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Effects of the Amount of Retained Austenite on the Microstructures and
Mechanical Properties of a Precipitation Hardening Martensitic Stainless Steel

Hideki Nakacawa and Toru Miyazaki

Synopsis : The influences of the amount of retained austenite on the microstructure and the mechanical properties were investigat-
ed for the martensitic stainless steel whose chemical composition was Fe-1.8Cu-15.9Cr-7.3Ni-1.2Mo-0.08Nb-low C, N

(wt%).

The main results obtained are as follows ; (1) Microstructures of all specimens after aging (753K X 14.4ks) are lath
martensitic with film like retained austenite dispersed among the lathes. The reverted austenite phase dose not appear.
The &-Cu phase which contributes to the precipitation hardening can not be observed clearly. (2) The mechanical
properties are linearly approximated to the amount of retained austenite, so that the following equations are obtained. :
0.29%Y.S.(MPa) =1192.3-13.6 X y%, T.S.(MPa) =1250.1-9.3X y%, E.L.(%)=12.16+043x 7%, R.A.(%)=64.25+
0.14X %, AE.(J)=725+08Xy% (3)The balance between the tensile strength and ductility is improved with
increment of the amount of austenite. It is in the same level as the microduplex stainless steel and the low carbon
martensitic stainless steel with the excellent ductility and toughness, although inferior to the work hardening austenitic

stainless steel.

Key words : stainless steel ; precipitation hardening ; retained austenite ; lath martensite ; ductility ; strength ; toughness.

1. #&

SUSE30zfESI LB =T UH A b (o) RATHEE(LES 2
FrURHIRERES v 7 PRI PR ECHV G
NnNTwas, Lrl, @ELHED YZ A2 6 &l TR
MEANS I EHEL, REMMDOFTBZREEL, BHERME
PHHCILTCADOVHERTHS, 212, shiZk 9156
N5 EN, Bits L CHEED v v iR L THa IR
AN OTRLL, ehoiptEomE»EINTY 5,

—%, 5l5EiR 3 H°1000MPaik D Es&E A 7o v A L L
T3, WHRBLE 2 7 v 28Oz (1) ERKaRAT
YU RS, (2)MTEMLE A — 2T F 4 () RAT VR
W L (3@ BAT v v A HEIINT LB >
WALyt BB 2 AT Vv AL EPFETONEY,
(D ELTRENCHEY AT 287 IN T 529
LbOD, 67254 bDEKRRIZ, »OREEL CHE R
B ICreMoDHEME CHFID D b, I EMED ST
$r, 212, (2)L(3)BL TRERLFEV OIS
b D0, HEMLOUEMED G RARM L HIHPHEE 2 5,

Bz o v 7 MR AR Y MR E RS T O
GBI, WEIMTICL b & CRREZHIET 5 2
PRELG, 6D EhG, W, EE, MU
it E QB2 55 0 R E (BB DI, o RIT
WE LRI 2 7 o v 2P RERARCRE T2 EHEE L L
Fiohsb,

SRl O mEE LS & OSSO FRE LT, &
BATE PR B DERDE > R yDIER»HET LN
5. 2By I TRIPHI® 9 BN %12 U £ { Okt T
il & FEEDOmECHEIFIHAINTE 29, Ly L,
BFLLRRALECIDUITIREL, 20FMEIZOCT
BLELIEHERSI N L2 ATH 29 MriEEfbR R 7 &~
VAR CT Y, Ry ORES R OIS N T 5107
», MEmALER L CIETHS AN TV 3 LIS
B

22T, AHETIZI000MPafk D5 1iE®RS # 5T 5 o'
Pritag bEl 2 57 o v A O, ¥l L T EEDm E
PRI, BEOMRBRELXSHF L TAGHREPREL
725 AT, B—0ASMBTHEIFLBVLIRSE DBEA SRR

ER94E10H 9 BZfE P10 1 H 7 H2H (Received on Oct. 9, 1997 ; Accepted on Jan. 7, 1998)
* ZEBIERFRFRE (Graduate Student, Nagoya Institute of Technology, Gokiso-cho Showa-ku Nagoya 466-8555) ; Z5n1 88 (bk) 5 1 BARES

(Development Div. No.1, Aichi Steel Works, Ltd.)
* 2 ZHBTEKY¥ (Nagoya Institute of Technology)



R 364 5% & $BVol. 84(1998)No.5

MEPELI T LIS YEREyERPHEAL, MMt
AR RETREyBREORERPHO»IITEI LPH
e 5,

HEMBLURBRGE

2.1 #Ee

AREFETH I EEM OB, o BATHELR 2 57 >

vASO®ENY, ¥tEl L CEtomEXHME LT, R
EDIER, 67 =74 PEROEHEF L SERPEyDEAD
3DODHEER b LI, BEOWRMELERSH L T
EF LT3 (Tablel), 2 #LidPH17 iMoo # A 1ZCH &
UNZERT 2 L b, Niz@BCRMULHKE o
Tvb, 272, MERE~DHEYF 2 5 L SETORIL
B L, RIBTONHB{LPBFE I N ECudf
MLTw 2,753, ZOFHIIERED L ZATHR~N2,Fig. 1
CARBEMR Y & U 2 TRIREBRI 2 /RT, 2B
KHEMETS Y 7 F Thermo-Calc'iz & YKz b DTH 3,
Fe-Cr-Ni 3 JCRIKEEX 5190 [ L, Motz & b Laves
#H, Cullsini & b e-CutHDMBEM BN T v 3,

—fis, HMMEE ISP O EmC MRS (R
BansIlit»s, AMPEBRORES £ o THEML,
80mmAE D AUV EAE U 7%, BAIERE 2 & 9 15mmBDH,
AL B, 270, BREyBOFEEIZ G TIL, #ikcFE
ByRDADBEPHME T 2 120, H—O#M K THEIs{ e
BEBEOBMANRIFHRE XS ¥ I Lic L hEIBL, 2
NENH10,15,30% DBy EET A L CFEBELI. 2
DHFHMIERERDE 2 H TN, 23, FBOHIZER
{LELIE 2 1373K X 4. 8ks7Kify, BRI % 753K X 14. 4ks

Table 1. Chemical composition of steel. (wt%)

C Cu | Ni Cr Mo | Nb N Fe
0.00811.7817.29 [15.91]1.16 | 0.08 {0.0173 | bal.
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Fig. 1. Phase diagram calculated by Thermo-
Calc'®.
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Fig. 2. Process of heat treatments. The specimens
were water-quenched at each temperature
after solution treatment. But only on quench-
ing at 193K the specimen was water-quench-

ed, followed by the subzero treatment at
193K.
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Fig. 3. Influence of the temperature quenched and
kept after solution treatment on hardness
and amount of retained austenite after aging
at 753K for 14.4ks.

Fig. 4. Microstructure of the specimen quenched
and kept at 313K after solution treatment
and aged at 753K for 14.4ks.
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Fig. 5. Transmission electron micrographs of the
specimen quenched and kept at 278K after
solution treatment and aged at 753K for 14.4
ks.: a)B.F.I, b)D.F.I. of retained austenite,
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Fig. 6. Transmission electron micrograph of the

specimen quenched and kept at 278K after
solution treatment and aged at 753K for 14.4

ks.
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Fig. 7. Influence of amount of retained austenite on
a)0.2% vyield strength and tensile strength
and b)elongation and reduction of area.
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Fig. 8. Influence of amount of retained austenite on
Charpy absorbed energy.

Fig. 9. Fracture surface of the Charpy impact speci-
men involved about 109% retained austenite.
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Table 2. Chemical compositions of the martensite
and the retained austenite phases in the
specimen quenched and kept at 333K after
solution treatment and aged at 753K for
14.4ks. (wt%)

element Fe Cr Ni Mo

72.11 18.42 7.60 1.87
75.00 | 16.43 7.63 0.94
73.20 | 17.47 7.93 1.40

Martensite
phase

Retained austenite | 74.02 16.85 7.85 1.28
phase 72.87 17.13 7.74 2.26
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