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Synopsis :

When the conventional thermomechanical treatment (TMT) was applied to the I10Ni-18Co-14Mo
maraging steel, the austenite grain was refined to below 104 but the precipitation in austenite could
not be suppressed, thus resulting in the rather lower strength. This study has been conducted to achieve
the nominal 350kgf/mm? tensile strength by optimizing the thermomechanical processing variables and
by modifying the chemical composition of the steel. In order to obtain the microstructure with fine
grain and no coarse precipitates formed in austenite, the special thermomechanical treatment (STMT)
has been developed. STMT consisted of multipass rolling from the solution treatment temperature to
1 000°C, interrupting the rolling and air cooling to the temperature which is below the nose temperature
of precipitation start curve and just above the recrystallization temperature, re-rolling quickly by
sufficient amount of reduction, and quenching below room temperature. This interrupted rolling is
essential to suppress the strain-induced precipitation. When STMT was applied to two steels, the
nominal microstructure was not obtained for the 10Ni-18Co-14Mo steel but was successfully obtained
for the 10Ni-18Co-12Mo-1Ti steel. It is, however, essential to choice the correct re-rolling temperature
and to employ the adequate amount of reduction, and by optimizing these rolling conditions, the tensile

strength of 363kgf/mm? was achieved in the 10Ni-18Co-12Mo-1Ti maraging steel.
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Table 1. Chemical composition of steels used (wt%)

Steel C ] Si ’ Mn ‘ P s ] Ni ‘ Co 1 Mo ] Ti ’ Al ‘ Fe
10Ni-18Co-14Mo 0.003 | 0.008 ‘ 0.010 l <0.003 ] <0.005 ‘ 10.16 ’ 17.33 ] 14.07 [ 0.17 | 0.052 ] Bal.
10Ni-18Co-12Mo-ITi | 0.005 | 0.007 ‘ 0.010 [ 0.006 ] <0.005 ‘ 9.90 [ 18.27 ‘ 11.74 ’ 1.10 ] 0.020 | Bal.
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Fig. 1. Schematic time-temperature-deformation
profile for STMT.

Ao —A% R LI 3D THA. Thbb, RAE%E
1250°C 2 in® L% 1200°C 7 HELES LA L, 1000
°C RE LRSS CEERHIF LTESTA. £LT,
RB OB FTHBBIMERED ) — ABELTFT LA H
HREEE FoBECE L ATEEXHEHL, T
R FTEDITE 2N, M X SR
bEF =27 3+ -2 IHPBELAXNE T A ThH
5.
T, ¥FTHEBHEEY 80°C —F LTHE
[EER O TE OB T/~ FOB, FHEEROM
TR 0% (1000°C Ll EomL% &k 8 TE 71
%), 52% (IF 86%), 69% (I 91%) » 3 K#Ew (b
e, kB BT ok TMT ik, 1200°C
e 900°C o EEEFE%Y 30mm i 8.5 11
mm -~ EEEET L EEA F 2 o — %AV, BT
B 86% ThD.

wic, FEFRBEOHE LR L. L0k, ST-
MT OFEFEEROINTEIL 69% GRINITE 91%) &—
i LT, FIEFEBIERE 2 900, 850, 830°C o 3 K#eic
g, Zh bOERNTEMEC B\ TEEF D
EENER, EEERTEHVCERS e — A2 BB %K
DARATED F TOMIITY, EELPE LES LTV
HELEERNES Lish bitg L, RoRES Lo
FIEEBRE CE LS CTHEEXEM L, TiE0<m
EOMTERXMZ, &THREBICKPEANRLD T,
HEEKTERERRIET S Z L TE ok, ik, &
DOHEETHE D T 727 TMT 11 STMT &M
TECHiZ D79, 1200°C 55 800°C iR FEEEIFH %
30mm 55 10 .22 T 10mm ¢ ~FEFFELET 2 FIE
Ao — ARG
2.3 B|EEBR

FIRRBRIIL T HERS 2.7 mm, L HIERE 16 mm
OHERBR A& AT, HEInTOBEOERESY 03 o
=2 ) —#ECERELRE, 500°C ¢ 3h oV AR
hi B A L, 8 LBEKEY B = 2 ) —fK
ThZE L. 5IEERBRIE, HZEf 200°C € 24h O
KEMEE, KEHCcE L LT 10mm/min O 5 [5EEE
TPz, n3s, BIERBRC IS\ CHERIEF OB CRT



350 kgf/ mm? f<1 = — VHOBKEMITALEIZ X 5 EEEL 985

Fe-10Ni-18Co-14Mo
Photo. 1.

Fe-10Ni-18Co-12Mo-1Ti

Optical micrographs observed in two steels during STMT with (a, b) 0%

reduction and (¢, d) 529 reduction below 850°C.

Photo. 2. Transmission electron micrographs observed in 10Ni-18Co-12Mo-1Ti steel after
STMT with (a) 529 reduction and (b) 69% reduction below 850°C.

HORET AR LB, Ko rMETH ENTER
0t FoT, BIERBROME-EMEE SELAE
DHOERD, £fO0E2HH LU CEROBRE L.

3. RBERBIUEER

3.1 BBHBNTHNIB(CKZHEGHRE

Photo. 1 i3, 45ZkIn &R K125 EIEBEHERE
7% 850°C ¢, FIFEEFOMTEMN ORI 52% Dl
SRR o [ JE 5 M)V T £ T R T D Y P B B R AR L

LD TH5H. 14 Mo @DFIA— AT 71 +iGeebEL,
HHEEROINTE 0% O 26 ¢ b 52% D 19 ¢ ~
Lk E DAL ET LTI, Zhicx L 12Mo-
1Ti MOBEAE, 0% DRI 32p 25 52% © 8p ~ L
P M RS Bbhd. S0 X5 gk o
WO A E2EEh E R A Cleolk, EEFHERED
850°C 7% 14 Mo $CitEEREELTEHEE Lo
%L, 12Mo-1Ti $fcitFERE iBEL EOREHELE L
feled L Bbhs.

—_ 99 _.



986 % & W

4 69 4 (1983) %58 %

380

Fe-10Ni-18Co-14Mo Fe-10Ni-18Co-12Mo-1Ti

/

~A—'—f__

3

w

[223

(=]
T

(kgf/mm?)
(]
g8 5
>4
D\»»
E
_(% b
w |
T
o]
Q
2 |
\\\\

£

o

[

v

»

o

%

=

@

[
300 v

5 _ A

§= 20

g 8 8\ ) o

2E o S} - I
150 1 1 :

el |

=) A/A

[~ A

£%E 130} § -

n

P K/‘

2% A

5 <10

= As thermomechanically treuted[

o oo}

v

=]

‘s

5= e ° K\?\w

g o

1T, |

&

™T O 52 69
Nt et
Reduction below

850°C in STMT(%)

™T 0 52 69
———
Reduction below

850°C in STMT(%)

Fig. 2. The effects of thermomechanical proce-
ssing on strength and ductility for two steels before
and after aged conditions. Closed mark means an
occurrence of the unstable fracture in a low stress
level.
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a) after TMT, b) after STMT re-rolled at 900°C
c) after STMT re-rolled at 850°C, d) after STMT re-rolled at 830°C

Photo. 3. Transmission electron micrographs of 10Ni-18Co-14Mo steel.

a) after TMT, b) after STMT re-rolled at 900°C
¢) after STMT re-rolled at 850°C, d) after STMT re-rolled at 830°C

Photo. 4. Transmission electron micrographs of 10Ni-18Co-12Mo-1Ti steel.
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Fig. 3. The effects of thermomechanical proce-
ssing variables on strength and ductility for two
steels aged at 500°C for 3h. (crosshead speed :
10 mm/ min) Closed mark means an occurrence of
the unstable fracture in a low stress level.
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Fig. 4. The effects of crosshead speed during ten-
sile test on strength for two steels variously ther-
momechanically treated and aged at 500°C for
3h. Closed mark means an occurrence of the
unstable fracture in a low stress level.
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Fig. 5. Schematic illustration of interaction bet-
ween rolling schedule and precipitation behavior
in both TMT and STMT and the resulting mic-
rostructure.
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