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Effect of Molybdenum Addition on the Age-hardening Behaviours and

Mechanical Properties of Fe-9%Ni-4.5% Mn Martensitic Alloy

Masayoshi YODOGAWA, Tomoo SUZUKI, and Minoru TANAKA

Synopsis:

The age-hardening behaviours of an Fe-99%Ni-4.5%Mn martensitic alloy have been investigated
metallographically concerning with hardness, strength and ductility. The effect of molybdenum addition
on these properties of the Fe-99%Ni-4.5%Mn alloy has also been studied to obtain a good combination
of strength and toughness. The results obtained in this paper are summarized as follows:

(1) The age-bardening of the Fe-92,Ni-4.5%Mn martensitic alloy is due to the hardening by
coherent strain associated with the two phase decomposition in martensitic matrix and the precipitation
of NiMn. The 0.29 proof stress increases with increase of hardness but the embrittlement occurs
simultaneously. This brittleness is improved with the precipitation of austenite in the overaging and
softening stage. The addition of molybdenum to this alloy hardly changes its hardening behaviours
whereas improves its ductility.

(2) In the Fe-9%Ni-4.5%Mn alloy containing 6%Mo, the similar age-hardening due to the
precipitation of NiMn at 400~550°C with that in the Fe-Ni-Mn alloy is found and the age-hardening
due to the precipitation of Fe,Mo is also observed at 500~700°C. The former hardening mechanism
is Mott-Nabarro type and the latter one is Orowan type. These difference is clearly observed in the
shape of stress—strain curves.

(3) The optimum combination of strength and toughness is obtained in the Fe-99,Ni-4.5%Mn-
6%Mo alloy aged at 500°C for 10 hr having ¢y ,=152kg/mm?, gp=162kg/mm?, du=%.3%, 6,=12.6
% and ¢=37%. The microstructure of this alloy corresponds to the aging stage in which Ni Mn
particles are 150~200 A in diameter, Fe,Mo particles are about 300 A in diameter and austenite is not
yet formed.

REBETIEEDEY zone AKX, Thh o
fct NiMn L7, ZOBBRTHFLVELEZRTY. *

1. &

]

Fe-Ni-Mn 3 &4 &0 v L5 ¥4 MEBUIBAFE L
S bEE T 5Y. ZoEEE, BEARBTIRIEHAR
Fafafs R ESL T vT o4 FTHD, KRR
Reghic X 0§ o 5 FHEREBTRIFERFIREDOE V7
254 FEeFNOE WF—RFT 74 b DRGHEAB L
D, Fe-Ni X8 Fe-Mn 27E&DBHELRKTD
5. L LxoEiaREe< £4%. Fe-Ni-Mn 355
bee 8K VT miscibility gas island OFET 5 2 & H3EL
NEMCHEEZI DD, FoOlORYIC 2SS ET

LT Z® zone 3 X NiMn fFi3fH48 & #EESERT
b0, BEOTHIZX 50T HE{LPRRME LD i
FHRE#Z2 b5y, £-EiEd 5 VIEREFHREEITH,
F—AFF A4 FBREA—AFFA PRSI ST
B4 b3 AERLSHRIRICITHEL, Z2O0F—AF7F4
kAR BV NiMn  (WARESE & 7 b RRA I FFENE
LT, =27 F4 bET 294 bOFRELERGHE
i, TREEHICES RS T HI.

I OSBRI WT, Hib: & hiIzE LWL

* @1 49 £ 12 B 9 A ZfF (Received Dec. 9,

1974)

** HETEAEEELEPEAR I8 (Research Laboratory of Precision Machinery and
Electronics, Tokyo Institute of Technology, 2-12-1 Ookayama Megro-ku Tokyo 152)

— 115 —



2434

% L & w6l & (1975 102

BEL, FERRABRH T 5 L BLEEOEVWERITH
D REBEIERI TN L, ISITRERZILD
2, 3OLEEZRMTHIELITID, ZOE5EDGEMS
WETDHILRTRETDHD, BEELILOREEERKRE
LT, €A L BEET W TIIRERS o Tw
58 G Mo T HME A WET DLE L LTH L DENTR
MEhTEYD, $Theiz— ofcsywCiLERLS
MEER S BTEHEL LTEELREAE R LTV 5.
ADIZEE, FIME{LHE Fe-Ni-Mn 355441 2 D Mo
WML, TORSHER) S X EMMEE itk X ¥
Mo iMoo #RitT Lcd DT, NiMn & Fe,Mo @
2BEONHIP A& OEMMIC Y LTRRAEER 5
AL EMRMEN. LI L DERLAOEEDH
ETH5.
2. BEBIURRFE

Fe-Ni-Mn-Mo & 0stlic iy, Reshi@{bigs a1 5
9%Ni-4.5%Mn OHDEEEKELEL, Zhic 3%,
6%, 9%Mo ZiFML 7= 3 BHEOALD 4 BABRL
fo. AEN, EEEk, BE- o, BN,
&BEY T FoRFEBE LT, 35kV BEEISHEK X
D§) 6kg FORKRTHREL, HEFMELTO0.1% D
TN =9 n, 0.2% OFEFEEFN Lz b 60mm ¢
DTS Ui, 8313 1 250°~1000°C — 20 mm ¢
WEMRERE LTHEME L. Eflo=v o, w00
vy BYTFLOMESHEERIE Table | k0T
H5. TOMOTRHMTER 0.029%C, 0.02%N TH
D, P, SEEIhXY IH/ISWETHOR
WXPEIERRK T 15X15X5mm 84| Li-d DT,
SEMMERBR S XOCXMHBRIC DA LA, EX3e
A~ AERHZ VT 10 kg T E CRIE L. Wl
WCERMER T A 2V TIEBRL, XR¥EMEBC X v Tk
2. ¥£720.2mm ¥ CTHERE L7 iEREE A B L7
DH, YV UEED Y o L EEEFNE R CEMTEEC X v i
&L, BAREFR 200 kV BTHEMEIT X > CEiBME%s

B Lo XBEBRERERU TSI -1y 222X
Table . Chemical compositions of alloys (wt 95).
Alloy Ni I Mn Mo i Fe
M1 9.17 ﬁ 4.53 <0.02 | Bal.
M2 | 9.17 4.14 2.98 ' Bal
M3 9.14 ﬁ 4.32 6.00 i Bal.
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Fig. 1. Hardnessof Fe-99;,Ni-4.5%Mn-Mo alloys

aged for 1 hr at the indicated temperatures
after water quenching from 1000°C.
Broken lines indicate the difference in
hardness between M3 and M1, and M4
and M1. (q : quenched state, s :
treated state)
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Fig. 2. Differential thermal analysis curves of Fe-
994, Ni-4.59,Mn-Mo alloys water quench-
ed from 1200°C and subzero-treated at
—195°C.

HE oA RE TR 55, #HhTsX 51, Zhid
Fe,;Mo D 5> RETH 5. 620°~660°C T H>1F
THIE LB HBEET 5. OB ORIED 615°C (Qd
A) HB XV 660°C (M B) £ THEALIZDHLI7IHIT
B L X a0, WTEhostkics T
Fe,Mo RSB, L 2T, IO/
Fe,Mo DiETTdH % WX FEEIC & 2B Cidis <, dhik
MFEED E— I RBE IO BLRE - BREDFRA~EIT L
LI BARPT LOBTHS. 680°C hLicidha
REO N AHIBLTWS. Zo4a4 M4 TIiE, iR
THXOCERD D VIIERMRNC XV IBERFIRE
O/NF —AF A PPREME LTI TS, 2%k
EA— AT A4 MEOIWHIC X D BB ERLICDD L
HEXNS. 700°C FHECRRBED /NS IS VIR FEET
5. wNFLHA PDF —~ AT FA MADOLERETRELT
BTHY, HieA—RAF+A rDwF 94 FERBI
HERETHD. ZORBOBDORTD 680°C (R C)
FTMMEL 72D LEM LT HRBFIGELELBD LN
VS BEBS0bLoT0°C (MhD) XT3
& 150°~50°C A9 & 5 BB UBREbNID. Tk
bbb, ZOE4ENE 680°C S TABMLTDA—RT F A4
MCZRE LWL, 730°CiehpEhd s &4 —RXF 44 b
L NEEE LT VT Y4 FERBOE LD Z &%

— 117 —



2436 % : =

% 61 4 (1975) E10=

BHRLTWS. Lidk>2T 700°C LEOBEHOAZ VX
BHEDOA - X754 MEREBEZESIDIDTHS. LEIRK
BZXDz0848 Mt O Ay 35X T A ZFhFh 655
*CHI720°C T, FTHTLCVS. Bk Sio
M1 (2l zone 3 X X fct NiMn o 4RIT X 5 Festa 1l
DL LrBEbhivds, M4 TliFhnichnz T Fe,Mo
DT X BRBOIUMAHIRT D, T/ M2 i3iEixE Ml
LFIBEOFEBE TR L, M3 Tl FeMo 1o X 3Rl
BELIWIED T WD, —JF, F—Z2F57F4 PEEBic S
WEhOFNE, Ml TIIEFELLKREWD, Mo 2T %
ERBUT/NE R DV BEERIEA L, RpICERERO AR
THRETHAOLLEREED LR T5 2 EBFHINTH
5.

Fig. 3 1%, Ml XU M4 OREHEIRBETCHS.
M1 Ophfici: 380°~500°C (i 03¢ B N iEHiER
»5h, M4 Tt 350°~500°C icfinx. ¢ 550°~630°C
W EERINGESEZE IS, BiiE Xzoneds X (8 NiMn
DEFRIHES D TH D, HEIX Fe,Mo DIt X %
LOTHS. INLDOEBRIFREMGHOBERED I W
—HERLTWE. ELmEEE& LD 550°C LI LETE
WL TVW5E, chidd—257 94 FOERICE S
HbDTH 5.

U EDX 5, Mo #iEINGD ML T3 400°~500°C
T zone 3 X UF fet NiMn 234:5 L, Z 3icf¥o T HEk
BHE|E D KBTS L, BEE 7 Reshif{ess £
5. —FH, TOAEK 9% Mo inxi: M4 T3, &
DIIBRIOZFEENT AN 2 T X 5T 550°~650°C ¢ Fe;Mo

Delatation —+

200 400 600 800
Temperature (°C)

Fig. 3. Differential delatation curves of Fe-99,-
Ni-4.59%Mn and Fe-9%Ni-4.5Mn-92;
Mo alloys water quenching from 1 200°C
and subzero-treaing at —196°C.
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Photo. 1. Some transmission electron micrographs of Fe-9%Ni-4.59%,Mn alloy. (a) As
quenched followed by subzero-treated,

(b) Aged at 500°C for 2hr, (c) Aged at

500°C for 10hr, (d) Aged at 500°C for 100 hr, (e) Aged at 500°C for 1000 hr.
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Photo. 2. Some transmission electron micrographs of Fe-99,Ni-4.59%,Mn-6%Mo alloy. (a) As
quenched followed by subzero-treated, (b) Aged at 500°C for 2hr, (c) Aged at
500°C for 10hr, (d) Aged at 500°C for 100 hr, (e)Aged at 500°C for 1000 hr.
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DEETHHDELHEEINDH, FBFERICX D Fe,Mo
DL X S EIIHEIEEO 5N, Mo dcluster %
HWWE zone IR WHDTH S 5. 10hr BE5HTYE (Pho-
2c), 150~200A kL7 NiMn #F&, 300A
BED FeMo WIFMNHMEIND. ORI T
Fe,Mo D [EIFEESHZU® &3, Mo o cluster 1% Fe,Mo
W2l eFE L NS, 100hr B3hTlt  (Photo, 2
d), Fe,;Mo i 300~400A ok & X DIIKkD B WILHE
FEOREEEPARFF L 7, —F NiMn 13 400A
BEOBIKEF & 7. 5. 1 000hr E%hTiz (Photo. 2e),
Fe,Mo ¥ 500A BEIZpE L, NiMn 1303 & A Sl
T5%. FeeMo X 57¢ Laves #EIZ—A%IC#7  BUE BT
HAEE U BEEE% V. M3 5\ TlE, Photo. 2b,
2c TBBNB X512 FeeMo iEHDOR RS L WixH
BRI DT Lchd, RIRRISHERD bhixsoi. &

nix, Fe,Mo i it &3r>T Mo @ cluster H34 5%

L. T FeMo e LTERT %708, Fe,Mo b
EMH BT 53D EE 250 5. Photo. 2 thiz
WA — 27 54 PREIEIRR VWA, ML L FE#ic M3
TBENTHRIRFEISEL BT LM, +—2 75
A MEREA -7 54 MERBITIZEBRALLL X
RKDDWIEBREHWHE L TL 5. XEERX 0kdimt
— A7 F4 FEW, 500°C x100hr, 1000br C+hFh
3%, 26% T 5.

37 BHEAME

SPEREERZE L LT Ml BX U M3 wonTfiko
7o FEEhRTOEMILAEE & LTix 1200°C x Lhr fpzh L
ZTDRDB LN NTF Y4 PESKE, HA -2 54
4 PREMN M1, M3 L itk ® 150 TEbdTHE
WThok.

Fig. 713 M1 5 X U0X M3 Iz k13 3 L EVLEEIREED S |3E
AEROEE D REMLIE - E R LD TH S .
Ml OREEIFTD #BE, BREINTEL LEXAMHE S
(68) WELEDOLIEHNOETSEES, HBHAIKZ kb
U 7R$. 500°C xO0.1hrish3 % &, 0.29%[iH (00.2)
VST T LIS T 5. RADHE X DE SR 2
hr BEZHCWE, EMARMAEE CARRER E24E UM

100

3]
(=]

o

—
o
o

Stress (kg/mm?)

100

50

Strain

Fig. 7. Some tensile stress-strain curves of Fe-
926Ni-4.59%Mn and Fe-99,Ni-4.5¢,Mn-
6%Mo alloys isothermally aged at 500°C
after water quenching from 1200°C and
and subzero-treating at —196°C,
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Fig. 8. Mechanical properties of Fe-9%Ni-4.5%
M and Fe-92,Ni-4.5%Mn-69; Mo alloys
isothermally aged at 500°C after water
quenching from 1200°C and subzero-
treating at —196°C. Broken lines indicate
the difference in ¢y and gp (dae.2 and
dop) between these alloys.

Wi+ %. 10hr BERh T oo IFELLFWA, BEAL
LTI R S, 100hr 1T B E oo WAL,
ITH{ LI/ X WA OUIEOEMT 5. 1000hr TR
X5 doz 0B &AWHEHATSH. LiEoX S, Ml
i F51F % zone 3k 8 NiMn 4RI X DREIELD
R, B X OHENASEERE N OBEE IR R LD THEL
wmxnszLl, ThTHEVWELWEtOELSZ LT
H5H.

M3 ORSIFTO S -, Ml OFE L IE
FEETH 5. 500°C x0.1hr B%h¥ 5 & go. 23ENML,
Ohr BT X LI LT H, Ml oo X 51
FREBEXETD L PR HOMUETY. T
i Mo DERIMC & h EREIC T HHEMIIE L &
X5, 10hr BENTIE o R THRDT IR, MU
13tk + 5. 100hr BEgh TR RILE AT In TRE (LA
DK =T AE LD bR L, T i/hE v, 1000hr
FRAhClE oo WIRAT 525, MIELIZE 5T
C OMEL I THE{LIE Fe.Mo 1T X HRFEME(LORFH &
A% ENTE, EERElozone 3 X0 NiMn 2 X %
EEhEE(l & SO THEMNTHS.

Fig. 8 13, LLED XS L3I » 5[/ Hhic Ml
B LT M3 @ 500°C EHFRHNIC X 2 0.2% M 1) (00.2) 5
B13E3RE (oB), H—HY (6u), MU (6) FXU
D (o) DZLTHSB. M1 13, 0.5~5hr DORFFHEXFE T
BT R E A U, 002 08 WIRDSNT, Fi
Sus 0ty @V30TH5. 100hr DL EORFNTIEDS E S,
PIZELIBAT BN, ooa o EFITED LREZIET
DEAREEL D /XL 5. ThbOEBMEEOZE
(bR E NG5 L, RUHEOEC DD
A& BEASEFRIcH D zone HBH i NiMn 2BAERT 5
RESHERIZIZ Y b, 6, o DHWKIEXF—ZAF 4 FOWH
+ 5 BRENKAET, A —2FFA4 bb o, DK
KHELELTWAEHDEEZEZLND.

M3 I, zone ik ¢ NiMn iz X % (SRR D RE(LER
BRI 35\ T b BRIEIE &< LIt wvds, 602 08 DX
LrHiwd, oL, o602 o HBERKELDED
LR LIZUDS &, oldEINS. L LEE
BiRl> Fe,Mo D#THIC X HE{LBERICAD L 0, ¢l
BOWED L, i 50~100hr B54h T i3 gy FIEE Ly &
D XSI/IEL 7B, 200hr DL EOREFITIE, 6, ¢
BECEENT 5. $MIBELELZEDT (98-002) 1T
20hr J_FTRESHRERAE & bzt L, Fe,Mo iz X 58
{LDRFH LD LND.

3.8 mmEAEHK

Photo. 3 3 X (% Photo. 4 1, Ml 3 X8 M3 03|
PESH B ORI R o ElEi T, wWh b Fig. 7 D51
phigic ftis LTV 5. ML OBERRhET O BEA IRAE D Bl V.
£ TH»s dimple pattern 7 S5 EMHEER THS. FHi
g L7z 500°C X 2hr Bho Ry 3k AT 2 L, &
BRI S — B /R T 72 X S T T~ E RT3 R 4 W BRES
xhad. CORRZEEIRX T 10p THA—AF F A4
MR —F L, AX—AFF 4 MERCHEELEUR
L ERHHLND. 10hr BEFHOWE S 2br RO LD
LIZIFREEETH D, 100hr BEEghoo ik & RgERE 27
555, RIREMEIC Xhd THiEZL river pattern KD %
D H 5t dimple pattern 23T, FRERFICHFOE
ETEROELTWHZ EERT. Zhit Fig. 7 %
vt Fig. 8 TD 6§ KX ¢ OEIMEIGLTED,
B2 & LB TH S, 1 000br REFhOEE A EL K
s dimple pattern A5 D, BUOEEEREZE L,
Fig. 8 ®d, oDIEMER G LTV 5.

Photo. 4 I k5T, M3 ORFEIBTOBEAKAED Wi 12
M1 RERICHEMETE TH 5. 500°C X 2hr RFEHOBEE
VI, fsM7c dimple pattern A 5K 5 EEMEREE & river
pattern %4 % MEtEfkm & DRE Lch O THSH. 10
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hr BEEZhD BRI 2hr BRSO L NIZEHELL TWvW 555, X
B EERE T—ERICEEBES#ED SNE. Th
DR ML OF URsshikEEOB M R EL2 215
& ELDTUMEETH D, Fig. 7 0|5k ghiio ik %
X L<FEbLTWvWS. 100br BETIEIBA — X754 M
RCOWNBRYPELRY, 6, cOELWLT LS
7R3 . 1000hr ROl L RBIEEX ST 5% R
FKHIT THHTHEGFES dimple pattern 7 oo
B bI, FREFETOLEROEELTT. DroX
SIMI1 & M3 OBEMENT E b D MEE RIS,
Zhiix Fig. 7 5013 Tig. 8 OEEMMIME OME
HEDLDTESRMBLTWBEE RS,

= —

followed by subzero-treated,
100 hr,

4. & g

B30T, 328 LT Fe-129%Ni-69,Mn 44 % A
WT Fe-Ni-Mn = v5. 44 b E SO Y TN
TDFHEHRE LY, FifED Fe-99%Ni-4.59%,Mn &
ORI X DHELELE, ToBRE £<RKETDH
5. ULH L Fe-129,Ni-69%Mn 4101k UCrEshaEIR
RIFRARC 28 L, @2F 500°C S5iEm4hs 35w U
= S 0B O 5 EERANIE, TFe-1294Ni-69%,Mn &4
@ O.lhr =L M1 Tix 2hr TH5. F7-, Fe-129
Ni-6%Mn &4 500°C X 1000hr EEZhClE NiMn #
FIEERTHB LA ~2AF 54 b ET7 254 b 248
SRl &7 5435, ML X Photo. le R+ X dSiwe—

Photo. 3. Some fractographs of Fe-99,Ni-4.59,Mn alloy tested in tension. (a) As quenched
(b) Aged at 500°C for 2 hr,
(e) Aged at 500°C for 1000 hr.

(c) Aged at 500°C for
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Fe-9o,Ni-4.505Mn <15 v 44 + 4 orsh@Eb: #HRvEEcs 1 @d Mo o RgE 2443

shicA{b L7 NiMn ¥F2EHETS. LrLio
NiMn B F b X S BRI & a8 (EH T 5 TH A
5. Fe-Ni-Mn = v 5 %4 bMAE&ORERIORFHIE 2 18
Lyl &% zone AR TH H, Zd zone bk fct NiMn
Mo E LTEM L, zone p3 NiMn 285 588 THRK
OEXHELNAHDY. zone LY NiMa fi7Fl3HHH
LEABERICH D, BEOTRICX D0 T AE{LARY)
Witk sFHRA L% 2 b, NiMnfy-f-53 8K VX
¥ 5% Lt Rbhikibez 45, SbiKA—27
F 4 ka5 & NiMn JBFRZEE &) B
HEBT 5. bbb NiMn REHEEMRTRERL,

RS 5 WIKHERERTH 5.

Z @ Fe-99%Ni-4.5%Mn &4 Mo % 3~9% i&fn
LT, Fig. 4 LR 5N %X 51 FeMo DIFTHIZ X B
Wit OBEBELXRTE, TORNECEBIFRELR
@2y, ohld Fig. 2, Fig. 3 OREESHTEL
s th s O bR SN 5. HFAc H, Photo. 21275
T X S5k, NiMn o4k E L OCFEFE&ERRIZ, Mo o

Timd 5 wix FeeMo ffHic & h 8o v L3890
5h5.

Mo # &84 D Fe,Mo DITHIC X HEFEhEE(LIT,
SRS T NiMn 2 X 5 D X b &RE,

FimkE

Photo. 4. Some fract‘f;graphs of Fe-99,Ni-4.59%Mn-69,Mo alloy tested in tension. (a) As
quenched followed by subzero-treated,
500°C for 10 hr, (d) Aged at 500°C for 100 hr,

(b) Aged at 500°C for Zhr, (c) Aged at
(e) Aged at 500°C for 1000 hr.
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SHTIRBHACEDIS. COWMBIEFEL TS5
®, BEHBHWITHETIDWTO Mo fEifimo M1 05
& roErROIE, thi FeMo o X 5E{kTi+
H5EHE5ERETZENTES. Fig. 4 XU Fig. 8=
BWTHHTELE 4Hy 53X dop Opitgssch T
H5. M3 o S00°CEhicHlz thif dHv X 4o
13 Shr F TIRIEIF—EHBWITb Bl T 553 10hr
LA ETHEANL, 500br fHATHRALEES. Tihbbh, £
e LT X 1U~20hr DL CIRIBE{ENEST
555, Fe;Mo O#F51L 500hr THRAEADZEEE
k9 5. F7z 0.1~5hr OFRsEIFIE T 4Hv, dop 13
TE—ETH DD, LOEERESTToX h, bbb
Mo DOEIFELICHEY TS IO LTELIKE V.
Zfix Photo. 2 b & Mo @ cluster 3 5\ X zone &
EZOLNBNFMBEEINILT LMD, FeaMo DifH,
IS DT Mo @ clusterd 5\ X zone H4pE L, &
LEEQCW{LE AUBL DEEL RS, TOEMZ
400°C s X O° 450°C B TLRHDLNSE. ZD XS5k
Mo cluster O4EIE, Fe-Mo 2557 = 54 54T
FTTCREDLNTE N, vz —UHickwTd
EEINTWSZ LTV, KELITHWTHHHATFE
MRS 5. @ cluster WIEHEEEEERIcH B & FiE
TNDHDS, PIFHH 7o DEHO §4IC LD strain
contrast [IERZZIT & D7z. L LAFROT TG
THEEZLNS ZVF B4 O XEEEIHTHEOEEE
1%, cluster D4 ¥ X F Fe;Mo D #T BAIHAERRHE Tlak
EREERL, LA 2TIhLoRTiE z orShEE
TRHBELESEY BT 5 LilftEans. FeMo 13R%H
L E DI DEREIHEML, FASBE~OHEIBTR
HLNIEVWDT, FEEEMEE 2 bR NiMn D&
ERREAMNCEL D, —F, 18%Ni v — SHOH
HiE NigMo TH 2 & T 2HEMNE WA, —fFic Ni
oé‘ﬁﬁﬁ‘;&\f&< 5 & NigMo Zf>2>T Fe;Mo @
WHT HEEHEL R HEANH ZHY. FHL&ETIE NI
DEERMBP I iz, Ni, Mn HifiED zone
BX O NMn BEFERIND DI, PO NijE
B bitiE<ix b, NigMo X b { Fe,Mo 25HTH L=
TVWbDLEEXILNS.

F—A7F4 FOEREELR MI~M3 03X Tk
W Photo. | IiRFT X5, HAX—AFF4 MIRE
LT 2GERPS L TR LBRCRET S, &
BORE b MI~M3 CTREEXITRL, Mt Bb¥ir
HWEME R L. Ticbd, Mo it — 27+ 4
FOAERCITLEAEHBE RS L VEEZLLNS. Li-
HOT, Ni, Mn, Mo ;@BEHIO w7 44 M FH

REBZBFT 5L E Ni, Mo [IREICEA—RFF
4 bRiziREES, Mo lxF 2 LT Fe,Mo & LTHHY
LERIZNSOFEFIREDK VT - 54 Miisb EH
ZHoh5.

M1 eI HEVWE Ui b3 4 U, SERERBRTIRIA
WEFSHEIIHC b b RIABEI AR Z L, T OBmIIIAEA
— A7 74 FPORNRBIEMSEET 5. Feng 5 (32,
OO ERY Mn, Ni ORFREHICIDIDE L
Twd. HHEOERI XD EESHE LT Mn, Ni
FRA~DORBITIIEMT 555, PlabP Ui
LDFBERPHDH fEHix BT Lt 08I %5
#%, FEELThIE Fig. 7, Fig.8 WRTX S, BRMEk

ZxIFD P LERICZDFEHITD Mo iz L 9
Mn, NiOfRFE2HF o, WBEHEEZhs &
iTisd. La L, Fe-Ni-Mn &&0 /b FE %70
THITE, XLEEMNLERSLETHS.

zone 35 X O NiMn (C X 285508 (LD b 5 1 DD4EH
W, Fig. 7 @ RT X 5B oHEmMs £ LT BRE
NOWKE LTHEINS Z & C, MIE{LIXREhET X
DL LABDT S, Zofmi: Mo ofihiic X 2T 328
bLisv. —fgic GP zone 5 VI LT VW F%
EUAEOREN-OTHEHBIRMED 0 LELLT 5
b, &EMLEDOX S BV F2 4T84 0sE
FHOTHEBEERYD, EROMMCE LNty
R ERHMBN TWAHEY. FiEDE {L#EE Mott-
Nabarro ®Tdh H, 1£#EIX Orowan op*&ﬁﬁgt; 3.
zone ¥ XU NiMn T X 58{bix, M1 TR 2
£ L5, M3 TRIE(LREDS RIBIL BV ORL %
iIesshaio g L UL Tv5. £/ zone HX W
NiMn 7 FI13AHHE L BEABKRCH D, BRI Zh DR
FzUBILGERTESEELALNS. L2 TLo
(LRI Mott-Nabarro B TH 5 5. M3 O Z O
HEXRETIX Mo @ cluster DKL ED LN EHS, Z
N EAOBE I AE & B Ffoigitic X 218k
£UBLEEZLNS.

—% Fe,Mo T X 50f{kix, M3 o 500°C x 100hr,
1000hr REZHDT SREBABICIBIMICIREND X ST, &
LEORVWARELMTELXEONS. 0L xDé&E
HMBuTiE, Photo. 2 2 7RT X 5 A & DA R
> FeeMo FiFmffET 5. Lch 2T R FIIE
EmE & H#E S, Orowan Bz X 5B(LA4T5 &
Zibhd. Kt 8%Ni-6%Cr Fwvx— o453
@D Fe;Mo Hriiic X 21#{b% Orowan HEIgic X 0 3i8f
LCwd. DlEDX > M3 Id Lt 2 RO
X 5ROV TR Hbh%S. Z0&&ETs T
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Fe-99,Ni-4.5%Mn =L F v 44 + E4&ORYELLLEROEE IS LT Mo Rino g 2445

BRI RiEX 1T, 450°Cx 10hr B5h T op=188
kg/mm? TH2H, BEIHEEORS RIFLHEEE
L LChi, 500°Cx 10hr BEEHIC 35135 09..=152 kg/
mm?, ¢p=162 kg/ mm?, §,=4.3%, 6;,=12.6%, ¢ =
37% ToH5. ZORENE, NiMn iz X 25{biL:EE%)
HRILEXRE T, Fe:Mo 12 X 288k & U T \IWHAERRE DIk
BRICFEY T 5. $ b birtioBi@n fE/a kT & Rl fE
R FOBEY IS ERBEREOMEET X D iaRE» /LN
LHDEFEZLNS. ZDX SR LWHEFEOE
DOITHIEZH T 258 0MB, FOIEHLZ ENSIOESZ
X DR ERIE A ke B &V, EMISRBIF R
Nig—o2DFELEEx LN, KR ILTOHHIETES T
ERTEXS.

PEE & MO RIF ST DB SN RN A 6 X
5 &, FeMo TR & & I MK T L, Photo.
YR T XS REEEAE TS, ZoFERE LTI,
Fe,Mo o#i i & & 4 iw BFED Mo B34 L, Moic
X ORISR T WwWeNi, Mn O FIRITASERYT 52 &
MEZBN%S. X5z Photo. 2 R/t & Sz Fe,Molx
FLFCHTIR T AR D 0, ZHPRROBESR T1FC
WEHETHERREEL(RETHTHA S,

MI~M4 DT NHROELIEIED D W T REERRED)
WWEDA -7 54 bABTHIL, REEMEDOKBITHER LT
LEECHEETDH. ZOF—2FF4 bOAERITHL D
TNIL— U B VT Bbh, B D W IZEIE R SR
BT LHLFHLNTWEN),. Ml oEREBESE X 5
ZLVIEMOEEIR, 204 —RFF4 FrORFTHER
PHEFTHL EZE L HND. M3 o 500°C x 200hr L |-
TORFNC BT 5D Mb A — 257 +4 FHBEFSL
TWw53DLBOLNE. ZoMotER, Ric4E
KA —27944 b2, RMABREORKEEZEX 1D
BRICIRIT LT Ni,Mn %IRRT 570 s HESH
5. L7227, ZOEEFTHEWTASHEK s
% X HIT58IR L, NiMn, FeeMo B L U8A — 2594
b DR, EtEI RIS THROREOMET EEKT B
ZETXY, Xh—EEnREEEEs 35w
FETH S 5.

5. &

AT, Fe-99%Ni-4.5%Mn<2 V5 44 +&&D
DR (L2 E) & U i 5 BRIE OZ LIt s XET
Mo DR#EL LU RS & 53005 SRIEEE & o FRRERI
BIEODWTCHASL DO THD. BONAEEREENTS
ERDERDTHS.

(1) Fe-99,Ni-4.59,Mn < L5 %4 h&4&DOER)

i

H{LiX, <734 FEENO 2SS NiMn o
FiI £ B OF AT, BLe & ic 0.29% i 7 ik
T BBELLMIET 5. Z ORI LILBRSIREET F —
A7 FA PO E LD CHESINDIPHRLTS. o
BT Mo LT HELERE xHE 0T LLew
7%, R CIRARIC 3513 5 FHABENIR C S e D iL
HREESND.

(2) Fe-9%Ni-4.5%Mn &4 Mo % 6% iRhnd
5 E, EEE(LIE Fe-Ni-Mn &4 08-4 0 NiMn §f 1
& Fe;Mo DIfHIC X 5 2ERFETRZIZ Z LMD XS
WS BND X D icie b, NiMn o#FHid 400°~550°C
T2 Z b, Fe,Mo ffHiIE 500°~700°C T4 U 5. #
FHOWLEERE Mott-Nabarro #ICH b, #HEDOLH
{¥ Orowan #ITHB. THHDMEEIIE -0 T e phig
DFARCEA Y X Siwmahi.

(3) zoMERTHELALERE LHEOREOHEE
& 69%Mo msinE4% 500°Cx 10hr EEZhL7c & i id
S, TD & E 09..=152 kg/ mm?, gp=162 kg/ mm?,
Iu=4.3%, 0,=12.6%, ¢ =37% TdDol. ZDLE
DEBMMIT, NiMn RF1Z 150~200A TH Y, Fe,
Mo 13 300A BEQAS XITHHLTERD, +—~ 257
4 MRIFEAEFH LTV WIRERBIZ Y LT 5.

ZOMFE R HED DT X 7o D R TERE AL HER K
KB EMEBEOHNE B LR LBEELET S,
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