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Grain Refinement of Austenite through Reverse Transformation from
Martensite in Fe-15Ni-Co-Mo-Ti Alloys

Kozo NAKAZAWA, Yoshikuni KAWABE, and Seiichi MUNEKI

Synopsis :

The effects of 5Mo, 15Co or 2Ti addition to Fe-15Ni-10Co-5Mo base alloy on grain refinement of re—
versed austenite subjected to single austenitizing were studied at heating rates between 0.083 and 100 °Cls.
Grain refinement was promoted by Co or Ti addition and was suppressed by Mo addition. Grain refine—
ment was promoted in the base, (base+15Co) and (base+2Ti) alloys at the lower heating rates, whereas
it was suppressed in the (base+5Mo) alloy. Refining processes depended on chemical composition and
heating rate, and were classified into the following two groups in terms of the differences in the initial stage
of formation of y grains : (1) after completion of reverse transformation, y grains were formed due to re—
crystallization of y ; and (2) during reverse transformation, y grains were formed probably by nucleation
and growth of diffusionally transformed y. It was shown that the mechanisms of reverse transformation
associated with chemical composition and heating rate played an important role in these refining pro-

CEesses.
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Table 1. Chemical composition of alloys used

(Wt%)

Alloy Ni Co [ Mo | Ti Fe
A |Base|14.85| 962| 5.01 | 0.02 | Bal.
B [+5M0|14.58| 9.85| 9.94( 0.02 | Bal.
C [+15C0 |14.94|23.05] 4.90] 002 | Bal.
D |+2Ti [14.92| 9.94{ 5.02| 1.96 | Bai.
Al 0.053~0.078, Mn,C, P, S, Si<0.005
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CHERE NS EBSREETE Y AV CE#AEY 5
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REhALE X L, BHEER 102 7 » ABKEBIK THEBRE
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Fig. 1. Austenitic grain size of the alloys subjected
to single austenitizing (900°C x lh for the alloys A,
C and D or 1100°Cx 10 min for the alloy B) as a
function of heating rate. Initial grain size was ab-
out 500 gm.
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3.2.2 Fe-15Ni-10Co-5Mo &4
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LT, 0.69°C/s % X O° 20°C/s ThnE L7-Fr D HRE
{t% Photo. 1 =Rz,
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Fig. 2. Schematic illustration of two refining processes, showing difference in the initial

stage of new grain formation.
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l change in;h; alloy B with heating temperature at 20°C/s (a,
100°C/s (d, €, and f). (a) 900°C; (b) 1075°C; (c) 1100°Cx10s; (d) 900°C; (e) 1050°G; (f) 1100
°C

b, and ¢) and
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3.2.3 Fe-15Ni-10Co-10Mo &4
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LBRbND b OMERTCFET S, —7F, 100°C/s(Pho-
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L. B b AERTHEINEEMBC KT 5B
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BcXrdboThsrs, —F 1000C/s TR, A+ 7 — F
=R X E AR OBERS R IOk b 0
EEZ bR,

3.2-4 Fe-15Ni-25Co-5Mo &4

B ClXIMBEEMEE TH 513 MBI BIE S h
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bh, FoRWEh PREOWM rRIR BRI T3
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100°C/s @ oWTiE, As 4 (740°C) 2 Af (800
°C) ofslo 775°C(30% %EfE) T, 0.69°C/s & &
Rkgre Af SLITOERED SIB R Rem> T v kB
NE»H BB (Photo. 3(d)). Af & X p 100°C Zu»
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44Dz, 0.69~4°C/s THR{EAFEL L, 0.083°C/
s BBV 20~100°C/s TR ¥ BB K Z .
hie—# s LT, 0.083°C/s oFEI1382(1),
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7.
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¥
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0.69°C/s (d, e, and ) and 100°C/s (g, h, and i).
(e) 825°C; (f) 900°C; (g) 775°C; (h) 800°C; (i) 900°C x 2 min.

at 0.083°C/s (a, b, and c)
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780°C) T 775°C win#h LT 50% 7 1t LR DMfk%
ITRENARLT S, MBEENMEECTH B ERAD
SR> TW%. By RACEET5 &, 0.69
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TR STV %Ay, 0.083°C/s TR D X 5 7 7 %
ERD b,

100%r fL LT oMLY 2% &, 0.083°C/s ou»
Tix, 850°C(Photo. 4(b)) T1XIH r R AZMEL Tk
D, X ORFE>CTHM r Biiedd b . 900°C
wit® & (Photo. 4(c¢c)) TP IR ET 0, BriAr
WO T r R I 5. 0.69°C/s 35 L U8 100°C/
ST, rEETEEOBRERR T, HrRcr-o
T As J & Al JOBITIEE S MBI r RI35 | S5
FDbHin (Photo. 4(e)(h))). EnHiz 900°C iy
& (Photo. 4(f) (1)), BREAIVKES.
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AL r AR BEME X o THIRE Lz, nEdso
a'>y PEREX, MRNILBBCARIRTSH S LR A
ERFELBIELTWBEELDLRS. T TCHER

— 144 —



Fe-15Ni-Co-Mo-Ti £&D <7 V¥ 4 F HEOELEEBA — 2 F F 4  DHKAL 1801

Alloy A Alloy B
400 ' Ms  20°CISL a5 ¢ 100°C/S
0o—0~0—0—0—0—0 Lo
- r Dy 2
saof  Propoooo [ loloMa o
~ I 1 r et ML . o
g O sl in F $Ee-e-8
3 T
© 400} | (Ms 069°C/IS| As, iy 20°C/S
E- [ :f’o\:o\cv_,_o i : ! MS
L L e
r f - o f
- 'S ! "‘_A’\F\’\F\Aﬂ
s [pT 3 seeeet
D400 s M Mg QOBICISL sy M 069°C/S
] & b - "
w200F | o :P/o_,,_o L !
= P o M o o A ME
o ®es, ., [, | IFFF IS,
600 00-- 1000 600 800 1000
Heating Temperature (°C)

Iig. 3. Ms and Mf temperature as a function of
heating temperature at various heating rates in
the alloys A and B.
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Fig. 4. Ms and Mf temperature as a function of
heating temperature at various heating rates in the
alloys C and D.
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Fig. 3 520418, ZhZhéf A, B $10C,
Drowt, —EMEGEE CiEkL, PrEiEcs gk
BEHICE® Licho Ms 3 X080 ME S o2 ki nsvs
B L TRLEIDTHS. b, As 510 Al 5
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BOBOREDS 45T, MBEEC LS Ms Sk X0
Mf EoZ itz L A L. A4 B @ 100°C/s
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Ms SmBdEEC XI2THE h Bkl 20 X5
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M0, BERFOBELLELH I BERBIIFZ S
T, AN OYMIRBD LA ks = D110 = L AR L
TwWhEFELBRS.

—7, B4 AD 0.69°C/s 5 X 0° 0.083°C/s, 44 B
D 0.69°C/s, LI AEELC BLV E5L£DOFTXTD
MMBGEEE T, As J& Af SoOMOBEET Ms S8
B EThH ik ERT 5. = 0EaZ it EE
#HoOMC RO B, 2F RN X5, BHE
Fo BETLEHES MEREY B Licicd s 2 bh
5.

Fe-Ni %A4&% L0 18Ni = b= — 40 O {EE ik
st BUMAERBI DT, W oD ENRE 2 bR
TWB, @' >rrient @poor DEGE X2 THEEET (
E LT Ni) 2B —EEEOEEEE L 0 & 7 (7 rien)
BLOEY alapoor) HMIAEIC XD THERT 510716018
19, T EREITLT—HMRER LY R T AT
DYHEBRR DTV BEB L5255, HBEWLIT
Apéor DAL & FARDRUILRICHEDTELR 17 & al
SRUT T DT T 29D W 5E 2 2B, Zhb
DIE T r (LD apoor 23ED X 5 i< r b3
DI DWTARBED E2 %\, OO E LT,
a FTIBIC IO THRBERTFOBREE SV, BH]
FRFRED @b O b IRREERE » #1735 EF%
B G OT, UAEEEEE LTeA Ko HZEEEH B
ELTnBEELTVWE. 20X 5 I T4 1cB 5
T & B{EEMBRDOFE OMEBEIIC OV TCUEIM—3h
BRI H, WThoBE THIkBC Lo THRER
FOREBELTNDBIEEZELZ TS, ZOX 5 REBEE
F o PR HE > WEREY, CAMEO HIEEL KAIL
T, LF, BB OHBLEREEFLEZ LT 5.

7y O Ms g3, BFREEOEENRE L, HBH0
Ry OKEINPNCILD L2072, —JBITK T T 5.
R AMEIOYEROLNEKE D, TR IDOTEAZIR
1B FRBREE OB E - EE L2 bh’ Fig. 3 §4
AD 20°C/s > AfE ETo Ms, Mf 523, @R X
HREALTRBBEIMELS b EEL R D Af AL E
OEWIRETO Ms, Mf HL bbbt &b, K1
KEGOFEEEAFBRDO Ms, Mf SR E LTHE
ZEE, FRARBEOXS K Ms SN RER EHT3
Hg (bx X Fig. 3 4B o 0.69°C/s oG4
&) OERE LTy OKRE JFEL B

Ms 6 L O° Mf SRR e E /R L EE NS08
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Rame, M fifrac BER L, Ms & Mf SOl
EELHAT S, Al SHECIWT, Ms BIREA R
L, Ms && Mf SOBEZIEKRE 5. HERRERY
ik, BEETEEDOELY 7 (Fpeor) PERL, HEHE
AR LT Trieh EFHFTH. ZTHD Ypoor DEIV
Ms X MI B & 7rien DfEV Ms 35 T8 MfF H238
FE Lioiodic, &L LTEV Ms &3 JUYEL Mf
BERLicbnEEzbhS Al SXVEVWERET
13, 7 HOBEIHELT-DIT, Ms ks IO M gizty
—EBEEROFHEEY b O 7 DERESL DD EELD
ha.

&4 Do 100°C/s 3 X8 20°C/s Ti3, As g & Af
HEORORET Ms XU Mf E2MEVZ &b, L
B OWEREAEE LT tEL bh5.

£E4Bo 20°C/s Tix, Af S0 800°C ¢, Ms
BB AERL, Mf d3ZFRI0AEIBAKERLTY
B, TOEELIT Mo 2%\ i, EEMEE B E,
BOCE L Mo & Ur&EEMLEHIE LTV . 5
BFEME & 582 C, 800~900°C 13\ TEHIED
B = b 79, 800°C st B Ms ¥ X Of Mf
B LRI, Mo {LAHOFTHII X % iho Mo JBEE 2 K
D LIctedTHY, MEES Ms EE UL EF LT
B EMD, WEBIIRLT B AMBOR T Z 27
LEX RS, A4BoD 0.69°C/s T, Af EEED
850°C T Ms fint 350°C L ZE L LA Lizcd b
53, 20°0C/s OB E LR ME SRREBRET LD
Twb, ¥l Ms Juii—EEEOr D Ms X by
180°C &<, ZFODERMOELELELLRTELL K&
V., ZOBEAE, WHS X B Ho Mo EEE oA i in
2T, B OMERBIEE LicicdiExbhb.

PEoXsie, EEn#oEE, RERETRECE
{bxtl S B oS TEIEETHLEEL 5 2 & 11,
Fig. 3 5 XU 4 DR FELSHBTHZ LN TE,
FUTHBEBbNRS. FOYUTROBHELZDOL DI
VT, AR bTARERTH I LR TER. L
ML, 3-2 Wl X 5K, EEMEBDOSE T HUARE
ETHDO T IEFEEYRCLE. BELOEEINE LT
BL = A AFHQRBETHSDOT, EEMETHeAAME
DY EEN PR Z2TWB EELbIhD, Tk, FA—
INBHEE T HILF R VT % LW ERBEEILILT S
S EEoWTE, BEBRET LIRS 54 BRItEY
DOWHBRSEEBEABELTWBPZ LbEL B3, Bl
BTRAWHT, SEOPRCFIRTIL LI,

4.2 FTEFBHIBEELAR
R 7 D b oML ARI, KFILT Fig. 2 &

RLTcfoBBRIHI LI, BAR(1)Ti, o'—
T WARBETERD r RKFRERHTHY, ThIo@mn
BET r 3E/DLEAL, M8 r 2R shs.
Z OFEEROBB NI AMBEEREN RS Dl LI
EOTHAINILBR=RAFTHA 592 LBbh
5. RAMBOYEROLINREZ Dt ELLRLEE
A3 LUEEB D 20°C/s Ll EonBGEEDBEIE T
T o OEBICHET B ML E IR Le.

BE(2)TIE, As f& Al JoRORE<T, M7
RIANE 7 R 2 CTEBIBE EN T 5 DOEHTH
. TEETHEGThS r s EE MM r e LT
BEEL, Tho¥BROWIHMIRBEGRETHS. i
it loBRZBALTASE, BE(2)DEKEELT
¥]TD 0T NTHHER OMEREVLESE LTV, &
DA, REGHRSIFH/ANRES I OTHMLET 5D
T, FORBHELTCDBA=AALFRINETHY, &
L= R AFEERET A BOR A MBS —Hs o2
Tk ekELbh3.

BB DMLy OFF 4 & LT, B 7 BA,
Aoy PEIR, FABREENDD, MKFARTY 4
y F= VAT » 7 VIR T 22 L 3550220, |
rRIRRR Ry, PERCHE LI 0k, By BEBED
FirBAR%E b1 F, v LR EY b, MMy
WOz h e, As |k Af HoMoBRETHYy
BRI S 7ol r B, A OMAERBIC X 2T
MAERLEbDEELDLRS, SABRCHAH LY 4
y F=vas 7 VIREPFH LI riX, SALBEDS
(BT b b, IHr RAHD Ly v PRRTEWT
BEoRERFHLE S DOTWS. 7B ETTHE, Th
SrixfAHLThinr MBEMLOKRE L r 2BR LT
WD Z DB r WRTIRIE r BRE K BT r
WOMBHEIMECEEL bR B,

FRAOWESE» D, BBEOHLEELEEL Lics
2 bh5 A&Bo EEMBOBE, KBIVO”AHDOD
0.083°C/s DFAII\T, FIAHIIHEE (1)l %
MEEER L. COoHE, RBBEOSER r R
BN L ore, BBV LTS Af SE
OEEF CEXFEHBETHRETELRERE{HARL
fehotcbnEELr b,

UEDX s, AR(L)IBANBOYUTEROLL S
TOTWBBARHIGT 5, —FEAst & LT, dhEE
OHEREHNBIST A HATHHE (1) oAREL LR T
bONHot. BR(2) DTN TURKHRE OMEREAL B
L+ aBEtT 5. AR S IV(2) ek
T, LEBOBTE,IESTHHEATS, BEEBCL
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Table 2. Effect of special austenitizing treatment
on grain size of each alloy. A heating rate was
changed to another heating rate at Tf during he-
ating from room temperature to Ta. Ta: austeni-
tizing temperature (900°Cx 1h for alloys A, G,
and D or 1100°Cx 10min for alloy B). Tf: tem-
perature just above Af point. 1*: grain size ob-
tained at a constant heating rate from room tem-
perature to Ta (the rate is shown in parentheses).

Alloy T¢ |RT>T§{Ti2Ta| 1 ™, (RT>Ta)
(°C) [(°C/s)|(°Cis) [(pum) [(um), (°C/s)
A 800 | 100 {0,083 85 | 90 (100)
800 [0.083| 100 52 | 51 (0.083)
B 850 | 100 |0.083{.109 | 83 (100)
850 (0.083 100 | 108 | 150 (0.083)
c 820 | 100 [0.083| 51 45 (100)
820 [0.083| 100 21 20 (0.083)
800 |1 100 069 | 87 | 70 (100)
D 800 | 0.69 | 100 38 | 39 (0.69)
800 |0.083|0.69 67 | 61 (0.083)
800 § 0.69 |0.083| 46 | 39 (0.69)

TR AMBOYIEREN S Z DO TWB EEL bus,
43 MELCHEXIIFTMREEORE

Fig. 1 WRL X 5, WERBROTL R r © r MR
ELSMBEE OB R 2T 5. IEGEE 0Lk
5 WA RHE B OB LT AR LI K & e fE8h ks XT3,
Af HEBRHRREELORCREXZ DS L, BREGE
By b MBEE O E YT, v RO MBGEE RN D
—MERMEIN TN EdFEL DD, T2 Tr g
DINBGE EEARFFE D Te 2R HEZE T 5 7o D, In#ugk b
TMEEE L2 TH LIRS ¥ NRE A, Table 2
WX OHEREYRT. ETERIY AfSELORE Tf
¥FC—EOHETHETE, o3WT TIXht—2F
74 MURE Ta $CTHOERECNEL, Ta CTHIER
FiEHE (584 A, C XDy 900°C t 1 h, 54B
(X 1100°C ¢ 10min) 2B L, rRREWPE LK.
Table 2 iz RBiE XY Ta FCT—EHEE TN L 7K
DR (1% dHbe TRt

B&A, CRIVUDTRE, rlEOXE ITUERES
TETOMBEE XIo>TRD LR, Tf #ELLTE
DEROMBEEYEL THIFEALER L, Zhb
DED r MEOMBGEEERFMER, K CUERBED
DINEEE KDL IR D TH B,

—F, A&BrrvTit, Tf *iEr L CUmBvkEEY
ExbErNRCEMLBD NS, FORBEXEED
&, ()WEREETHIE Ta TTOMBDMEETH D

BETRBERIREVWZ L, (2)WEREETHED Ta 2T
DOIBERE R R —T 5 &, BEBET ¥ TOMEHE
HThHrE rlREIERKENZ L, RLTWE. &8
BTk, 3-2.3 TN X o, BRGEENEL AL
REA—AT A P LEE LD ENXBHT KTHS.
() oWTiE, MEBICIDOTEAIRLELS S
Fh, LTOHEF - A7+ 4 HMLEE X THREIN D L0
ERR DD BEITLEELbRD. F72(2)1LD
Wi, EENESTREANBOMETEN S SITREZ S
DR L, EEMBTIEHEBOSEELEST5 X5
ish, BHEBCIDEL=2LFRBITEEEZD
ND., ZDIHCAMT = F=2AFRRP T 5 L,
3:2-3 THRAFo X 5 I R BURRE OISV TEES Rt
BIh, rHNREAEBHOREVEELZLRS. BRI
d— AT F A MURE £ CEREMB I b DI, HE
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DLOLE S L, BECES=2LFORL A7
, BEOHBHNBZ Y v NBERX NI EFEZDHh
5. DE0X3wE, &4 B 0 r MEDMBGEEKTN
VX, MZEREER)R OB AE B ONBGEEKRFESE
HLicbDEELbRB.

5. &

Fe-15Ni-10Co-5Mo & &3 XUV Fh Hic 5Mo, 15Co
F IO 2Ti e hh BEEIN L A8 B\T,
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BT 5. By BRERERC L O TR RS, (2)
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T, My R £ S < SR o B RRIC X B AR B
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REFELTO I BERBREOTESRY TS, (1)&(2)
TR & S HIAC TR & 5 B v RO EERICIH v ¥
Fem>THEShs., BE(L) X0 ER(2)0FHh
BB E 2 h B EE YR T ”
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TELWEEY X, Tofhas s &EcBEy b
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(3) MRLABRIYERED L EELBGRE S 2.
BRI AMBOBBEEOLNEZ DTV BHET
RIET 5. B8 (2)XEEMoNEE BT HHA
T 5. P, IRBEOBERLES T HEET
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AL FRT T BRI, HIFEGCIE W B
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