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Effect of Co, Mo and Ti Contents on Mechanical Properties of 18Ni

Maraging Steels

Koji Hosomi, Hiroyuki MORIMOTO and Yoshio ASHIDA

Synopsis:

Effects of alloy composition on the mechanical properties of 18Ni-Co-Mo-Ti-Al maraging steels have
been studied by means of tensile tests, optical and electron microscopy, and fractography, in order to ex-
amine the possibility of saving Co and Mo contents without sacrifice of the mechanical properties.

It was found that Co does not play an important role in precipitation hardening when the addition of Mo is
less than 2%, while an addition of above 2% Mo is indispensable to prevent the formation of coarse precipi-
tates of Ni;Ti along prior austenite grain boundaries, and to obtain a uniform distribution of the fine

precipitates.

Increase in Mo contents beyond 5% is detrimental for reduction of area and notch tensile

strength because of the presence of undissolved coarse particles of Fe,Mo.
Ti is the most important element for precipitation hardening the Co free maraging steel.
As a result the 18Ni-2Mo-2Ti-0.1Al maraging steel showed mechanical properties equivalent to the con-

ventional 18Ni maraging steel.

Key words : ultra-high strength steel ; maraging steel ; alloying element ; precipitation hardening ; electron

microscopy ; notch tensile strength ; fractography.
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Table 1. Chemical composition of 18 Ni-Co-Mo-Ti-Al maraging steels used (wt%).

Steel C Si Mn P S Ni Co Mo Ti Al Fe
0Co/2Mo/2 Ti/0 Al < 0.0004 0.005 <0.005 0.001 0.0032 18.06 — 1.98 1.99 0.014 Bal.
2 Co 0.0024 0.005 <0.005 0.001 0.0031 18.18 2.00 1.98 2.00 0.013 Bal.
4 Co 0.0009  0.007 0.0017 0.001  0.0026 17.86 3.99 2.02 2.00 0.10 Bal.
6 Co 0.0007 0.007 <0.001 <0.001 0.0025 17.76 6.34 2.04 2.01 0.10 Bal.
8 Co 0.0006  0.009 <0.001 0.001 0.0023 17.96 8.36 2.03 2.04 0.10 Bal.
0 Mo <0.0004 0.011 0.007 0.001 0.0025 17.72 — <0.01 2.02 0.086 Bal.
5 Mo 0.0044 0.009 0.002 0.001 0.0025 17.65 - 4.67 2.28 0.10 Bal
1.5 Ti <0.0004  0.009 0.002 0.001 0.0031 17.68 —- 2.05 1.54 0.085 Bal.
2.5 Ti <0.0004  0.009 0.004 0.002 0.0028 17.63 — 2.05 2.54 0.087 Bal.
0.3 Al 0.0004 0.010 0.004 0.001 0.0033 17.79 - 2.06 2.04 0.30 Bal.
0.5 Al <0.0004  0.008 0.002 0.001 0.0028 17.80 — 2.09 2.03 0.50 Bal.
0.9 Al 0.0046 0.006 0.002 0.001 0.0028 18.11 — 2.48 2.24 0.89 Bal.

Photo. 1.

&

Solution annealing : 850°C, 30 min, AC
Optical micrographs of the martensite of 18Ni-Mo-2Ti-0.1Al maraging steels.
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Fig. 1. Effect of Co and Mo contents on the
tensile properties of solution annealed 18Ni-
Co-2Mo-2Ti-0.1A1 and 18Ni-Mo-2Ti-0.1Al

maraging steels.
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Solution annealing : 850°C, 30 min, AC  Aging : 500°C, 5 h, AC
Fig. 2. Effect of Co contents on the tensile prop-
erties of 18Ni-Co-2Mo-2Ti-0.1Al maraging steels.
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Solution annealing : 850°C, 30 min, AC

Table 2. Effect of Co addition on strengthening
in 18Ni maraging steels.

Increase in st{)ength

(kgf/mm Author

Composition (wt%)

18 Ni-2Mo-2 Ti-0.1 A1+8 Co 22 Present work
18 Ni-5 Mo +8Co 53 FLOREEN
18 Ni-X +8Co 14-32 and SpEICH?

Fe-18Ni-X 3 TR & T hiZ Co 8% %L 72
Fe-18Ni-X-8Co 4 T X O & * L& L 7235 &,
Fe-18Ni-X (X i3 Mo UM OB 445) 1< Co % 8% s
My % &0 LR 3K 14~ 32 kgf/mm? (20 ~45 ksi)
THBHDIIK L, Fe-18Ni-5Mo &1 Co % 8% #INY
5 #2450 53 kgf/mm? (75 ksi) DT LH 155 h,
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M DA 13, Froreen 52 L CWwAH K H 12 Co it

Aging : 500°C, 3 h, AC
Photo. 2. Electron micrographs of the carbon extraction replica of precipitates of
18Ni-Co-2Mo-2Ti-0.1Al maraging steels.

Co contents : (a) 0% (b) 2% (c) 6%
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Solution annealing : 850°C, 30 min, AC  Aging : 500°C, 3 h, AC
Fig. 3. Effect of Mo contents on the tensile prop-
erties of 18Ni-Mo-2Ti-0.1Al maraging steels.
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Solution annealing : 850°C, 30 min, AC Aging : 500°C, 3 h, AC
(a) Electron micrograph (b) Selected area diffraction pattern
taken from the encircled area of (a) (c) Key diagram of (b) Elec-
tron beam 1 (212) hep

Photo. 3. Electron micrograph and electron dif-
fraction pattern of the carbon extraction replica of
the coarse precipitates along grain boundaries in
18Ni-2Ti-0.1Al maraging steel.

Table 3. Comparison between observed and calcu-
lated interplaner spacings of extracted precipitates
in 18 Ni-2 Ti-0.1 Al maraging steel.

Observed/
calculated Observed Calfulat?d Cali:ulat?d
value o, vaiue o
Plane value (A) NisTi (A) Fe,Ti (A)
indices
2.130 1.998
djoz1) 2.099 (+0.031)  (—0.101)
1.950 1.950
d ooz 1.884 (+0.066)  (—0.056)

Values in parentheses are the difference between observed and calcu-
lated values.
Solution annealing : 850°C, 30 min, AC  Aging : 500°C, 3h, AC

0.615) & B\ i3, Fe,Ti (a=4.7854A, ¢=7.799 A,
a/c=0.614) IZFE VT & H b2 D72, NigTi & Fe,Ti
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BRI X o TSR ICET T 2 & b %) B K A
WATHII TR S h, BEL T was, T X)) R
MR Mo, W 28 2RINT % LB <R, B
2 X B L2 & B9,

EHIC Mo BE#BL7A 5% Mo M T Fig. 31I/RL
LI BLXUYRBMEIEBLTH. o0&,
Mo EDHENIC X 1, OB & [F— 850°C, 30 min,
228 D BALALEE T3 Photo. 5 ISR L7z & ) ICHLA %
HHIHZBDLND.

0] 47 I D AT & S AT 2 hep FEE D FeyMo (a=
4.73A, ¢=7.72A, a/c=0.613) Fe,Ti (a=4.785 A,
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5.093A, ¢=8.276 A, a/c=0.615) »HE s h 5.
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Photo. 4. Scanning electron micrographs of the
fracture surface of tensile test piece of 18Ni-
Mo-2Ti-0.1Al maraging steels.

Table 4.
18Ni-bMo-2Ti-0.1Al maraging steel.

L, TECHEBEETREL-bOLHEESNS. 13Ni
TN IL—T Y TRDOEE I Fe,Mo # (Fe,. Co),Mogu
2%, 7 18Ni v V- T Y Z7RBOBE &R
NisMo?V2 5% ¥ % L HE SN T 5.

5% Mo M OB HEIEAEIX, Photo. 4(c)D X274 >
TVTHAHH, ZOEFEZ 1um LT EIEFITHEIVD
T, EEIEVC EERLTWS, DEDX )i
5% Mo # DlfEfbix, REBEOHKLZBRENBEI L EA
PEREH B ER L EE SN D.

ZIT, LNEERTHERMULE LT, B OEE
o7 Thbb, BHRLLEEM % 850, 900, 950°C,
30 min, 26 & A X -RR, MAZKREEOREN LY
3, BAMCLEBREO LRE IR L, MlCR B
A%, 950°C THREIFEHE L T v o7z, Fig 4 44,

Solution annealing : 850°C, 30 min, AC Aging : 500°C, 3 h, AC
(a) Electron micrograph (b) Selected area diffraction pattern
taken from the encircled area of (a) (c) Key diagram of (b) Elec-
tron beam _L (001) hep

Photo. 5. Electron micrograph of the carbon ex-

traction replica of the non-dissolved precipitates in

18Ni-5Mo-2Ti-0.1Al maraging steel.

Comparison between observed and calculated interplaner spacings of extracted precipitates in

Observed/calculated Calculated value of c
Observed value (&) alcu ate' value o alculated value of Calcul‘atefl value of
Plane indices Fe,Ti (A) Fe;Mo (A) NigTi (A)
4.14 4.10 4.41
100 4.20 (—0.06) (—0.10) (+0.21)

Values in parentheses are the difference between observed and calculated values.

Solution annealing : 850°C, 30 min, AC  Aging : 500°C, 3h, AC
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Fig. 4. Effect of solution annealing temperature
on the tensile properties of 18Ni-5Mo-2Ti-0.1Al

maraging steel.
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Solution annealing : 850°C, 30 min, AC (950°C, 30 min, AC for
18Ni-5Mo-2Ti-0.1A1) Aging : 500°C, 3 h, AC

Fig. 5. Effects of Co, Mo, Ti and Al on the age-
hardening in 18Ni maraging steels.
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DERACLE %} L C, #SRNMHE B X ORI EE
B XIET Co, Mo BEDORE XK LUTORKELH
7=.

(1) 850°C, 30min, Z2#% D EARICLEIRED 18
Ni-Co-2Mo-2Ti-0.1Al D4 ix Co 0~8% DHPHT
BT RTTAZNT VH A FT CoBICLAHMBOER
BEHSNE . F 72 18Ni-Mo-2Ti-0.1A1 2 oW T
i3, 0, 2% Mo TRBHHLIA—RATF 1 25
a7 A=V 344 METH 5H0°5% Mo #f
THEHREROF—ZFF A F2oEREINAES A<V
T A METH 5.

(2) BIBBEME R Co0~8% DHPETKA & &1Lk
%<, 0% WRBRAVLTCHOHMEPPVLETITAHDATT S
N7y, YIRS %RT. 7, ERIHRED Co
BB b3BEOOhLE W, Ld2T Co DEEIC
X & $RHE AT I — IS B L 22T IREE DS S
%.

(3) Mo FELMMMLTRL LTHFALTVS
BHD 18Ni eV —J V FFTRDOLNTWVDS Co &
Mo DRI D¥r s LIC B A MEEESE R, FFED

I
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Mo & TiBl= L L— YV FHTRADOHNT, HH
ALIC B XIET Co MR RIIA v,

(4) 0% Mo MTidd&h, YIRMELLIE L KW
A, 2% O Mok vdEsns. ZoFRKEE, 0%
Mo M CidlHA— A7 74 PR ICHKEZTEDY

(NigTi) 28 L, ZThicX DR AR 3
Mo % 2% @IS 5 & 20X MK HWON H A
PO S L, B0 2 A IR AR & WEM2TE S h
5.

(5) Mo %= L72E, REBOHBMHTRE S
LMD H B, ThbH, 5% Mo ¥ D 850°C B ILML
A CHOHLR 2 K BENT B 330 & hifEfb § % 45,
900°C Lt TR AALLERIC X 0 BT B 2 R L
L, ZOBLEAL LEFEEESLS.

(6) LLEo&HE,S, CoBRMTLAS Mo B %
3% L 72 18Ni-2Mo-2Ti-0.1Al 8 CHER DIZ#RI 18Ni
TNI—=T IREFEOBBIMEN RO Z &
bhro7r.
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