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Precipitation of Intermetallic Compounds in Austenite and Its Effects

on Toughness of As-Quenched Martensite in 13%Ni Maraging Steel
Koji HosoMm1, Yoshio AsHIDA, Hiroshi HATO,
Kazunori IsSHIHARA, and Hitoshi NAKAMURA

Synopsis:
The precxpltanon of intermetallic compounds in austenite and its effects on the toughness of as—quenched

~ martensite in 139, Ni maraging steel have been studied by means of Charpy impact tests and structural
‘observations. The heat-treatment process investigated comprises intermediate isothermal holding in the

temperature range from 800°C to 1 100°C after homogenization at 1 200°C: reheating of the martensite to
the austenite region below 1 100°C after quenching to room temperature from 1 200°C.

Not only the intermediate holding but also the reheating introduced a drastic decrease in Charpy impact
energy of the as-quenched martensite. Structural observations revealed the coarse precipitates on prior
austenite grain boundaries and within the grains for both heat-treatments. Prolonged intermediate iso—
thermal holding was necessary to cause the precipitation within the grains. However, when the martenisite
was reheated to the range between A and the austenite recrystallization temperature, the precipitation within
the grains was promoted in short time, due to the presence of the nucleation sites formed in martensite on
the heating up to the austenitic region, or probably to the internal strains of the reverted austenite.

These precipitates were considered to be intermetallic compounds of Fe,Mo or (Fe, Co);Mos. The
major loss in the toughness of as—quenched martensite of 13% Ni maraging steel was associated with the
precipitation of intermetallic. compound containning Mo during holing in the austenite regions.
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Table 1. Chemical compostion of the 139,Ni maraging steel,

wt%)

C Si Mn P S Ni

Mo Ti Al 20 | =N Fe

0.002 | 0.010 | <0.003| 0.004 | 0.007 | 12.82

16,22 | 9.72 0.24 | 0.010 | 0.0018(0.0020]| bal.
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Fig. 1. Influence of intermediate isothermal holding
on the toughness of the as-quenched mar-
tensite.

— 96 —




139, Ni = =~V /IR I DA~ AT FHA P FOEBHEILEHONBEBEATALT VI A+ O 97

N
o

—

1200°C
60 min

900°C

N
o

L

o

o

Charpy Impact Energy (kg' m/onf )

o 1 0 100 1000 10000
Isothermal Holding Time, t (min)

Fig. 2. Influence of prolonged intermediate iso-
thermal holding at 900°C on the tough-
ness of as-quenched martensite.

a) 800°C, b) 900°C, c) 1000°C. d) 1100°C (x4/9)
Photo. 1. Optical micrograph showing precipita—
tion on prior austenite grain bounda-

ries (Intermediate isothermal holding

for 100 min at various temperatures) .
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a) 5min, b) 10min, ¢ ) 30min,

d) 240min, e) !440min,

£) 7200min

Photo. 2. Optical micrograph showing precipitation on prior austenite grain boundaries and
within grains (Intermediate isothermal holding at 900°C for various periods.)
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b) 30min

e) 1440min f) 7200min (Xx4/9)

Photo. 3. Scanning electron micrograph showing
intergranular fracture (Intermediate
isothermal holding at 900°C for vari-
ous periods).

a) 10min c) 100min

d) 240min
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Photo. 4. Scanning electron micrographs showing
fracture facets on grain boundaries (In-
termediate isothermal holding at 900°C
for various periods).
P : precipitate, R : ridge

Table 2. Values of d-spacings for precipitates
extracted from the sample after inter-
mediate holding at 900°C for 240 min.

Present work | Fez:Mo,dk | Fe:Mo.d& |FesMos.ai | TiC,dk
ak I ASTM  |calculated”| ASTM ASTM
2,783 W 2,745 2.72 2,508

2.51 4 2,508

2,877 me 2.36 2,306 2.37
2,328 v :

2,230 . 2.27
2,203 o
2,182 s, 2.18 2,179
2,120 VS,

2,082 s 2,079 2.07
2,051 o 2.05 2,041 2.04
2,083 vs 2.02 2.02
1,967 W 1.98 1,945

1,805

1,707 w 1,795

1,769

1,604 o 1,663
1,535

1,502 s
1,466 W 1,439
1,373 o 1.87 1,351
1,330 me 1.33
1,807 VS 1.29 1,308 1,311
1,295 w
1,280 Ve 1,277 .

: 1,255

‘1,225 We 1.238 .

1,198 m 1.18 1,186

1,086

vw. lvery weak,w:weak,m'moderate,s :!strong
vs. Ivery strong

EERTH L. AMMOK 700°C / min OHREGEEIC 1)
L — 274 MNEREBIAIRE (AJRE) X UKRTE
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Fig. 3. Microsegregation on prior austenite grain
boundary of the specimen isothermally
held at 900°C for 240 min.
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Fig. 4. Inflnence of reheating temperature on the
toughness of the as quenched martensite.
Ag¢ : transformation finish temperatnre of
a'—>r
Tgc : recrystallization temperature of 7

a) 800°C
d) 950°C

b) 850°C c) 900°C (x4/9)
e) 1000°C  f) 1100°G

Photo. 5. Optical micrograph showing precipitation
on prior austenite grain boundaries and
within the grains (Reheating of o' at
various temperatures for 60 min).
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a) 5min (Hv==335)

b) 30min (Hv=355) (x4/9)
Photo. 6. Transmission electron micrographs show-
ing precipitates within grain.
(Reheating of a' at 900°C).

a) 5min (Hv:322)
b) 10min (Hv: 325)
¢} 30min (Hv: 335)

(x5/8)

Photo. 7. Optical micrograph showing precipitation
on prior austenite grain boundaries and
within grains (Reheating of «' 950°C
for various periods).
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a) bright-field image,

b ) selected area diffraction pattern,
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/
200), !
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c) dark-field image of the (200), diffracted beem (Xx7/9)

Photo. 8. Transmission electron micrographs showing precipitates within grain (Reheating

of a' at 900°C for 30 min).

a) 900°C X 60min
Photo. 9. Scanning electron micrograph of the
specimen reheated to 900°C and 1 000

°C for 60 min.

b) 1000°Cx60min  (x5/9)
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7zo FEI-WTHROBEMIIC 3T B IN AT i
DX, FOWHALE, B, Bk EOREIERERT
B S Lalesor. Ll 35, Akl &
Fe,Mo i3V TFNOBMETLHFET S & vwrd. 4.
MacNEE 5213 AH%E 980°C TCIEA{LAEE L7-D b,
525°C CREhT 5 &, piED (Fe, Co),Mog DANT
o b ps, BRI T AR oS3 F CRET
Rzh3 % & (Fe,Co)Mog 13580 DNis W T L2 |E L
TV, Z0OZEREHRAEPI p BT LD
HETx5. (Dl Ed 980°C D rifT p FEAHTHT
DHREMEA TR LT WS.) Las> THME LSS
O BREFHEMBHZC S W CRE LA 27T H
Mo 5 btk y—(FC, Co)sMog DIFAET B AREME K &
<, FHIEDBECH O pifln y PCITHT S 21
BETERKR.

189 Ni < — 2y ZHTIEARAD X 5 TNk
by Tcod i 60 min REOREFHIIEED
BRI 2 Wb T Wi s, Bt E. Nes 51213 870°C
~OFIEC X 0 7T TiC H33R% R S8k LT
WFHT % LB R LTWS. F7-fEbixc o TiC ©
FAEIC X D BEA a, DIEMESET TS ERELTVDH
ZOEERE~OIEGEZ < V2 LT o OEME
BXOHEOEKTERDLNT, LA TN OLOMWHEIX
FET3EVSMEDLHD 189N Fevvz—o s
SMOTIEMC L3755 r RO EBEA o OWHED
BARIZ L LS BEFE TV ThiZH LTARMD X 5 7%
139%Ni vV —or FITRINETORRL ST,
e & b 7ev r T Mo 2 & Le&BRHLE DT
Hids X OHAALDREC D, BEA o' OYPRIEET D
s ORI HIIIC X D L RT L. 2018
9%Ni BB X 13%Ni Hwrz—v v FHOLERSS
DER, LLELTMoRDELISHDLEEZLND.

4. £

139, Ni-159,Co-109%Mo-0.229,Ti <) x— 2 7|
OBEAIREEC BT D o' OEMS T OME rBICiRL
IR BEBRILAEMOHZ X >TEDX S
ZHET Dok v v v ¥ — FERER LR L 2SS
BB LHARD X O REREE

1) O o O r M TONMBEHRC L VEL
QX p, HAWHNIIHET S LY v VE—HEE
T 5. ZOBA, BEEEA Lic & T3 EMERTR
RO LM BEE I NS5, T L2 & ST
KT a s & Uiz dimple B4 50 5.

2)  rETONEE RIS XORATRES D, BT
HVI RSB A OB & EREH O HIR R RIE 2 505 o' %
7 ANTEINEL L7z & STV ER R OB T B2
5. Zh b HmE Mo L& BRLENTH Y,
Fe;Mo 3 %\ X p—(Fe,Co)Mos ThH % LIEEIND.

3) COEFEMHOBAE, o' XV 7 ~OMEGE
b, & FTRIY 5 HWERTORICE RIAERD
WMHENH L 70 EE 2 HNB DS, £ LSNC martensitic
KABT % a'—>r HERBIC L b5 7 ONHEOFIE
WA RESELRREFT 5D LHEINDS.
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