table 5 3 750°C T 1000h KL 7ot de DI

ﬁgyﬁg,%ﬁ

PR, WHMEOEE S X OER, EROTEsEY

Lt%%%%?~cw%h5ﬁ&ﬁﬁﬂ~mf@5%A
TExMbE, Hi-Ho OESELS LoD B
#5?AL&A@@%§%§MT%§ HRFIE ESEo

HDO5H (2) BIT (3) IDBLS (1) Tho

5. Fig. 413 750°C T 1000h B3 L & D& Ed D
BLRE (H-Ho) LITHEOKEE (fifo) o B
ZANT. T T Ho i3 LAATE L 7ol OBEE, Hy 13
EOBRR LB OBELFL, T2 foB L0 fild
WA LA 3 X ORI O M DR 2 . 7

Table 5.

DEELLETH 5.

8

o Alloy hardened by
precipitation of Mes (e

80 T
. Aged at 780°C for[000h
70— 7
~ 798 57
£ . /°
L 60F A
3 3 -
- s 5
.§'50 y 2 8.
< ' @9 7/
Fa 4 7
g 0L 02 //
& =
© yd 1~9 % Numbers of alloys
=
S

21 © : Alloy hardened by o Alloy hardened by
precipitation of 7 precipifation of MesCs
! ] ’ . a/:d ™ i
/00 ] 2 é . 4 5
' Volume fraction of precipitates, ( fi: fo)
Fig. 4. Relation between the degree of
"~ hardening and the volume fraction of
préecipitates.on aging.
Hy, fo-e e - As solution-treated
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Summary of results on the degree of hardening, precipitates contributing to

age-hardening, their transition, and mlcro—structure after agmg at 750°C

for 1000 hours.

Number s Hardness, DPN Precipitate | Transition of
Desig . A A ot v e
_Pf nation T i contributing prcc1p1uaues wv10a€ 01 rrecipitation
alloys H, H; H;-H, | to hardening| during aging . :
1 A-O 150 - 200 50 Mg Cy — Localized (weak); Type I
2 A-Cb 143 195 52 23Cg — Localized (weak); Type I
3 |A-N 162 | 252 90 M;C - Lobahzed(vigi) Type I
4 |A-Cb-N 188 249 . 61 M3 Co — Localized (weak); Type I
5 B-O 182 290 108 My3Co — Localized(strong); Type. I
6 B-Cb 180 260 80 Mz3Cs — Localized (strong); Type I
7 B-N 182 290 108 | (Mg5Cy), = Mg Ce—> Homogeneous; Type 1
8 B-Cb-N 187 300 - 113 (Ma3Cy), Mz Ce—>rn - Homogeneous; Txpe I
9 B-N’ 193 262 . 69 P e : — Localized (mild); Type I

H, : Hardness after solution-treatment
H; : Hardness after aging at 750°C for 1000 hours

— 56
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