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Precipitation in the Austenite and Its Effect on Strength and
Toughness in 10Ni-18Co-14Mo Maraging Steel
Seiichi MUNEKI, Yoshikuni KAWABE, and Junji TAKAHASHI
Synopsis:

When a thermomechanical treatment (TMT) was applied to a 350 kgf/mm? grade 10Ni-18Co-14Mo
maraging steel containing a large amount of Mo, the austenite grain size was refined to below 10yum,
but precipitation in the austenite occurred during TMT, leading to a detrimental effect on toughness
before aging. This study was carried out to show the precipitation characteristics during TMT and
accelerated precipitation behavior by hot-working, and then to investigate the relationship between the
change in microstructure and mechanical properties. To evaluate the effect of hot-working on precip-
itation behavior, a continuous cooling treatment without working (CCT) was also carried out.

The results are as follows:

1) Precipitation in the austenite did not occur during CCT with a cooling rate of 4.2°C/s correspond-
ing to that of TMT. 2) When the cooling rate during CCT was reduced to 0.42°C/s, precipitation
occured along the grain boundaries in the 10Ni-18Co-14Mo steel. 3) When applying the TMT, pre-
cipitation occurred after sixth pass and with further increase in pass number the amount of precipitates
increased greatly. 4) These precipitates were identified as the intermetallic compound of molybdenum
and titanium sulfide. 5) Toughness before aging was drastically reduced by the presence of these pre-
cipitates. 6) It is difficult to detect the detrimental effect of the precipitates from the change of tensile

properties and fracture toughness after aging.
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Table 1. Chemical composition of steels used (wt%).

Steel [of Si Mn P S Ni Co Mo Ti Al Fe
10Ni-18Co-14Mo 0.003 0.010 0.002 = 0.002 <0.005 9.99 19.02 13.82 0.25 0.017 Ral.
16Ni-15Co-6Mo-2.5Ti 0.003 0.010 0.003 0.003 <0.005 15.63 16.02 6.32 2.34 0.065 Bal.
13Ni-15Co-10Mo 0.003 0.006 0.002 0.002 <0.005 12.90 16.05 9.91 0.29 0.036 Bal.
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a) after 6th pass, b) 8th pass, c) 10th pass

Photo. 1. Transmission electon micrographs after
sixth, eighth, and tenth pass in thermomechanical
treatment for 10Ni-18Co-14Mo steel.
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Fig. 2. Variation of mechanical properties and
austenite grain size according to the pass number
during thermomechanical treatment.
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Quenching temperature

a) 950°C
b) 850°C
c) 750°C

Photo. 2. Optical micrographs of 10Ni-18Co-14Mo steel, showing the effect of quenching temperature

in continuous cooling treatment with a cooling rate of 0.42°C/s.

Holding temperature

a) 950°C
b) 850°C
c) 750°C

i
Photo. 3. Optical micrographs of 10Ni-18Co-14Mo steel, showing precipitation behavior in the specimens
held at 950, 850, and 750°C for 2h after solution treatment at 1250°C.

72T, ZOWHYERESERIRS 0D, 950~750
C° KR LWTEBERE®»{T27. Photo. 3 %, 950°C,
850°C, 4 LT 750°C 2h {£fLicd X HHRERK

PMEL oAz Y, MR oo BERENTS. L
L, BEAEERAS 700°C 04 THRA Lot i)
X<, EPMA Xb %o*ﬁﬂj%%%%ﬁf%fm:oh.

— 117 —



1012 #% &

% 68 £ (1982) £ 8 =

a) Backscattered electron image, b) Mo La, ¢} Ti Ka, d) S Ka
Photo. 4. Electron beam scanning image of the specimen isothermally held at 950°C for 2h in

10Ni-18Co-Mo steel.
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Fig. 3. Effect of quenching temperature in
continuous cooling treatment on tensile strength,
reduction of area, and Charpy impact absorbed
energy bofore aging.
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Photo. 5. Scanning electron micrographs showing fracture surface of the Charpy impact testing
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Fig. 5. Effect. of the pass number in thermome-
chanical treatment on tensile strength, reduction
of area, and K¢ after aging.
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