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Role of Recrystallization and Austenite Formation in Forming (a+7y)
Microduplex Structures in Cold Rolled Martensitic Fe-10Ni Alloys

Ei-ichi FuruBavasHI and Masato ENoMoTO

Synopsis:

For the purpose of finding practical means to obtain ultrafine grain structures, competition between
the recrystallization of martensite and the formation of austenite was studied during annealing of cold
worked Fe-Ni martensitic alloys in the (a+7) field.

In an Fe-109,Ni alloy a “microduplex structure” was formed above a critical temperature where the
formation of austenite advanced prior to the recrystallization of martensite. Below the temperature
the recrystallzation preceded the austenite formation, resulting in a “recrystallized ferrite structure”.

Addition of 0.189,Nb and 0.0294,C to the alloy caused marked retardation of recovery and recrys-
tallization of deformed martensite with little effect on the austenite formation. Consequently, an in-
crement of the recrystallized ferrite fraction compared to a given amount of transformed austenite
during annealing in the (a-+7) region is reduced to one fifth and the “microduplex structure” can be

obtained by annealing at lower temperatures.
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Table 1. Chemical compositions (wtg).
! i 1 i \ [
Alloy [‘ Ni ! Nb C ‘ N | o) ; S ! Mn
10Ni 1o L — 1 0.003 | 0000 | o0.003 ﬂ‘ 0.004 |  0.001
| ! | i
10Ni-Nb J 0.1 0.18 . 002 | 0.0008 \ — . 0.005 h 0.001
, - s 1 1

MOWER-T NUREDZ plo X ok figic BRoh s,
SR T 2N X 70T r MOARITEST L CRRAD < v
F Y4 PRFEEREAREI LT, (a+ 7)) 24K
b 5T, L NiREMCREMES LMKk 5~
WpoXEXOBEMLIT = 74 MIOESE LR

MR END. b bilfE# microduplex Hl%k
ET BB, ¢ MOERS T RICATT 55T

Bilok L2 ThbiiInih oiv, Zhid NijiaE
2 10% LLTOELE TR D RELRBERS.

D EDHEm»G, (a+7r) BoOXIAEWVRES X
Ni JEE§iPH CHES T microduplex HliiZF R S ® 5T
W, 5D EET LRI L, BEHcI s
=74 bOEREZIHT 5 LIEHENRE SN KT
EERERIEBIRORZ VW Evbh T NbiDg Fe-
109N ot LCA i L, £OWEE GBS XU r o4
BRI BETHHREPLCHE L. Cog4s, Nblag
{Eis EDigh, NI LoibEMERKT 50T, B
DI LTI SRR ARELGREIBMHFTES. LT
kX5 X Bz, 0.18% o Nb Fhnic X -2 microdu-
plex flfio 2 SN BIREFHAS»> L VIEREINS.

2. R B A &

Wifsk, W= v & v JOHBEITE R TR L
To=F TRIGEFRER L U, TEEEgissg, ClREck
D4 Ty MCBER LA ZO451{#E% Table 1 o
4. 43y MI 1I0Ni &§4Cl3 7 kg, 10Ni-Nb 44
Tl 3kg ThHol #HBECCENEBETFE VA, SAHD
I8Ni v v — ekt s CELFARETHS. 4
=Ty MIEHEY DT CADL, 1200°C pikER T
THEL, #uE#Eic X9, 10Ni 54Tk 2mm, 10Ni-
Nb £4&7Tlk 4mm OEX L 7. Table 2 {37 1+ —
TAE L X BEEROHEMETHS. 0.18%0D Nb @
whmx, Ni 8icfil+5E As oL Tiz2.5% o
WA, o Ms HiCH LTE 3% OEmCIZIEEY
T 5 L.

BENIE 80% WHELADb, BADRETHELTL
T8O TOFEE—TBRECH O, UDEFLE
iz 109 H, + Ar DIREH 2 2L, RERFROG
H — o ohngh ) — BB S, REBRSLLTD

Table 2. Transformation temperatures.

Alloy | As | AT | Ms oM
10N 650°C| 700°C | 520°C | 430°C
IONi-Nb| 680°C| 710°C | 425°C | 395°C
i [ ]
EFTHEC L Df. COBAEEIIFNIEE L H 20°C

IBCET 501 I~2min THove. i3 Lzt
PAEHETRERC X > TRED 557 0.05mm X 2Bk
LicDb, BEOFEL X OTHR/IMNEERE, X055
WEF MBS R TR 2%k, SRNOXE XIERT
H ETSHT (linear analysis) #:iz X >Cskads-.
X717 b 2A—2—ick ) EHFSIB LT r &
BRXUCEGHBZ RO X 5 HETHE L. AERBO
E&TWThd 500°C £100°C e\ BRI R =
BE r MOTFERBROSAT, KESELO~LF V¥4
MR EAEEE LI X DR Ui r FESZSRE LA =
WTHA ME, HEVREFHERCIOTAERLET =
74 rHDOWTIhL BCC {iE DM MBEE LTw
7z RERRESEIC X 0 EAMENZRIET 5 Bmc, B4
BCLEENNPKE L, REKECEHIRL Mo % —4
MR Lic. EEREVD, EHfoiEEElET 5
DIGEE DOWMELF B CTRIEV TR &b, 2 CHEE
MBS TFET 5 DIEVW R HEE S 55 BCCo
(222) W X HEERARICTEE L, T O8Ey EiENET
HRb DI, Fig. (b)) "3 & 5ic MoK,, #
D 222 EAMOEE ¢ & Ko, MOTEASH Sl o7 K,
HEDHOBOES b #EL, ZhEHwTA=2-
(6/e) 785,95 % — # (line broadening parameter) %
EHTHIRE RTIEELE Lz, 2o A3EHBORCITIE
REIF 2% D25, AvaXBouELE L &
XOTEDL D, HEIEIFWRE DBV, LrLR—0
BT T 5R YD, HAEE LTI EREFASO
FkE b L, LrbEobTr AT btIESTliETE
BVWBIESfTE L EE LR WFIEAS 5. R FkiR
FTTIZABE DR TCW S,

B r HOERIX MILLER DEFEWHREIE L hk
ZXoTiTk ok ThbbLEAEEROKFIIEESHE
FE oM, BT UEE LI 2THOER LN
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L b, HERIBAVGETR, Tibb FCC (o 200,
220, 311; 400, 3 Xt BCC #Bo 200,211, 220, 310,
222 DOFREEDFAD LA & MILLER™ & [ LTHE
Lic. ZO%E, T r MR OEaE & LT Fe-
300Ni &% 80% BIEL, 500°C  10min fEd &
LicbDE M. %y BOREREIIEM[D 15
%R TH5.

3. R B & B

3.1  E, Line broadening parameter 3} t7¢
%Br &

Fig. 11X 80% #WiE U727 ¥4 b & &R CH
MELZEED(a)iEE Hv, (b) BCC o (222)[H
g 4, BXC(e)BZr& F@G), 257, 8k
F LOFEFEE e 560°C DI FCix 15h, 600°C ©1x 9
h, 650°C ¢ix 1h, 700°C ¢z 10min, 750°C ¢l
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. Changes in (a) Vickers hardness, Hv, (b)
X-ray line broadening parameter, 4, of 222
reflection of BCC structure, and (c) frac-
tion of retained austenite F(y), of cold
rolled alloys with annealing temperature.
The holding times are: 15h at each tem-

perature below 600°C, 9h at 600°C, 1h at
650°C, 10min at 700°C, and | min at
750°C.

Imin TdH5. 600°C b THERZZERERE Lco
i, ZOWRESCOBGRESABECKS X510t
SHEINL THY, FMLOES LT H T BRI
V. ZORE-FROM A S 81T Photo. 1 2 X, L
TTRORKIDEEIETE. TAEPORE LT
TIE T, FLFEME 109%Ni &4, VAL 109Ni-Nb
BEDThThEMSLERT 5.

FTEECER TS L, EEFMCRAMEELLE v B
— AR T 206 BEOHEE $ o2, 80% DBitic ko
T 260~285 i THE{bd 5. 300°C HE7e & LTS
LB LEELTVS. 10Ni 441 400°C {HifET
WEOBBARTARE 55, Zhilikio X > cEiEs
X O HEGOBIBIC T 5. I0NI-Nb 44Tk 400°
C g ©— 2 LcRphifi{bns Sh s,

—7, Fig. 1(b)D ADfA s 100°C Ll kA oik%
v, WEKTORMBEIIC T TITKIERADERTRELT
V5. IONi S CIIMERK S L BIRE L ABR/NE
HABREREZE-H LTS, 460°C DL LGl 3 X
CALS ERCET LA, TOHEMIE Fig. 1(c) o
BraoZblBEE L TROX > HBERTETH S
Tisbb, B & 410°C Ll e higd, 520
C fhEEREE LT, £hXDEETIEes7 0D
T5. ZOUREFEIEER (a+7) BNTHEH»D,
THADEKEREED ELIRECS VW TRIBESEWIZ Y
WY BT TH B, 520°C FHELLETART S 7 48
D NijREE 27% LIT L b, 0 Ms SHAHIRLL
L EB. WETHE, WOt AdE Ui r FBASHE: ¥
LIZDWHEIRIC 2 v T ¥4 MTEREL, A &R A
MULIDTRIZVW»HEEXDNS. ADOR/NEVIES 7
BEORKELFU», ThXViFAOL LIEWEETE
EHNTWABZELZNEERH LTV 3.

IONi-Nb &4 b SEWEIC R LTEilshk 5.
Lirl, TCTELSREFEHTNEZ &0, 370°C 5
410°CHz»13 T I0Ni-Nb 54D ADBHAOEET 5
EDBBLNDZ ET, T OIREBIIHERRS &t
DURECEE L. Reshil (Lo REA & 7 2728 i Ok
B3, T g4 MORHEIIRICEE A RIZE LTV
L%, COFERFITELTINVS. FEREEKE7 L3
F v FEEOBRIEFEROERC BT T AINGT o g5
METHLNTVWS. ARXUEER 610°C LI | As
ST TRIBEO ER & & Hic#mt 555, Zhid 10Ni
B LR ARTH r EMSEEE EbCEmL, Lt
DBOTEREIC L >TETBEILT 94 FESENT S
CLEPRAKOBHEEZELLNS. As Flx Ar S0 E
THARBRDT 5.
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3.2 HBERLLUERAR

Nl v r o sEBic LT 500kV
ERETFHESE T X BT eo/k. Fe-Ni 275854
DWW TCRIERIOIC R Lz X 5z, NijRE 109 (10Ni
&4 TIIERL T LIBES 500°C & 600°C offxis
ReL, TAUTTRET LT o494 bXFHERLT
MU BCC §E2d 27 =94 FEEMAEZAERTS.
TRREERKEIETGL TR Yy 2 ARRAERIETS
P, FOBITLEV. T LTEEL LTEBHEMBPIZETT
LT 6, FOFESHM RIS XCRRMVZERSh, #
KT =F4 MRERMR v B b I DIRFHER S
5. Zhoo rFIEREMRT = 74 MRICH T 5 RER
EEHERDE VBT CEARL, LB 2T7=74 ML
DOKXRESVIEMBOBEERI LFEER S ETHD. o
7294 FOEELIHEMEZEEL (FE&LH7 =71
B 20EL. rhickf LT 600°C BLE As SLUTFT
TSI T 7 AOEEMRETT 570D, BfEmT
ETDE7 =74 PRORESTECWFIEND. X0
7B, 2L LT lp Figo—fRiskExofnr b ikb
microduplex $EEPERIN5.

0.18% o Nb #4%s 10Ni-Nb 44 Td, FEMNC
BRI UCBSESHEIRE. LrL NbExEELW
I0Ni &€+ O AOHERE, BELBPF LI
5 LTHD. Fig 21IHEET 2T 400°C 5> 5600
°C DEERE LIBEICEWT, BEBTHECHIE LABE
G E*(a) &, FREG LTy BEROFHESRER(L)
BRT. BECOWTIE, 7 =4 FERESAEEL
TWHBEENE, TOMRCER LIME Wi (K&
lpy BE) BRIE» SR LADT, EB7 =54 bR
FBrEzzTxwv. Fig. 2 5B6akXdic, NbEhm
X oTHEEMBEY 0°C i lEmBEicBT L, £h
KIS LCEY (7 =54 b) BEB 4~5.5p OFH
07 =54 iR 5, 1.4~1.8 4 D microduplex $A%
~BTT HERIBE 580°C Hh 5 540°C~ & 40°C i3
EETFLTWS.

Photo. 1 33 X O Photo. 2 iZvv§ird, 10Ni-Nb &4
OREWIL SR = 74 MEEL 3 XU microduplex
HMEE Th TR T BRERTETCHS. Photo. 1 Tl
BEGTELCAT = 74 MRUOR R LT r BIAHTHL
Tv 5. Photo. 2 CHIHERT = 71 MRIEEELYEE
Fouds, FOIEHIT 600°C THR Uis r RIS HIRI
FETH L L X O>THAIN - GREED Ev: <
FrHA MRBBEELTVWS. 7254 MERIZIZAE

* BRI 7 2 74 VROKR, ¥ LTYEEr HOHERROLER
LT ARG EEHEAEL UL,

ystal-

o] Fe-Ni
o Fe-Ni-Nb

Fraction Recr
lized F(r),*
3

10r Recrystallized |
Ferrite

Microduplex

Mean GrainSize, p

Y700 500 600

Temperature, °C

Fig. 2. Variation in the fraction of mixed micro-
structure composed of recrystallized ferrite
and inversely transformed austenite, F(7),
and mean grain diameter, 4, with anneal-
ing temperature. Microduplex structures
are formed above critical temperaturds which
are shown by intersections between a dot
and dashed line and solid lines.

Photo. 1. Transmission electron micrograph showing
typical “recrystallized ferrite structure” in
Fe-10 Ni-0.2 Nb alloy, cold rolled 809,
and annealed at 500°C for 100h.  Small
austenite grains are seen within or among
large recrystallized ferrite grains.

X 200A BEORMLITHNRR LD ONhD. KERT
Bonso FEGO FAER Fhitr ok, BrbH<
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BESLA—ATFFH4 VEROESH
Smr . -
n Fe - Ni Fe-Ni-Nb
a) 7.7 d) 97

Photo. 2. Transmission electron micrograph showing
typical “microduplex structure” in Fe-10,
Ni-0.2 Nb alloy, cold rolled 809 and
annealed at 600°C for 9h. Austenite gra-
ins formed at 600°C are transformed into
dislocated martensite during cooling.
Dislocation free ferrite grains are also ob-
served.

Niy,Nb #7213 NbC Tlilk vt E 2z bh 5.

Fig. 3 \IARME MRS WO RS R CR Lciike E L
mEC X% BCC MHOESHBOZ (LT » 5.
370°C CHEZC E LA O TIETHRE SR r oL RIT £ 7
FIALTWis v T, TOEEME (a) & (d) i as
rolled @30 *HfiECX 5. 600°C -CHE/ ¥+ L, micro-
duplex ik & 2724 @ Cix, (¢) & (IHKRERT XS
i 370°C LB L 7Ry b oA L o T 5.
U LEEC 25 & (1) fRfhEosaE s 0 LIERT T 2
z &k, (100) MihHEDBESEMLTWS. Thics
LT 510°C Tl ¥ L7z b Tlt, BfEas R0y
10Ni-Nb 54 (e) TitkEFELHD (d) L3EF—T
BB, BEEGET7 = 74 MEOE ST 5 1ONI &
&(b)Tix, (1) BAEORENMETL, oMol
FLIXERFENTBESEIM L TW5. $ThabbERAa &
DTHEUL7 =54 bR, BHEOLVT 34 LR
MELPCER LAy e LT o34 b E
i, LRSI ESHBETL D oz L3 FMEE
BREDF LW RROERT 2GR L, FHEEAR
LIER b OMOAR T HWER L T, TofHARE

Fig. 3. Inverse pole figures showing sheet plane
normals for BCC phase. (a) and (d) :
unrecrystallized textures; (b) and (e) :
partially recrystallized textures; ferrite
grains due to recrystallization cover 669
of the specimen of (b); (c) and (f) :
microduplex textures.

Bl &, TOEBMOHEEXE T LEEFIRLD &%
ZONE TP LMHFEINLERTHY, RO
ThdHERL rHOERE VS oD/ THHE %
XEIT 5B NEECK S EBbhs. LT, BES
WWE D4R L7 = 54 MBI, microduplex #H#(c)
BIO()ickwTd, (111) HWOFEEET & (100) #H
DEE LAWCFESETDLEZBN, —HD r HDLER &
WEFPOEREIIR T 5 < K-S BI{RE L 72 &5 72
B, B FESHEGCHE V(L2 E XK VWO TR
Mo tHEESIN S,

4. E =

10Ni 4403 80% ¥%iE#s, 580°C L) b ChEle F 408
Fig. 2 (b) /R L7z & Hic microduplex ##»E Hh
50, THRUTORETCEHEERT = 7 41 MER L
5. BOCHIIAILEITE7 =54 PO Ni 0 e
B 4% 5 6 L vbiTw5h, (a+7) K
Dala+y BRIGEVWEZACEWTHEER 7 =54
MEEESERR XN B T VX, 7 HRO4RIC T B E
HUERBN 1S KW Z &t X B Exbhs. Nb %
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0.18% iFm¥ 5 &, TOEROBERL 40°CHETL,
As B5@ 30°C o L& & & $Hiz microduplex HFEDE S

h 3B, 380°C ~650°C # & 540°C, 680°C
TiikEhsd. Zo&ERT, BRIRED NbIZ X 5KT

iE@li"ﬁ%éhéfaé5m.

BT EZ T o34 bE, 1200°CH 50
@FHEL{‘&’:@“%%:{WP"’J“ﬁc%a..l:of%lénf"ﬂ%ﬁ*?fé
&, LB TZ X 5NBRGESATYS. 5
W& R TR FAEIER Dl oTwD. 20X 5
MTEF T vF o344 b% (a+ 1) 2HBITE
mETE, (1) rHAOER, BXG(2)wvF 44 b
fmXYFEUC BCC fhstd oBHEAROLER, 0>
DOBREVBETS. BEONRBREZIZLALESET,
NE AR TIHEEE Y =54 MELEXATVS. LH»

L Zhi3 DiRE COBEMO Ni jRE% b 2bi) T
v, TOHATXBITEEARE LEED S & r HARE
PRNETUTELLTHD.

Fig. 4 BafHiCIE L7-BB r= F(r) LBEEHRS
R F(r) OFFREARILSIEOVIRLAEMTHS. &
O EDOER SN Fig. 1 %X Fig. 2 #5705 b

LEbDT, TRLEDRWIEERIIEED & LEFEOLE
AL LBENLTHS. 4, BHAESIROEVESICIER

T5&, BErEimELsFRcmLteys. L
2 UEHR» BV OTAERK Lz 7 8D Ms g h35E70 %
LIBEE LD ER LHEIRD EE D0, WY v
BRRSTH. £ThHL, B ELRECRTL r &
DERYE L7z EEETHE, WO X S CEFHCR
ELLb¥MmlLTwaThsd. TihbbilisER
LD XX ENIEHS 0RO ¥ FH23, HIRZE CTHAH

KERE LI ALY 5.

Wi rig F(r) PEKGET UMD, Mo
BRI DOWTELRHEEZEDD. Fko X S, B
mnE F(r) OBECE r Bz s453b8FEhTwa
DT, BEMIIVER L7 =54 bxx F(Sf) &
ThiE,

F(f)=F(r)—F(y)
L7es. Fig. 513 F(r) LT F(S) oZEkr 7
vy bLZMTHS. ZoE»S, 10N & TlErid
2% T Hllic 7 = 54 M 12.5% EREN D
7%, 0.18% Nb % &% I0Ni-Nb £& CIIEHERKIC X S
7 =54 FAEOERIELT™ 2.69% %, B9 1/5
KT 3 5. Fig. 156 10Ni 5&0 r #HOLERKZ Nb i
I IO TREEAEEDL L VDY, ETFREENSDT
Fig. 5itREN/-7 = 54 rMRAOALR NEE! OKTIX
Nbiz X 2BE&&NFRCI LI boLEmshd.

1Cq —O
m.
O Fe-Ni
6G 0O Fe- Ni-Nb,

40

20t

Fraction Recrystallized F(r), %

5 10
Retained Austenite F(¥), °h

Fig. 4. Relation between the fraction of retained
austenite, F (y), and the fraction recry-
stallized, F (r), as replotted from Fig.
I(c) and Fig. 2. Solid lines show the
relations observed at room temperature.
Dashed lines indicate presumed values at

annealing temperatures (Ta).

70

60 O Fe-Ni

s O Fe-Ni-Nb
40 125

30
20 -

10 26

Recrystallized Ferrite F(f), %

0 5 10
Retained Austienite F(¥), %

Fig. 5. Relation between the amount of retained

austenite, F (7), and the amount of re-
crystallized ferrite, F (f), in the low
annealing temperature range.

Nb REBEHXAFET @B LT HEERE <
Y vy ADOEEOEESRA—DIREH CHExhB L L
E»L, BB NbRF XD D, Nba2&EULILEWMOW
HBERHEZ L5352, FMIZ TRV, |
#29¢ Fe-16Ni [z DWW T P4 L, microduplex D5
HofMtic Nb (k&) PEHTHH T Lrilsk
L7eH, 4Eo 10Ni-Nb £4Tlid £ 0 JAFRHRIT
RN Y% (%1 oy el

— 82 —



-

°f

WIEL o
B LA —ATFFA FEROEE

7= Fe-1ONi =L F v 44 + 540 (a+ 7)BE2EEZEOBRICEET

1311

5. &

Fe-10Ni &40 w57 ¥4 bEFRRCHMMIL,
(a+ 7) 2FIRCHEAS E Lofligg, ()RR 1pEE
Db % [microduplex FHEL] 7>, 722 (2) 5~10
pOFFRE LD THER7 =74 Ml TH5%. O
WSO XS LRERINE T, Iz s
Y4 FOFREREA AT FA POERD 2 DD@EBED
WENBETT 5501 Lo TEE %, microduplex $H &
B XD RWES-BETESICES iy, Nb o
X 5w HBARINC X o TR & ERRENCHEI L S 5T
RoFRAPELTHS.

KR LBTTHdich, RXTHERLBEZ W
EnWic& B RERIRAT eI EeME
WELZI LD, RPEIO S FWRHO BERT
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