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Effect of Strain Aging on Strengthening of 25Ni Maraging Steel

Containing Co and Mo

Yoshio KaTO, Sen-ichi YAMADA, and Noboru KomaTsu

Synopsis:

In order to strengthen 25Ni maraging steel containing Be, Ti and Al, effects of combined additions
of Co and Mo, and strain aging have been investigated.

For 23.5Ni-9.1C0-5.3M0-0.68Be-0.30Ti-0.25A1 alloy, 295 kg/mm? tensile strength and 1.7%, elonga-
tion are obtained by aging treatment at 450°C for 1 hr after cold working with 649, reduction of area.
Dilation, electrical resistance and specific heat measurements reveal that there is no essential difference
in the aging behavior between conventional aging and strain aging. But precipitation and austenite
reversion can occur in strain aging at a temperature lower than 30°C in conventional aging.
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Table 1. Chemical composition of alloys.  (wt%)

Alloy { Ni | Co | Mo | Be Ti Al Fe

2.6 —| — 0.62’ 0.31 | 0.25 | Bal.

T |23.5]9.1]5.3]0.68 0.30‘ 0.25 | Bal.

* EEFR 52 4R 12 B 28 HZAF (Received Dec. 28, 1977)
B (¥k) B EBRIFERT (Toyota Central Research and Development Laboratories Inc., 2-12 Hisakata

Tenpaku-ku Nagoya 468)

¥Rk (BB HPRFEF TiE (Toydta Cenral Research and Development Laboratories Inc.)
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Fig. 1. Hardness of alloy T and ][ after conven-
tional and strain aging.
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‘Photo: 1. AP;ract‘ure prgﬁle and scal;;ling el;ct‘ronr
micrograph of tensile specimens of alloy
1.
(a) conventionally aged specimen at
450°C for 1h, (b) and ( ¢ ) strain aged
specimen at 450°C for 1h.
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Fig. 3. Relation between tensile strength and notch
tensile strength of alloy | after conven-
tional and stnain aging.
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Photo. 2. Appearance and fractograph of notched tensile specimens of alloy T.
(a) and (b) conventionally aged specimen at 475°C for 1h
(c) and (d) strain aged specimen at 425°C for 1h
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Fig. 4. Changes in dilation, electrical resistance and
specific heat during heat.
(a) specimen of alloy I after solution
treatment
b) cold worked specimen of alloy ]
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treatment
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Fig. 5. Specific heat versus temperature curves.
(a) conventionally aged specimens of
alloy T
(b) strain aged specimens of alloy I
(c¢) conventionally aged specimens of

alloy T[
(d) strain aged specimens of alloy II
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Fig. 6. Kinetic analysis from specific heat versus
temperature curves in Fig. 4.
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Photo. 3. X ray diffraction profiles.
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Photo. 4. Transmission electron micrographs and electron diffraction patterns after conventional

and strain aging of alloy JT.
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Fig. 7. Harduess changes by isothermal aging.

BRI ABIIER S DB 5 BT, NiBe DO
WAFLELTWE EFH 2z bs. Fig. 7REERZ) L2
BEOWIZLER LD TARE], TLdiz CA
T SA Hok{bifms A E <, %/, Photo. 3
R Uiz X BEHTRER»Sd SA MTXDy v — 77
NiBe QOEBIENRHONIC L EBEH LD L, TEH
NiBe OEEAZREIE TV LEETES.

wic, G4&I10EERTRDONE2 OIG, T4
b b 500~600°C DIFERIZ DV Tix Fig. 6 1R L7
BrSEET S L, BHRLLEY, TEMEDITLDORE
B S OTEMIL = F v ¥ —1% 65kcal/ mol T, ZODfE
13 aFe TCOEMRMEETTHROIAEIOIER L= 2V F
— LRABEDETHY, Co, Mo ZEHEERVEETID
BACED LN EnbhesA Co, Mo 0L
LIREEREZE2 bhb. ZORSNEFEIC L D 1RE
X, BIEAE, HIEHCE X OB OB b T AR LB
L vfy 25°CIRIRCRRD b,

600~750°C T H BN B 3 ORBT G, WEREA
— 25754 FOERICERTZ2HDTHA 5.

PR RLIES5KAEe ], T bk, BRENR
7 SEShEEE TR, CAME SA MICREIES
CARBHREVIEIR <, ke LT SA MIChTHZEEH D
RSB, GA #f, SA #&dic Co, Mo %4
T84 TIE, 280~500°C A SNAE | ORIEORRE
B4 T OM21ETHY, 500~600°C THETITH

%h U7 AT AN 2 B UK N EE & R SRRk BE DIRAE
THHRATH 2R, ERFILAD DX 450°C 1h K
BColEsRE 295 kg/ mm?, RO 1.79% M5 54, B
mE7F« > P cdHork.

(3) &4 1 BICI ORIV THEE & O
ORRE 25 &, F—EEIC >V TESE | TIETEaE
hialps, Co, Mo % &ies4: I Clk BERNAIIK & v
RO R L.

(4) JSHERRK 10 © LBE0E4 [ oYKy
ETR VX, BHCLIER R Lic & O TIE 55RMm S 2%
120 kg/ mm? %, ZEM%h L7zd O Tk 160 kg/ mm? %
Bz b KT LIELD, PEICXVEIRGIEARIMET
Lk Lo 55aE 25 40 kg/ mm? EF L/

(5) WEhEfEz BLARYD HEIE 2 OMET 35 &,
&4 11k 300~500°C (85 1 L&) & 580~650°C (i
3 OFIE) B b, Co, Mo Z2ETLefH4:1 T
13 280~500°C (35 1 D), 500~600°C (352 DK
&) B X0 600~750°C (353 DRE) D 3 DD Lo
Hohtz. &4 1, NEHiE ]l MG TRTEDHE
X DFEEBR NI DRN, B2, B3I ORISIET
BrRIMz 72D OBRLPEEB TRD v/,
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