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Unstable Plastic Flow and Mechanical Properties of Substitutional
Iron Alloys with Polygonized Ultrafine Grain Microstructure

?‘ Masato ENoMOTO and Ei-ichi FURUBAYASHI

: Synopsis :

‘ A study was made of the strength-ductility relation-ship at ambient and low temperatures in
’ substitutional iron alloys with about 2 at% Al, Si, Ti, Cr, Mn, Ni or Mo which were cold rolled

| and subsequently annealed to attain recovered and/or partially recrystallized structure composed
¥ largely of polygonized subgrains of 1 pym or less. The deformation behavior in tension of these
\g‘% ultrafine-grained iron alloys was shown to be characterized by very small elongation owing to plastic
, instability, which caused necking immediately after the yielding or during the propergation of the
: Liiders bands. It was found, however, that some of solute elements manifested a remarkable effect
of improving the ductility and that the effect was fully maintained in the presence of the third
element, such as Nb, which was added to retain high strength pertaining to recovered state as a result
of a well-known retarding effect on recrystallization.

The occurrence of plastic instability was considered to be intimately related to the change in the
Luders strain with the deformation temperature and grain size of material. Accordingly, various
factors which may affect the Luders strain, i.e. the mode of slip, dislocation structure and distribu-
tion of interstitial atoms, were investigated in terms of the influence of substitutional solutes. A high
dislocation multiplication rate was found to be the most distinctive feature of the alloys which
exhibited large elongation at low temperature.
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Table 1. Chemical composition

B L IEME DO BA(R A FEAICRET L7e.
REEBHBESIIRBHE DOV o — F—AER—FEOW
IO REL OB AFCRETHEZEL DR TEHW,
Vo — X —ABOREENR, HBE XY o — KX —AFED
KEIL TR THIRT L EELCHARYRDL L EX DR
B, T, Vao—F—ABKEOTREE, &IOH
WO R OBZEYIT 2T, T LcBERIEBERET
Dk OTN Y oME, B0, BAOHFERREK
FeRXETHEYR LT, REEHEORSE, BB\
EOMEIC ED X S HFLE LT EELZ L.

2. R B # &

2.1 & ¥

AREECRE & LR LicA & Db % Table
1L emd. L BB LICAEOBRBOFRE, IV
BIETEORME (Wt% TRLTHBH 2atd il
7ob X 5 HE) XA E B L. %L, Nb ik
THES 2 B 3%, MoBEEaREOE DI S BEMIEE
DERAEIAL T5EHTHRMLTE D, wnEx ~ 0.1

(ppm, or % with underline).

Aoy Al Si T GO Mn Ni Mo Nb S G N O
Fe 50 90 20 . 4 5 — — 8 100 20 17
Fe-19,Al 1.06 100 20 30 100 — — 5 70 20 7
Fe-19,Si 50 1.00 20 — 30 100 — — 5 5 10 20
Fe-20,Ti 50 100 1.96 — 80 100 — — 5 9% 20 24
Fe-29,,Cr 30 20 — 199 150 — — — 5 50 50 o4
Fe-29Mn 30 20 19 - — — 50 5 50 62
Fe-295Ni 50 100 20 — 3% 205 — — 50 100 20 15
Fe-3.5%Mo 30 20 . _ 150 — 349 — 50 20 50 12
Fe-0.12,Nb 50 20 - _ 150 — — 0.4 50 140 50 66
Fo0.194Nb-1%Si | 30 1.08 — — 15 — — 0.2 5 9 50 62

Table 2. Temperatures of change in microstructure in iron alloys 90% cold rolled and
annealed lh. Annealing was conducted at intervals of one hundred degrees

with a few exceptions.

Alloying element
(~2 atgp, *~0.1 wt%) iron

Unalloyed o} g Ti Cr Mn Ni Mo

Nb* Nb*Si

Maximum annealing temperature at
which no obvious subgrains were 4
observed: T,°C

Annealing temperature at which areal

fraction recrystallized exceeded~0.9: 7
T,°G
Average recrystallized grain size at T, 13
in pm

00

00

.5

400 400 500 400 400 400 600 600 500

600 650 700 600 600 500 900 900 800

12.6 8.9 14.2 8.2 7.7 4.6 10.3 88.5 56.3
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% THA.

BESDY o — F— AWEBRBMOTRD G0 AR
EFloBER, WRTHEM LC TodRmREoX X\
BESABORBREZACTHEo. R LEBEILE
B SMH-5B FH@FIEH ¢, BEEFEIL 500kV ¢h 3%

FIEREY, 1 vA e v EIRBE I D, FTE
DEEX 0mm, [F 4mm ORCREKF AV, BHEE
3x10-4sec-1 Tfyote. BBHF OEIWX AR OL 0%
B, 0.35mm & L. %7, AR O R EHUT
3.8x 105MN/m? Tk 5.

2:2 BABEEREKOBTONDIEINEE

Table 2 & &4 oWT, 90% AEHE, 1h ok
gz L oTE LR AHEBOBEB I ET SRERZRT.
Tihbb, T, XEHEGECHRELEY 7 7 vl VoD
bhicWREEE (2L, EEAREEA & L 100
°C k) HRT. T, XHEERDEN ~0.9 LI EThH
D, HFERECTNEYIETES X 5B BETH
%. Fiz, Table2 iy, T, ki) 5FEEMEMME
LRLTHS. B, HoBREMIRE L IBERER L
T, BRELOoOb BRI L, BERORMERE &% L
bhav7 7ug vaNBE LW AHEBEYIRTI0LE
2 BRBD, KBTI T 7L vORMLEBR IR
TWwWb & Bbh a4 4%, Table 2 ©» Ty\~T, @
BECHESKAHBY T ICEyBERHAR TSz &
=35,

Table 2 75, Mo » Nb o¥hnic I % HEil 4
DOEHPEMRELEEZ BRI SS, Photo. 1(a) &I
(DYRbh3 X o, WHOMIIIK X ciELD
5. Tibb, Fe-3.5%Mo & Tiav- ¥ KEHEREMA OB
HEROFIBETHLY T 7 vA VOBEIEATWED
et L, Fe-0.1%Nb TS A EMITREDF ¥ LB

bBha=t )y 7 A0HRRKERBEEGNARDN, B
EREEROEEN NI W EERLTWVWS. 20X
TR, WHOFBHRNEDOE LI TELR T 5.
fip &4 iz, Photo. 1(c) » Fe-18i mX5ic(a)
DRGNS ONE L Rbhi. ¥, Mo, Nb, kX
O Ti SO TLETE, BELKTORELETIES
HRPR B S,

3. R B &R

3.1 ERER

Fig. 1 1z, 450°C THeshi L7- Fe OB A O
R & ChicsHinT 55 ML RT. 23°C L -78°C
THIEoRB R, RO —-EREE I Bbh
Tw% (Fig. 1(a)) 2, chicsht LT, 5l
b EREREE, LIEBL fE—ED foX HFEL TS
(Fig. (b)) . 2Dz &b, RE—ERHEBILY o — &
—AETHD, ThOLORBRE, Vo —F—AHOR
BT, BRI OhEE U THE LcEELDbRS.
Zhicx L, —196°C oB&13, BRE, Ebhelh
BHELLDEREDNS, 20X 5k, FlEME M
THEE Bbh T, BRE, fEI—EDXE, H
LT E R U TR 3] 5 B EENIREL E Rk
%E) L IEh B2, ChIRERAERE A B T AT L
LB bR, FRAEBREMET T3 EEHbLAST
W ESAIB T BTN,

B&EC L oL, BREGDEIENT S oh, B
M T REEE X B BRERAE, VY 2 — X —2EH, B
T O R O T 5 BE O BREMEE M H b
hic, M, EMBEEMNMES LBERE, ¥, EHRE
METT5rE, BEBRECEC Y, TEEROES
2 BT B EFAR bR

Photo. 1. Transmission electron micrographs of partially recrystallized structure. (a)

e— .%Mo

90% cold rolled, annealed 1h at 700°C, (b) Fe-0.19,Nb treated in the same way as
(a), (c) Fe-194Si 909% cold rolled, annealed 1h at 450°C. x 10 000.
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Fig. 1. Examples of (a) an appearance of fra-
ctured Fe specimen 909 colled, annealed
1h at 450°C, and (b) tensile curve.
In (b), the slopes of the elastic part are
not equal on account of the difference
in specimen thickness.

32 BZESDHEELEN

Fig. 2~5 w&a&4& o 23°C & —196°C ki 5 5]
Eo X AIRE L EEOBRY AT, BT EFERE EE
DIEE L LTI TRERIGT), Tiebb Y o — F—AH0
TG R & 0, EWHOREEE L CIMEORE TH M
KRB EODOOE DI, Vo — = ABEBDOET &,
MTREbIZ X o CREEM T 5 8% O 5 BEAHEE %
FLid D2 TRI X, —FOE—%KT5. K
v, DA ~20% LI EDORERA L, (@IEEEOTIRE
MEBERL, ~1% FO O AREE R
10T, BIRBEBICHER LicbDEELZDH ENTE
.

M, HesifmEs 400~700°C Db D% 7 my F L
<hb, E&icroTx, Table2 T T~T, DHiH

CADTWIEWEDEEENTNBD, TDOX I IEE
iy, T Dbk, 7T, DTy 20Ttk
Bl 72721, Fe-3.5% Mo, Fe-0.1% Nb, 3 X}
Fe-0.1%Nb-1%Si © 3 &&1c2o\Tik, 400~900°C
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Fig. 2. Strength-ductility relationship in Fe and

Fe-19,Si with partially recrystallized mi-

crostructure. Specimens annealed at tem-

peratures above T, are marked by under-

line, and those below T3, by dotted
underline.
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501 V  Fe-1%Al ¥ 196°C
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Fig. 3. Strength—ductility relationship in Fe-29%
Ni and Fe-19,Al

o B Fe=2%Cr = .
23%C < Fe-2%Mn = 196°C
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Fig. 4. Strength-ductility relationship in ;Fe-2%
Cr and Fe-29,Mn.
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Fig. 2 2B H2ais X 5, Fe L0 Fe-18i &4
DfFiciy, 23°C Tl EhiE EREREEX D, —196
°C TiX, EHCAERRENDD. SiDOZDXd7k
MBS IEM B DR R o Tik, Z0 Si EE, B3IV
CEBRIKTAHEAEMR L L, T TR TLiN
7z.

Fig. 3 cEbh 5 X5, Ni 5003 Al %ML
Th, WE LIEROBIFRIL Fe DBAE LRV ELLND
fo. R TR WThoRBAE WIS EBE YR
L7=. Fig.4 ® Cr 58X Mn OfITEDIZEALIE
B OLYRILI. Ui Liaaih, 700°C ThEsE L7
Fe-2%Mn 447, —196°C TR EXLEOERRLIC &
BEEHEhD. Z0&EoFRMER, RBRFKHE—Z
BriEEo LThwb o xR LT, B|URRAFE, 23
°C THMEI BTN T 2 —ERER S L,
Thbo BIEEEHEEIT kick<5 Fe-2%Ti oxh
EEELLL T\ e,

Fig. 5 @ Fe-2%Ti IWMEMRE CTNTORRHN
P — T L. —196°C ToEMY, Fe-1%S81 &
Hicy, HEITERLHTHDD, BKECHD. OOME
IR RFEEC LD E RN B ELDEB A bR,
e L LTy, FEHRE L end s Eme B ot
Fe-3.5% Mo & &DEE &L DV OBFRI e kL
T\%. 23°C TO5EE D TIRBEMIERE 2 600°C LI
T, EREREZBLIT, IRIERCHEN U Bk
L7y, 700°C DL ECigiv ERRREARRbhic. HE
L DVDEIFIL 600°C & 500°C Beshiod &5 C Hrnfst
DB, —F, —196°C Tz 900°C HEplir o F X,
WIS REEBERIBZ LT L7zas, 700°C BEsE
DR BPARLREM,E R DB, OO ErZiDTe.
23°C T» 500~600°C A+3FE, Fo¥ —196°C To 700
°C BB ORE CHRM LB BE L Th, oK

0O Fe-2%Ti @

23°Cc -196°C

Fe-35%Mo =

o
%

°/
P

Elongation,
(31

9 7. ¢ 1 13
Yield stress , 10 MN/m?

Fig. 5. Strength-ductility relationship in Fe-2%
Ti and Fe-3.5%Mo.

OCO Fe-0.1%Nb -

23 _1 Oy
50+ ) A Fe-01%Nb-%Si A sec

Elongation

5 5 7 .6 11 13
Yield stress , 102 MN/m?

Fig. 6. Strength-ductility relationship in Fe-0.1¢;
Nb and Fe-0.19,Nb-195Si.
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BRAKBZMEHENRS 2 285 T3, EE,
Table2 wdREINTWB X5, Nb % Fez 0.1%
N5 L, MOrEEMMEBOB LN LRERRIILK
I, BERELYRROFEME CRFTAZ LATES.
T, EEFED FHROEFL Si L Nb ¥REEFC
wMLick &, EDX5IRELIESED L ZAER-NED
s R L.

Fig. 6 & Fe-0.1%Nb, ¥ X' Fe-0.1%Nb-1%Si
DTRERIGET EDODEEFRERT. 3, HERTIIHRE
LDV OBREYRNTEBORED Fewth, Wadd4 s
LIERehicis DT 5. Z OFEANL Fe-1%8Si » 5\ ik
Fe-2%Ti b Roh, bbb, HRCKTE
HEEHEL D EELDRS. KR TR, Fe-0.1%
Nb %, FTNTHROARLEEELXRL, Fe LT LS
CIEHIZIZ LA EEeimiiv. LasLisdth, Si %8
T 5 EMBHCOONAELTWA00 b5, Hik
iy, Fe-0.1%Nb-1%Si ©F», 77 v4 voli
AR REA THARBET, RHYKESLEZFED Ik
Dotz

ZDXH, HEEAEEDORDDILEL OEEEINC X
DT, Si 7o OHMBERILRZ £ ORYE % MircF
BT5ERbh5.

4. E =

Fig. 7 @A S L ORHRcEbM A, B4 0EHE, B
iEERRRIE B B kA & 05 R OB A AR I/R .
B, BRI E —Eoo (sv) B LT HWT
H5. HLxOMmFIE, RPRARLEISY) o — X —
AZE (e1) & ey ORPBERBHRIBLTCB EEZ bR
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Load (nominal stress)

Tensile strain

Fig. 7. Schematic diagram of tensile curves exhi-
bited in tension of iron alloy at various
stages of recovery and recrystallization,
classified according to the relation between
ey and ¢p.
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9, 2 0N LB I h o EEAHROSES
STRLEBIBELILD, & DBEAIIL, su>eL>0 23
R LTWaEELZLRS., 1 0REBE—EFKEFEHLL
TR, ¢2=0 THSTLLELDLNDY, BH—EHI
LRSI B s 1V oRlY Fe-2%Ti ©%<
Hbhie, 4&50 My AWM 41w
5. 5 O THBRERBC O ERAE L THEET5.
4 pFITIL, 6L L ey DENEHLTED, V) a—4F—
AENMEEE RS T L 0D, EEORF, b0 E
CTHPDO—E, B H\NLEL , FTCTEWIET L, <Th
BHEUTCENTAC LIS EELDND, e & ey D
BT, BHTOL hORENEZ b\ EAR
KB, 30RO K, ME—EDCEE, MUE
Dey WELIRD, BWTHEELLRS. WoHEE
FURREDBBRMARIL, KEA 3~ 0BELTW5.

TDXA, &L &ty ODRPERKLID, VwWAHLS
7R DB EEHEEN BN D EE L DAY, v N E
S OEERPRBEHETHI B LR EEXL DR LY O
WL, e XEVHORS R, AWMERE, H50IEE
WK X EETDZ EBMbA TS, Lich
ST, REEBUEORLRTEE, & DREILLOE
b shs o EBXFREINSE. UTT, ¢ DRE
X HRTIEATEOVCTEEEED D.

41 Ya—H—-RAFRADIRDKOER

—i, TROBORMR EEHbh D TN) OEE
DI Y o — & — AHOFRAE, HHWIELDEDORE
X FD X5 EEYRIETHCOVTERI@MLED
AT gus. LasLisdih, #BAR®9 X 5kRD L5
gt s ORECE L TRBY 52 T 5. &ARIC X
iE, Vo= F—AEIMELR B DI, AR

HERR Lo BRic X B IG IR o T B ikl
FTRYEBE IRBENR, bEOBBNALE LR X
EHLENDH BN, LTOI\, KETND, H5VNE
MR ORISR £ X0 CH LWERAMIRE (D, BIPIcE
LB OFTRY EHEC LT, AEHOMIFE>THOE
EHLLT b DIRE, Va—&—2E»Ebhed<
75 EEBEZ TS,

bee $EEE T, —BC, TN R Lo CERAIE
IEHDRIC D ERM BRI T BN, HPFENIEED
BRAEREGS OB ROTD FEZEr L, KR T
(123 BEB L < Teh, TN EaFEr {110}
FTROBEO P V—ANLDBERINLLO5RDT L, B
IO, X5 efHEy, BRBEEHRTROFEC LD

(a) Fe (e=12%), (b) Fe-19%Si (¢=12%),
(c) Fe-29Ti (e=5%). x700. (x5/7)

Photo. 2. Optical micrographs of the specimen
surface within the Liiders band formed
in tension at —196°C.
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T, XVEEERRBZ EEBE LTV,

L7cdioT, BMINcBBREBERTEDCS b, #d
T80T ROEBZFIR T 2@ & 0 OHFE
ETBE, TOAEETRE4OERIIIECORYES
CE2DZENTELnh, BowlcHEEinic 3+
DEBERTSHIORINDT, Va—&—2E0nEbhis
W, BHEGEBbRTh, BT H EELD
ha, TTrBEELI >, BECLEBEEE&EDY
s B =AML D HNEL 722 TED, L,
EHREMET 2L, LOEPREL LBEEANED
ha.

Photo. 2 |3 —196°C CZH4 L7~ Fe, Fe-1%Si, ¥
IO Fe2%Ti O ) o — X —AHERDO XEEETH
5 (F=12L, Fe-2%Ti 1z 5% B—%EW1E). Fe k
Fe-1%81 oMiciy, T EOERME, fThihisb,
BB YEOE LT, el Nt X 5 feEy ieE
BOEBEOIHLLc5 X 5 IBEEIIRD Shise.

UL Uiedy s, Fe-2%Ti Tk 0 o Bk ¢

BHHRELTWDD8E Rbhs. H—EHL, bl
Nk o, e2-0 OBR L Bicd o 8 TE, ¥
DEFTICE CABEO /NS WA IS & o TR
R EBEY BB Lo TR B EEL DL EMN
TED. kDX 57T BoREBEN~OBOE
EVRHBHNERSCTbhicz EoRTERBbh 30, &
D EBRAFEEIE-ERER S LeEE E ERCE
BI5.

R, TN ERRCR N RN FEE LT 5 00
Rohah, RRBEOHEEL ¢ ORXIFpEr s
2BEEZDBRS.

4.2 U a—H—ZBEROEKRMES]

Photo. 3 1= 23°C, & X8 —196°C C5[8E> /B
RDY o —&—AFHNOBEMEFIZRT. 23°C Tiiig
LDODIIRE—T, LZAEZARVIAEREBZ LT
WBDORRE BB, —196°C TIXA T —iic /s> T
W3, B E LTCOBMLOBRTIORKT, HHVILEL D
B OBEMRMEC L1, BEOFLIIKE S BETHR

(a) Fe-1%Al (111)

(b) Fe-2%4Cr (111)

(c) Fe-29%Ti (111)

(d) Fe (110)

(e) Fe-1%8i (357)

(f) Fe-29%Ti (111)
(x23/29)

Photo. 3. Dislocations in iron alloys deformed at (d)w( c) 23°C and (d)~(f) —196°C.
The indices of the foil plane were determined by electron diffraction. (x 15 000)
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Table 3. Measured dislocation density and multiplication constant.

Grain size Deformation Measured dislocation Tensile ~ Multiplication constant
Alloy (pm) temperature density (10°cm=-2) strain C=p/e (1019cm~-2)
°C) error: +70%, (%)
19 23 2.7 1.9 14
Fe 50 —78 1.4 3.3 4.2
44 —196 1.6 15 1.1
23 3.0 2.0 15
Fe-19,Al 67 —78 2.2 5.3 4.2
—196 5.4 15 3.6
23 1.6 3.3 4.8
Fe-29,Cr 18 —78 1.3 3.8 3.4
—196 — — —
23 2.5 3.3 7.6
Fe-19551 22 —78 3.0 5.0 6.0
—196 6.3 11 5.7
23 2.2 3.3% 6.7
Fe-29,Ti 42 —78 3.6 3.3% 11
—196 2.6 3.3% 7.9

* Deformed homogeneously

b, [ UHALCHETDBEN DD e, ZhbORE
BE LS EBEATSZ ERAS TR, LT, A
TREB(LPEBRNERCT L A BMEE L A& TH
B L THK.

Table 3 L4 &G4 DEMABE p, BIV, p=pot+Ce
LE L X OO BERCOMEERT. oo (3P
AT, X < B X NICRAETIL, po<10878cm 2,
KEE O MEGETE o210cm-2 THDZ &hb,
p~Cs LFEXDHZENTES.

AL O, Ham BRI L2k, Ay v
P, REOE S EDREND, BPOMEIIL
~70% OMFBEEN RAEhs. A&HOBMEED
B CRRICHRE LT c e E L., KK
S4ERske X A EIE T, B UBRCHE LA, K
BRONICHPBAEEDRKE DT 5. BALH
B, BE, IOEMLOFEEBTEM O, &<
bt p=e/bM (b iF-3i—n—A - <7 b)) OB
@0k s (LichioT, C=0ObM)-1) 25, ZORAND
Fe o BAfEH CTiE, M<5~10pm & RDLND.
Table 3 ik L FAEONEIVThd ZOEEZ LR
STEY, BEEECHTAREOHRIIKIKRE T
WEEZbRD.

Table3 w;b b5 X 5, Fe, Fe-1ZAlL IO
Fe-2%Cr THREMBENETFL &b, HERCHE
FLCWB DAL, Fe-1%8i, & X0UFe-2%Ti Tix
ﬁﬁ&%éb#b&kv@mkofxb,:@t@,@
ECcHEZEDHHCOEDRE LTS,

Lo AT, BIVELDORELET D, Va—F—A
# p : BB RNC 2\ TR LRI D& DFE 7 D37

XhTW5b. FROLDEMAT, B. JaouL AR
G O EERIC X D IEENTXD EDva iy b BT D%
(LR EOsEROEKILZ O X B 2, bW D “ges-
metrical softening” O BRI X 2C, Vo — K — AL
Wi T 2 HEORT, H5VIEEORERSMISE
OEEEHEAL LS & L. ‘

—75, JouNSTON-GILMANS®3D [ X % BR{7 DHFE & ¥R
RO IR L DRI LD TR 25EH 0
TEAE A S DY o — & — ABEROREN SRR &
FAUENDD. HERDY o — X — AT LBLORY
— B EHE 2 DB GAESBERO TN FCELT,
Wy s (2B O B NERIG ) &, —E D BEE X
B % 2 O LBERELNG T ORDED &\ 5 SR TIRE
xh?ELTw5., &, ZEDL® X G T. Haun ©
-7 KA B ERBR BT HEE, FEERNE (1
B\, EA) CHEALT, #0Va—F—ARRL
REEMMER R U, & OBAIZTE, BLOREESR
Mk X EETIE, PRSI~ oBErELTE, X
DN BB CHEOEMBEENRE IS Z LR,
[EETY o — & — ABOPNIVWE SR OIERL K
XN P ) AREROBEER LD L BENCER
LTW 5.

WINTEZ 10T, S4B E MR ET
BRIV, FRAEVRELATIR. LTH
-, bee B DA OBERICIE bE AN RICERKT S
A—r8— 3 g 7 (superjog) MEEIERAIIEE LTE<
BRI T\ 5. KREBRCIERMESI EDF
T o by, ER TR Fe-1281, kX
O Fe-2%Ti CREMOBEFENEIINS S, A—r—
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g PRI NS0, S o kR ORIE R I
ERYECELDLDLLOHEZLRS. LhLind, &
& DEBIEEE IOV TCOEMFET]), kLA
YRR T D& 7 Fic D\ TARBB e S0 %\ .

43 FARERRERTFTOEEREOZEL

R, RABEBIRTFOFERLY o — 4 — AHORE
WWEDTEEREREE: bhT& . J-G oGk
WTh, CRNK X BEMOEEBTE i s
WO I DLNEEHFTS.

AEBRCHOWEHEBOCK IONOEEEILFNFh
~100 ppm, X" ~50ppm THbH, ZhHOETIC
LDl EDSHFRRT ~DBRIIHR D KX 7
WERBRS, FE, BECIABETEEA VAL b
(B 25 IXBEY) B LOSBR (8) [k
BFEAERLRI D,

LosUishi b, BEREDHEE: X5 RO R IE
2, 30RO BNS. 3§, Fe BIUH, Kif
7 DE e EEREA R R Lo
Fe-2%Tin Fig.7 D UV DR TEWT 201, L4015
NI CFRFDOAHN vy 4 (scavenger) & LT {8 X
KIbEzrhREVWEELZBNRD., Nb L Mo
wd, Ti @ETiAvicLTd, NbC 7L e Bbh
Lo, RABFETFERCGBEAMEND S EE2 BT
Wi, Fe-3.5%Mo & X8 Fe-0.1%Nb 12z, 400
°C B XUV 500°C THEBL Lic—MORBRE 2 E,
FThbgiv ERERER B,

Si gk ORI ONE LY BIEXE 3 BX21352 &
Wb T W 530, BRERNC S 2 508, ERERE
DEMELS R ZBETRIREL TR, Fi, NLij
WEIAIE R TS L IR TB Al ogimd, Zhéwn
DI ELR R T LT,

3-2 FiCRlE THEME L7c Fe-2%Mn &4 Cit LKk
ROHEL, BH—BEIEZ S 2% <7, Mn |3
Si LM ROV E RET 2 2 ER A HR T
23 B, o REER X EBIR ET 0b o Tikious.
Photo. 4 1%, F&4&% 800°C TEEsE L7~ & X 0%
NTH, FRER LT 251 PRAR (B3I
oA d) r EAH LW 320083605, ¢
MULBESEAY Fe-Mn R0 (a+7) TR cibhicie
D, MR DIt BEEL RS,
L, 7 BIXBRCAHT o wEBELTCHS. ohb
D v MIEESIHCRAMBRFOY v 7 & LTEE,
TORER, 7254 b D=1V oy 2205, ZHLDE
TOUBREINRZ 2 202 bhs, U X5 T tlERK
ZHTS Fe-2%Ni 44Tk, 2D X 5% 1 WO

Photo. 4. 7y particle precipitated in the interior of
recrystallized grain in Fe-29,Mn alloy
909, cold rolled, annealed 1h at 800
°G. (x12000)

RO bl o,

5. #%

) kR ~lpm, B350 ZRHUTOHY = (L
e 77 vA vE, Bopem OFESKI Bc s B
KWOEE, &5 Mo EEREREE T2 BEREER:
ZaeIE, HERIMERT, BRES H5003Y o
— Z = AW OEBIBRP T O£ T 5 REEB X
DOTHETT 5 DDE .

2) »HBEOBEBRIVEISITLERY, TREBYDIES
HEL, ERTELCERHZEOHRELRT. ERTD
B URIRE2HT 54, KRG EBEF TR,

3) To#Fix, Nb Il 0¥ 3 TENEET HEE
Th, Bbhbz L. B3ITEOWBIMCL Y, X
D3 SR IERE L IEM D& HE IR 5.

4) BAZEBETREBFMELEB G EDOEAT A
LORFEZ<Z LY » 2 ANDBRETHEHEOH B TEESY
W5 &, RE—EEIBZh e %5, Ll
Db, THREFTCRESRBEC SRRV EEL S
ns.

5) EMBEDOHROFLVEE T, BROMER
A Felg bk o WnWB z EMRVWHIRE &
NBDES TR, KR CEMOBERES XL, becec 4
SOEHO B CBEMBI IS X RT3
SRAEM EDRA— = 2 VPRSP IRDT L
bha.
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