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Study on Aging Processes of Maraging Steels by Internal Friction

Measurement

Synopsis:

Haruki SHIRAISHI and Toru ARAKI

The maraging reactions of Fe-Ni-Cr ternary and Fe-Ni-Cr-Co quaternary alloys with and without
19% Nb addition are studied by measuring internal friction and relative shear modulus during isothermal
anneal in the temperature range between 300°C and 600°C for 5 to 10000 min.

The results are summarized as follows.

1) Several stages of internal friction and relative shear modulus changes are found and related to

the following processes.

I,; carbide precipitation, I,; short range ordering, I3, Gy, and I,; precipita-

tion and resolution of Nb containing metastable phase, Gg; clustering of Cr atoms, Iy and Gy;

austenite formation, Iy and G,; recrystallization of formed austenite.

The simple TTT diagrams which

give the beginning and end of the aging reactions are proposed.
2) Nb addition prevents the short range ordering in base alloys.
3) Nb containing metastable phase precipitates at temperatures lower than 450°C and this phase

resolves between 400°C and 500°C.

4) The clustering of Cr atoms occurs in all samples, even in the alloy containing only 3.52,Cr.
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PIEREEE 5 X CHIER OMIEIC I Ke BIONER YR Y
RFEEZ AV, REE 0.2~0.8cps, HRPE@MOHEK
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BOFHIIHBRREDPAREL THLEHCETTE 5.

Table 1. Chemical composition of maraging steels studied (wt %) and experimental procedures.

C ! Ni Cr Co Nb P s
NG-1 0.010 16.13 3.47 0.001 0.007
NC-5 0.010 | 16.00 3.42 0.91
CN-5 0.010 | 8.73 13.91 1.08
CNGC-1 0.003 6.52 11.53 5.63 0.001 0.009
CNC-2 5.91 12.79 5.43 0.99
H 0.004 4.15 24,31 1.10 0.001 0.011

Frequency of measurement 0.2~.0.8 cps
Maximum strain amplitude at specimen surface (4~8)x10-35
Applied magnetic field 150 Oe

(800C lhr—»WQ)) in evacuated silica tube—>Subzero treatment
(—80C for more than 1 day)—sisothermal aging
Ke type inverted torsion pendulum method
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T DITIRBIEZ K LTVv5. ZoBA0RIERE L +
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EET XD L BEMECBEAITEIERMZ 5 E
L ERBDT, FHEWEFLEL, £0.5% LIREEX LN
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Fig. 1. Temperature dependence of internal fric-
tion and shear modulus of 3 marage
steels.
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Fig. 2. Change of internal friction of NC-1 sample
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during isothermal maraging.
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Fig. 4. Change of internal friction of NC-5 sample
during isothermal maraging.
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Fig. 5. Change of relative shear modulus of H
sample during isothermal maraging.
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Fig. 6. Reversion of internal friction and relative
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Fig. 7. TTT diagram of NC-1 sample.
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