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Kinetic Study of the Interrelation among Three Types of
Y—a' Martensite Transformation in Iron Alloys

Toru ARAXI, Kohji SHIBATA, and Hitoshi WADA

Synopsis:

The y-ee martensitic transformation in iron alloys can be classified into three types: type IA (packet),
type IB (lenticular), and type I (isothermal)transformations.

The interrelation among these three-types of transformation were investigated using the equation of
thermal nucleation rate, and the following conclusions were drawn from the obtained results.
(1) Using the idea of temperature dependence of the activation energy AW, it could be shown that the
athermal transformation is an extreme case of isothermal transformation.
(2) Assuming the temperature dependence of AW is high enough in the calculation, the type [ trans—
formation can be obtained, whereas type I appears when the temperature dependence of AW becomes
progressively smaller in the lower temperature range. The larger the value of autocatalytic factor ¢, the

more burst-like transformation occurs.

Physical metallurgical meaning of ¢ can be discussed from the

rcsults of this study and also previous works by other researchers.
(3) Itis also shown that the magnitudes of AW and 7(mean size of martensite lath) markcdly shift the trans—
formation temperature range, while they do not appreciably influence the transformation rate.
(4) Taking into account the temperature dependence of the critical resolved shear stress and that of the
shear modulus of alloys, behaviours of those three types of transformation can be explained qualitatively
in terms of the temperature dependence of the activation energy.

(Received May 31, 1973)
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Fig. 1. Three types of y—a' martensitic transformation of iron alloys.
type I A : so called packet, massive or dislocation type martensitic transformation
type I B : so called lenticular, acicular or twin type martensitic transformation
type I : isothermal martensitic transformation
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Table 1.

Classification of iron alloys which are possible to exhibit isothermal transformation.

A group : Type I martensitic transformation occurs before isothermal transformation during continuous

cooling.

B group : Martensitic transformation occurs “‘isothermally” before type I martensitic transformation
during continuous cooling. (Sometimes surface martensite is mistaken for isothermal martensite.)
C group : Martensitic transformation occurs only isothermally during continuous cooling down to —196°C.

No Composition (w/o0) M (Eecm)p. Nosgoéer)np. Morphology References
Al 14-84Cr-0-73C —65+5 —110 Acicular® 5)
A2 30Ni —143 b) 6)
A3 1-43C-2-55Cr 25 b) b) 7)
A4 4-00Ni~-17-0Cr-0-10C-0'005N b) —80 b) 8)
A5-1 2-23Mn-23-47Ni-0-016C-0-003N b) -10 b) 8)
A5-2 2-40Mn-23-04Ni-0'008C-0-003N b) -25 b) 8)
A5-3 2-71Mn-22-94Ni-0-010CG-0-001N b) —50 b) 8)
A5-4 2-85Mn-23-34Ni-0-005C-0-002N b) —35 b) 8)
A6-1 29-3Ni-0-015C 0 b) {111} ; habit® 9)
Ab6-2 30 4Ni-0-02C —20 b) lenticular 9)
A6-3 31'6Ni-0-02C —40 b) or lamella 9)
A7 27Ni-0-27C —25 b) 9)
Bl 14Cr-9Ni-0-08C-0"034N b) —35 Lath® 10)
B2 30-8Ni-0-007C —30 b) b) 12)
B3-1 24-9Ni-0-01C-0-26Al1-1-58Ti-0-15Cb 57 b) b) 13)
B3-2 28-8Ni (decarburized) 13 b) b) 13)
B3-3 22-7Ni ( v ) 165 b) b) 13)
B4-1 7-25Ni-15"6Cr-0'11C-0-005N b) ~—50 Lath® 8)
B4-2 8- 18Ni-16-93Cr-0-11C-0-005N b) ~—110 Lathe 8
B5 25-7Ni-2-95Cr —150 —130 b) 14) 15)
B6 28-8Ni ~0 b) Not acicular 16)
B7 29-2Ni-0°2Mn-0-006C ~—20 b) Midrib is not 16)
observed
B8 21-3Ni-5"2Mo —185 b) Midrib is 17)
observed®
Cl 23Ni-3-4Mn —_— b) b) 18)
C2 6Mn-0-6C —_— b) b) 19)
C3 22-9Ni-3-7Mn-0"05C-0'015N _ -~ 130 b) 20)
c4 22-4Ni-3-48Mn -_— b) b) 21)
CS 23~25Ni-2~3Mn —_ ~—100 b) 22)
(o) 25Ni-3Cr —_— b) b) 11)
C7 23 2Ni-3-6Mn —_ —140 b) 23)
Cc8 5-24Mn-1-1C b) b) 23)

a) Observed by optical microscopy. b) Not observed.

d) Observed by electron microscopy.
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Fig. 2. Temperature dependence curves of activation
energy which are used in calculation. A
plotting curve is a result by Part and Con-
EN2?) in the case of isotkermal transformation
of Fe-24Ni-3Mn alloy.
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Fig. 4. Effect of the temperature dependence of the
activation energy on temgerature vs. logolg 2
curves in the case of a low value of c. A
plotting curve is a calculation curve using a
result by PaTt and Counen (Fig. 2).
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Fig. 9. Effect of the value of ¥ on temperature vs.
log ¢t curves.
The larger the mean size of martensite lath,
the upper the curves.
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KHFET SihL (FRANKD O £ F VD X 5 g Bl S8
ABERLTH B DH, BiLy and CHRISTIANS 5D L
57\ VbW SRR THI2O»F LV Z EIXTHETH
%) OEBEODDLF VK —, FiiZL > Liclsh
FRET 1 DD OBETEDDOFVE—, bbb
THEDEBVINE R ET v v VO R BER X b i
AT RERBRTHD E VI FE 2D H B8, 4
DESTHXIEHEE, (DREKIRRLES. L
L, bhvbh 3R~ F o34 bS5 ADFEER
PREFOZBITH LTS LT EmTs s Lidxitvd
V5 RacHAvAN and COHENYWODEERER D ZOED
2T YA MEEOREERESITHBRLE &L B
RETOEFENEWS T b, TRz R 4~
KB DBEN H 5 VIR Tibh T vy o 94
FAERET DX 575, EEROKET BT 5iE LG
BERETHED LI T &, Tihabb (1), FLW
WIRDMDEEXTERZTTDS. '

YNT YA PEREOEEET v — 11

AW = 4G (chemical) + 4G (elastic) 4+ 4G (surface)
+G (plastic) + 4G (hetero) & % 254> X 1, % 39035,
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Z = ¢, 4G(chemical) W F*—~R5F+4 b>T7 =54 b
o){t%maml;{g}p%\:—m‘%‘{b, 4G (elastic) b‘iﬁ:ﬁ(’:k

Bz ST AV F ~ CTHRFEWBCHETSH. 4G (sur-
face) VXFRE = A V¥ —, 4G(plastic) IHBTFARELR

CQER LA NVNFE—THS. 4G (hetero) X, X b LA
YTV FHBHWIIETRE L TORBLEDEED T
FUF—ETTHB. Thrthlizvrvro 414 b 35
Z (BBWETV— ) ORBOBERTHS & EDHIT,
RECH#HTLHS.

BT BT DT NT A FERBRARE LK EL
AW OIE{bF¥FEBHB R T VX —HORT 4G (plastic) D
Bi-FTREBRAREVE—R/IEEDLRTWEW. Z0EX
Vi7- & xiE, 4G(plastic) WHYTLLOBITEAE L
i Co-Ni &t kiT 5 fiec—hep w79 A
FEERBIZ B W TIE, As— Ms=20°C L@ EIHSIER T/
Iz L R, typel KBIFDH My AN —RFT FA
FOEREEE KRG L TELT 5300 E w5 2 &d
5 3 B A5, fec—hep ThH Fe-Mn, Co-
Fe ‘Tl As— M DY RE VT L3N, Fe-Mn-C
§H, Fe-Ni gfld 50~1000A Eo@ECRT5 My &
7%, bulk #fic { HYY 40~90°C L LR LAEWEW
5 WARLIMONT®) DEEER X 5z, fe.c.—b.c.c. D
FERH fec—hop ORTERO X SICTBERM TR

Jiig I I
\ | {
Twin I l
(o) 3 k b |
ol a _ N ! Wn ! ‘ .
“1- Dislocation 1 i Dislocation
| e —
|
1 i
w | }
2 ol e | .
g | |
{(b) € . :
g I
2 | |
w) | |
| |
Y |
0 ! i
| ]
I
(c)o _ 1 |
N 1 |
| |
! 1
! i
| I
1 1
1 i
! 1
! |
2 | |
(d) z ! !
i i
| |
[ 1

—> Temperature

Fig. 10. Schematic curves showing temperature de-
pendence of (a) critical resolved shear stress,
(b) shear modulus, (c) chemical free energy
change and (d) activation energy.

WZ LT 2D L, BEHREMETSIEIRTE
mV. LidsoT, AR TIE, 4G (elastic), 4G (pla-
stic) MEHEEZEZITANTERT 5.

DEBRTELZLER2SEXOXT, BIRTHEDS
hifEmoORYEEZRFTT >z LT 5.

%¥, 4G(plastic) DIREERFMHITD WTTHSBH:,
Fig. 10 @ (a)tk, E=AL & WFOEER SR AN T (BL
T oerss. LT OEREREEZERMICHEV 2L O
ThHbH. ZDHET, rangel, rangell |TIEEID c7.5.5.
DMED erss. L VEWERTHDH, rangel Tt
BEOET L EHic thermal ROMNKEL HoOTHES.
rangell XIBE DT LB WERRID cr.s.s. 23EIK
ZEHAL, WED crss. OEFBELLOTWBEMT
H5. bec. TWEWT, crss. FBEMENIOY S5
W Lissd o EVIGER O L VL DITE LTV 5
W, Ll ZR(DRAOFEHD L 2B TTZ Lehi
P FRELIH: foc TELDLOM bee. THELDD
> BBV TFEN LBFRELER L Work X 5icsy
FTEZLHZEBELVOL, WS LIEDOWTEE
DEZAPELPTIR. LT feo OWEEETHD
EERFECOVWTH ERBRIZZENEZLDENES»
ZRIBLTRELRY. BTFER & BTFALE TR
KAITE R WERBIRALO X 5 7 S OBEI BRI, #
DG N DR ERFE I — R OB OEH M OEE
KEFHEEBELLTWSTHH 5L E25E, Fig.10 i©
X BBAMSEATES.) Fig. 11 13, FHRICKVTE
ZTLTW5% typel B, typel DZERE EEha RTHEM
MEIZRTD 0°2% WMAHRMBEMEETH S HHK (w/o)
REEAPZRTEDT, C, N 0:001 w/o DA — 4 —
X 5BIELBEZTWS. BEERERIZA > X b
D TF v v 7EE | mm/ min TfFhok. Zhb
ORE D My ERHKEIE?> S # 30°C ThHs L
bHDOTWHM®, T, Mg fi3 Fe-Ni 44 T8
50°C, Fe-Ni-Mn &4, Fe-Ni-Mo &44&Ciii4 100°
CThs ThozRDEEFLERPELTWERWE
R (fice BHiE) T, thermal REHED LIS
& (FFESOBEFESEAVEMIRIC LD L, bociF
ETRBVRANME I O>TESIEY & 5 LiBEKEYE
BIRTEND), GBBLDF —RFF 4 FOBESTDH, BHfE
du% FVhUE, thermal [KGa3b o LA TR D2 D
Exbh5.) LL, FOEEEHFED thermal fE&1i,
typel DZERERRT Fe-25'4Ni-2'17Mn, Fe-25-3Ni-
4-52Mo DFEEDE W AE L, type I B OZRER
7§ Fe-29'INi OB EHXREOET E & biTaBicK
ELBRDTVWS. Mg SUTORETELNRS 0°2% it
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S50
—o— Fe-29°7 Ni (ferromag.)
S —— Fe-253 Ni-4'52 Mo
~ a0 - ‘.\‘ —e— Fe-254 Ni-2'17 Mn
o \
: _
~ |
—g\ 1
— 30
v
g - 7
7 N . Ms R
2z
(o] -
oo T TR e
) Md\
g: \._. _ \\
o d
1o+ |
Ms TO\K-.O
=
0 \ 1 ) 1 ) 1 s 1
-200 -100 0 100 200

Temperature (°C)

Fig. 11. 0-29, flow stress vs. temperature curves in
the case of typical alloys showing typel B
(Fe-29-7Ni) and typel (Fe-25-4Ni-2-17
Mn, Fe-25°'3Ni-4'52Mo) transformation.

N DOfEN, Fe-29'TNi OFE+ — 257+ 4 be=w7
H4 PEDEEHBOLOTHDT, w7 %4 M
DEFEHDS KEL D RIBIEEBWEEZDOTHS.
(Fe-25'4Ni-2°17Mn, Fe-25-3Ni-4-52Mo D&, M,
R AT T 0:2% MABRED LTWBEDIE, ZREISB5R
FRIRITBRCAE L, TOERBEE LSEREE L Dby
POHRPITEXDESREBDTHS.) ZOBEBOESE
R VTIE, My SLATT fee BFD crss. &3k
WD LI TERVDED, My L EORE CiRALD
cr.ss. BDIREOKT L LI ABIT EFLTWSZ &,
—fRIT foec. WRITHBEERZD crss. V3 bee FFE
IRERFEI/NEWEEZ DN TWE L END,  foo
CRIDBFRELER 2 Z X555 TS Fig. 10 ©(a)
OGP BEATETH 5.

LI, FUN—FEIGEVHKT, #—2F %4 b
HIRRREMEIT 7L B OIS LT, EFAORKER (=7
1 73 AEH) PEERCEAOTCRA BT ETTHE
HBFOV 7 b= YBRRVHEINTNS AN~ type ]
BEELZRTEELDLEREIOA — R 7+ 14 MITRTH
EHETH D & &5, AR type I ZHER R 3 Fe-Ni-
Cr, Fe-Ni-Mn, Fe-Ni-Mo =% E&4&DA— <5+
A4 MITRTIEBEEMETH B &9, BXRZOEDHE
BRI R DI 4G (elastic) LMHBMERH D LEZ LR
DT L b, BERERN & AIROEERE®OMEN &

% Fig. 10 o(b)D XS5BT DT 5 EMTES.
type | A TREATRTELEDE T, TRERTD +— 2 F
4 F P3RS TH DA, BEMETHEHDLIFEET
L8, TN OLOHEEFH L LITR IR ITE o7 s
WAL, BERETLAD ¥ L — ) — ST RIS ESET
LThwnsry4 PEEBREF . — Y —ELDERNS
SVDTHIMROERTTLESL IV EELLNS.

T aEREOBHBET A VF ~ZHL REITICHG)
2T, Figo 10 @ (c)iemd X5, [BERTHS
CONEDOFMIEKEL LBDTHRDOL 5z LM %
5. Thbb, FREOLULHEEHBEM range] ©H 5

a BESTELZCONBEENIRE L Ld0I1L, iE
FLD crss FIELAEE(L LIV T, Fig. 10 »(d)
AR X STEREBOES{LT 2 v ¥ — DR ERTFMEIT A
EV. ZOEFE rangell THEWTHRBETH D, &
DIREHETIHRIMESAES CETT 20T, Eibx
ANWF — DIREERFEN S HICKE L L AN E £
b, ZEREAS range ] THTFHIBERT, IBEOEKT L
LEDRERRLD crss. BREL LD, (BEOKELAD
TELLMBEERABTLTLES) BIERLE T LY
WOT, FEHEbT AV - DRERERE, RicRT X
SIARIBRAIC/HhE L It 5.

PDEDFEERE, 3BETORREI2EZEL2ELED L, T
HEHS range | TH U BIESS typel A, range I T4
C55EH typel, rangell THU B A typel B
THDEMGOT B LBTES. ZOXSEELICHE
5&, typel @< %4 FONIRGRIGR TS S
EV S bhbhOITH/RVEF I typel A, typeI B
wF Y4 FPORBRMBICET A RRO SRR X
HBFSE L ORGE BRI IEL DI 52 LB TE
5.

2> ¥IT,
BET 5.

type I B T3 Tid, typel A, typel 12< H-EF
RELEBERETELS & S BBEELE X 1 < TR
BV T b LR O HRIHAEE 2 SEEO
F—2AFFA FOEEBBEZINE ZENEL LS.
SHITHIRD & 51, ZOEBRRTIIZRATH — X
T34 FPOBFPELLAREELEZDOTVWS. Zhbix
Lhiz, type B k15 c OERASELT5 L 5ich
<.

type I B & type [ A L CiE, HIFLLEH O
RIEDT &, typel A FREBIBEESHEME VOT, &
IREELVWOTh C Nk EORMMEFOLEC, Rtk
ROETBH O E LTHITREERECETLAWE

¢ (autocatalysis factor) @K/ DOWTDE
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Lt Xmt, type lAICKITFD ¢c DREESDHFH/PNE W
tEZLND.

type | A & typel &TiL, morphalogy, orientation,
habit plane, PEFEOHERER EXELILTW T, ¢ DIHE
BEoFELBERE CROIFETZ L3F i {v. type
I DOEBEREED cr.s.s. DREVEBTELTWS LW
5 AR DE 25 BTHIE, typel A, typel D F A
FUEHEL2EMCRESREARE LTS, typel TkiF
LI5S, FEEOA—2F 54 PR IIEIN 5 P8
INEV. X5, typel DOEREA R UAIRYIMEEY, &
— 2554 FOBERBT AV -2 TFETELED
NnTwng, Criose) Mns»se) Mo 2&ATWS. 3L,
KEZBNTSH, ThODOTERL -7 4 FORE
KIFT AL F— %2 FIFTw3 & Thid, BRASES) Lic
{leo7eh LT typel OFEEhE S5 ELFHATDHZ L3
TX%. J|E, typel itk3 55 ZADRAMOB ODNDOE
AV typel A WRBFHITH XD H/hEIVEVnSbhvb
NOFEFERMIL, COXSBRBKRMET 2 V¥ —D%)
BETRBRLTWS X5 icBbhs. (FEBXMT ALY
— BT A MMORE L LT, BRIABEEROEGZ R
THAREMDE 2 L0, BEXMGOBIBICRIT 5%
BLEETHS. FHEBRAMTOLODREERTNVT
YA MEREROETTHHEVIEFANEH5S.)
L2L, $hE4&OMBRGETLEHTELT—4
BEOIREAEDR, B/ Lt —RAFF+HA4 NRAF L
ZHMT LTE LN DTH b (Fe-Ni2 TROBRIC
B LREBRIET 3 V¥ — 12D T O T W,
309 N1 hfF T critical point 237FEHT 5 &5 CHAR-
nock and NUTTINGS) DIFZE3H 55%), L b T DOHE
Cr, Mn, Mo 7 &8 3SoEOFBITOWTIE, HEAS
PFLH—FHLTWiARWve, 7, KRR THEBER
g ¥ —, XK Cr, Mn, Mo OEHEIZDNTD
TSI H 75V, LadioT, BEREZANVF— L ¢
DRNBLENT AW L ORREMBCHERT ST EEHR
KT T L. )
DLERARCTERX 9, MEBLERRIISHBOMREF
Fols K TVER B, AW QIREREHLS X0 e DX
X, typel A, typel B, typel O&fE~ LT 44
FERERRR L oBE, BEZTCRELh TV HEIES
KEFETDELLFHEIN, 3ETHONIERS
BULLDTHL T EHBbrs. LizhiDT, iRk
FHEE LT YA MERERAEOMERERE F—/
CiEx X 5 LT 5BRTCITR AN ORE RN S,
TR ST Y4 MERROREMCET 507
PHTOEERDL I LBTES.

5. 5

G BIT S r—a' v T A NERER 3 DD type
AL, BAEREERXLAVWCENR SO ERREE
L LUTUTO X 5 ke

(1) wEHL= ALY — AWDIREREEY ¢S 2 —
2 — AT S E, Wb % athermal ZEEE% isother-
mal ZEEOEE L LTRTENTES.

(2) AW OIREEREHIRKEVWEE, typel OF
BEASER L, (SIBEIT AWOIREKREEIS/NIL KB L
type I 235234 %. autocatalytic factor ¢ B3 KEL 70D
3L, ZEREIX X b burst-like w70 %. ¢ OWEEEIEL
V3, ARSI CthOMEEOHRERAVTEETSZ
LMTES.

(3) AW L3 (=7 ¥4 b5 ZAOFHER) O
K& X3, oA UHEEREEALZ ETI®55, &8
HEWCIIAR L EL S XIES RV,

(4) EERSHEAMIST, BIEROBEEFELZE
Bicvwhb &, BEROEENG, JW OREREES X
NeDARESHLHPETHZLHBTES.

AR ORITIC B 7= 0 B W 7270 W e EIE BB
MEFFOL&RERE L USRS 2 IAE 0RO,
SREH# W LET
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