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As Aged Structures of the Gamma Type Fe- Co—Cr Ni Base
' Heat-Resisting “Alloy and Correlation between the
as- A%ed Structures and the Mechanical Propertles.

(Stud1es on tempering process of 7-type heat-re51st1ng alloys—V)
Yanoshin IMAI and Tsuyoshi MasuMoTO

Synopsis: :

The as-aged structures of an Fe- Co Cr-Ni base heat-resisting alloy LCN-155 were examined
by metallographic methods—both optical and electronic.’ Mechanical propert1es at rooms
temperature were then measured ‘and correlated with the as-aged mlcrostructure

The experimental results obtained were as follows:

In a lower-temperature or shorter-time aging, first of all, MssCs carbide preclpltated at the

, 8rain boundaries, resultmg in a marked decrease in ductility and there followed formatiomn

of very fine nuclei of My3Ce¢ along the cleavage planes within matrix, resulting in a progressive
increase of strength and hardness. But in a higher temperature or longer time aging, the
dispersion state of the intragranular precipitates which correlated with the mechanicak
properties ‘was affected with the transition of precipitates. -With an alloy which only one-
phase (Mz3Cs) precipitated, the intragranular precipitates grew along .the cleavage planes
and it showed a continﬁous ‘localized structure. However, with an _alloy in which two more
phases (Mj3Cs and X phase) precipitated and transfered from one phase to another (Mngr%
X phase) during aging, the cleavage precipitates was redistributed due to. the carbide reac-
tion and it showed a- continuous (homogeneous) structure. It was concluded that this redis-
trlbutlon of preC1p1tates due to carblde reaction would cause excellent mechanical properties..
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Chemical compositions.

. o Téb'le 1.

Number Elements (weight %) .
of : - - - , ‘ :
specimens Cr - Ni Co C - . N . | Mo |, w ~ Cb Fe
1 19°87 2010 1975 0°11 0*011 — — — Bal
2 20°71 20°01 S 1964 013 0012 — —_— . 092 4
3 1976 “20°00 20°26 0°15 0°085 — — — V4
4 19+75 2011 1990 017 0°080 — -— 1*10 4
5 19°23 2052 1024 015 0°015 3°83 256 —_ 4
6 1921 - 19°79 20037 015 0°008 325 2°90 0°76 7
- 7 20°09 | " 19°74 1992 0°14 © 0°068 3°75 . 2°54 — V4
8 19+63 20°24 19°93 0°15 0*060 322 2°52 -0°90 4
Table 2. Selected etching reagents for heat-resisting alloys.

Etching conditions

Etching reagent

Cold state Warm state

Mixed amds glycerol solu. Attacked vigorously ‘ R

w0l Carbides in relief. Attacked | Attacked 7
g Cupric chloride mixed acid solu.  MiC, X faster than MasCs Carbides in relief
| Acid ferric-chloride solu. :| Carbides in relief - =t —
"'5,: | Ferri-cyanide acid solu. 4 , , —
o Hydro-chloric and picric acid solu. A&;c:gked for longer etching -
) g ’Cup'ric chloric magnesium chloride’| Carbides in relief , - o
solu. ) - -
Cupric chloride ammonium solu. 4 - , —

Hydro- ﬂU.OI'IC acid solu. Carbides in relief slightly

Hydro-chlorlde alcohol solu. Attacked 7 and carbides

| Chromic acid solu.’ R Y : R
Oxalic acid solu. : V —_
ot Fastly attacked 7 and later o
Chromic staln etch | " carbides _ —
Alkalirie-‘pérfhanganaté.so_lu. No effect Stained carbides (MGC X)

. except M23Cs
Séf‘{lcne%% iz.;%:ies (MsC, X) Stained slightly MzsCs

Stained shghtly carbides : o
(MsC, X)

Stained carbides (M.C,X), .
but slightly M:;Ce.

No effect : : ‘ —

Ferri-cyanide alkaline solu.

,'Ammyonia perhydro-oxide solu.

Permanganate ammonia -solu.

Alkaline solutions |Electrolytes|

‘Alkaline picric acid
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- 1300°CX0*5h W. Q.,
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¢) No.7: 750°C x10h.
d) No.8: 750°C x48h.
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Photo. 4. Microstructures of intra-gra'nular
precipitation of No.5 and No.8 as aged
at 750°C for 1000 h after solution treatment.
(Etched electrolytically in cupric acid.)
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Photo. 6. Shapes of precipitates in electroly-
tically extracted ' residues from No 5 and
No. 8 as aged at 750°C.
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