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Morphological Study of the Isothermal Martensitic
Transformation of Iron Alloys

Toru Araxi, Kohji SHiBATA, and Hitoshi WADA

Synopsis:

Morphological study of the isothermal martensitic transformation of Fe-25-7%Ni-2-76%Cr, Fe-25.4
% Ni-2:17%Mn, and Fe-25-3%Ni-4-52% Mo alloys with very few content of carbon and nitrogen has
been carried out and the following results were obtained.

(1) The typical isothermal martensite of these three iron alloys transformed at temperature range from
room temperature to about-100°C were a lath type martensite having tangleddislocations.
(2) AT gretaly lower temperature than—100°C, the martensitic transformation with burst-like mode occured.
The martensite transformed in such manner had many twins other than dislocations, and it can be
considered that Georgiyeva et al had regarded improperly such kind of martensite as the isothermal one.
(3) The dislocations in the isothermal martensite lath were less closely tangled than that in the so—called
packet type athermal martensite.
(4) Some regions having different image contrasts were observed in the isothermal martensite laths by
transmission electron microscopy. It is supposed that those implies a little change of the orientation
during the transformation. :
(5) The lattice orientation relationship between the isothermal martensite and the austenite was analysed
approximately as the“so-called K-S relationship. .
(6) Some highly dislocated region was observed in the austenite surrounding the isothermal martensite.
That region was extending into a characteristic direction.
(7) These results drawn from this study give important informations about the interrelation among three
types of y—a’ marteneite transformation in iron alloys.

(Received Aug. 27, 1973)

1. #&

LR LT Y4 NERROTEIL D S BREE =LY
fifASPTAE & &2 By w VT A PERRTEAT 510 <
SHOFNEERESATIREY. L L, Ik
FBHwT g4 b 2T IRIER IV i) D athermal
TTFLHA NERESHD, SENT A MERRIC
B 5K % athermal = v 5 44 MEREICEA
THIE, T SOMOEEERE BRI LTz
TRAESEV. —F, ESEZEE7 VT 94 oS
HLLHELLFRELDTALL, Lidd, Thbo

il

FEAEPREHBECLSDDOT, LOL VWbWD
athermal = L7 4 A Ffsurface = b7 44 F&ED
BRCTFSES LB oWEEEAERY. &
DX S5EEENL, EE LT H4 b athermal <
WF YA b EOMBEHEERRICE LT, S8k
CIWVIRELS FIE L TW5S. 7ok xid Guera ¥,
NeEMIROVSKY® VX, EE < v 5 o 44 bBRLNLEL aci-

*ORAN48E ¢ AXSHMAKRRTCRE
RFN484 8 A27H %14
ORmAFE L
R HEWKE

— 43 —



648 g & 60 £ (1974) w6 =
Table 1. Chemical compositions in weight percentage of alloys used in this study.
Fe Ni Cr Mn Mo | c N
A Bal. 257 2-76 0-001 0-0016
A’ 4 254 2-35 <0-001 0-0014
B 4 254 2-17 <0-001 0-0010
C 4 253 4-52 <0-001 0-009
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Transformation curves measured by saturation magnetization.

In the case of alloy A’, B and C it is clear that isothermal transformations occur.
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Photo. 1. Photo-microscopic picture of Fe-257%
Ni-2-76% Cr alloy transformed for 30
minutes at-80°C isothermally.
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Photo. 2. Flectron-microscopic picture of Fe-25-7
9%Ni-2-769% Cralloy transformed for 30
minutes at —80°C isothermally. The
structure is very like to the lath struc-
ture of the so-called packet type ather-
mal martensite of iron alloy. But it
can be seen that the dislocation deunsity
is lower than that in the case of the
so-called packet type martensite and
the regions of very low deslocation
density are characteristic in this isother-
mal martensite.
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Photo. 3. Electron-microscopic picture of Fe-25-79,Ni-2-769Cr alloy transformed for
15 seconds at —196°C. The structure is showing the sympathetic nucleation
occures side by side.
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Photo. 4. Electron-microscopic picture of Fe-25'7%Ni-2-76%Cr alloy transformed for
30 minutes at —80°C isothermally. The diffraction patterns are showing that
the lattice orientation relationship between the isothermal martensite and the
austenite was analysed approximately as the so-called K-S relationship.
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Photo. 5. Electron-microscopic picture of Fe-25-79,Ni-2'769,Cr alloy transformed for 30 minutes at —80°C
isothermally. The diffraction patterns are showing that

the lattice orientation relationship between the
isothermal martensite and the austenite was analysed approximately as the so-called K-S relationship. In-
terfaces between the martensite and the austenite are curved and so can not be shown by the unique face index.
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Ni-2'17%Mn alloy transfomed for 45 minutes at —
80°C isothermally. The micro-structure is very like
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athermal martensite.
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Photo. 7. Electron-
2-17%Mn alloy transformed for 60 minutes at —38

°C isothermally. This picture is showing that the st-
ructure is not lenticular but lath type.
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Photo. 8. Micro-structure in the isothermal martensite and the austenite in the case
of Fe-25-49,Ni-2-17%Mn alloy transformed for 45 minutes at —80°C.
Some regions having different image contrasts can be observed in the mar-
tensite latl;g. It is supposed that those imply a little change of the orien-
tation during the transformation. Arrows are showing these regions. And
some highly dislocated regions are observed in the austenite surrounding the

isothermal martensites. Those
direction.
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Photo. 9. Micro-structure in the isothermal martensite and the austenite in the case of Fe-25'49Ni-2 17%
Mn alloy trasformed for 45 minutes at —80°C. Micro-structures are almost same as that shown in Photo.
Arrows are showing some regions where the orien-

8 but highly dislocated regions are shown more clearly.
tations are thought changing during the growth.

Photo. 10. Photo-microscopic picture of Fe-25-3 95
Ni-4'529,M, alloy transformed for 60 minutes at
—38°C. This picture is showing that the structure is
not lenticular but the so-called lath type as in the
cases of Fe-25-79Ni-2-769,Cr and TFe-25'49,Ni-
2-179Mn alloys.
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Photo. Electron-microscopic picture of Fe-25-39
Ni-4-529, N, ailoy transformed for 47 minutes at —
80°C isothermally. The microstructure is the so- ca-
led lath type as in the cases of Fe-25-79,Ni-2-76
9%Cr and Fe-25-49;Ni-2-179,Mn alloys.
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Photo. 12. Electron-microscopic picture of Fe-25-39,Ni-4-529,M, alloy tansformed
for 47 minutes at —80°C isothermally. The diffraction patterns are showing
that the lattice orientation relationship between the isothermal martensite and
the austenite was analysed approximately as the so-called K-S relationship.
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Photo. 13. Micro-structure of Fe-25-794Ni-2-769,Cr alloy trasformed at — 196°C.
This picture is showing that the lenticular martensites co-exist with the
lath type martersites.
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Photo. 14. Photo-microscopic picture of Fe-25-4
%Ni-2-17%Mn alloy transformed at
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Photo. 15. Micro-structure of Fe-254¢4Ni-2°179;Mn alloy transfomed at —196°C.
The lenticular martensites containing many twins can be observed.
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Photo. 16. Photo-microscopic picture of Fe-25'3
9,Ni-4:529,M, alloy transformed at
—196°C. Many lenticular martensites

can be observed.
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Photo. 17. Micro-structure of the martensite and

X .
e R .

the austenite in Fe-25'39,Ni-4-529, M, alloy trans-
formed at —196°C. The lenticular marteunsite con-
taining twins and the lath type martersite can be
observed. The dislocation density in the austenite
is much higher than that in the austenite surroun-
ding martensites transformed isothermally at higher

temperature.
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Table 2. Morphological interrelation among

the isothermal martensite, the athermal packet

martensite and the lenticular martensite.

So-called athermal martensite Isothermal martensite
Classification Type IA type IB Type I
(so—called packet type (so-called lenticular
martensite) martensite)
Shape Lath ! Plate Lath*
Habit plane {111} ;1 {225} .19 1015)16) {259} ,1m18) {225} ;19)19)20) {255}721)
or {3 15 10} can not be decided uniguely*
Orientation K-S K-S N K-S K-S§*
relationship
Fine structure Dislocation Twin+ dislocation Dislocation*
Autocatalytic a) Side by side nucleation!®)| Autocatalytic effect is thought| Autocalalytic behavior
behavior 22)28) vevy large2) but the fine can be thought very like
b) Nucleation of non-adja- | mechanism has not been to that in the case of
cent plates which parti- | known. type [ A*
tioned the parent :
austenitel2)22)23)
Rate of growth a) 800y /sec 10% cm/ sec24)26) a) Equal to the growth
(Fe-C alloy)12 rate of the packet
b) 72~400 p / sec martensite (type
(Fe-Ni alloy)2» I A)z42n
b) 90 i/ secz®)**

* Results of this work

** There is doubt that this might be the growth rate of the so-

FDEELMNE (UM1de it—F LTV 5. FE 14 133}
BB OREOREAMBHEBRTE S, R A [
FARTNT A PLEBR L RO 2T A
FAHEINS. BEE 15 B roBES0o L ke
YA O HIEEE R Licb 0T B2 — 2 ik

i i‘u ;
s

S -
Photo. 18. Micro-structive of the martensite and
the austenite in Fe-25-39,Ni-4'522
M, alloy transformed at —19:6°C.
The twinning structure of the marten-
site 15 seen much clearly than in

Photo. 17.

called surface martensite

2> FEDOA Y — 225800 X Sic gExhs.
NOLDZ MY —ZIFEBHD X5 Cla v, ZoHmE
conjugate JLAENCH A b ) — BB SN, i G.
THOMAS 13, Fe-25Ni-0'3V-0-3C alloy iz 35T (112) 4
HED twin 33, BASEED (112), H.ET twinning
LTWHBZEREELTVWBY. BE 15 0FESd, X
DIC TS T BRT 2T o b I RUERED 70 & L1k v 2 751
75, double twinning 234 U T WA A fEMERSH L. BE
16 13588 C ¢ AR OXEFEMEBMMTHS25, FELA
EBRL IR T o444 b5 THD. FHE 17, 18
WZD L EOBEBFIEMEMEMT, FHE 17 i3>
ZIRTNF A R BEBNE. A —2F F4 hols
MEEELRVEL, WEEv VT34 Mo X BT
BOREVWZEEZ RLTWS. FTHE 18 i3zt A @
FH 13, 38 B 0FE 15 L FHBSHEESSE LN
D ZDXSTHEMADEETEL, —196°Clcad i35
&, ME~wF o4 I\bi%ﬁb:fﬁ)ﬂzénécgﬁ;%g .
M Eleofz. T ZTCHE GEORGIYEVA Lo hic b
LHMBEERLTHDLE, METNVT P4 FETF TR
<, WIS AKTATFHA b LD HRD b OB
FELTWDZ EiLanoL. s, r¥chbn s
ZR=NFoHA b O FHEE #8 LD s EH TR

54 —



BELEEITEEER~AT VYA P EBOERENTA

659

75, bhivbh s Eh SHIETF LT, #OMKSFRICET
Frd L= 5 ¥4 MMEEEW athermal < v 7 24 A
FCHY, F—2FF4 PREN/NI VIR EOEHRT,
HE LT L34 b RSN TR RN,

BB, S BB roa EREH-ICIEET S
2, BT BT LMD r—a' vV F A4 FERELE L
WUT, AR TEOhAEREEROMRARR L BD
HFTE2ILTRT.-E2ITHEVT type I 28\ % ather-
mal =5 ¥4 NERBT, type Il BER~<VF 5
4 MERETHB. type I D5 type TA H% packet,
BLWEEME LT A4 bE TS D
D, type IB %% lenticular, acicular, IERH 5 Wi
burst =V F 34 FLEERSLDTHS. ZORX
D type IT OER < L7 44 b5 type TA DWhD
% packet w7 YA MCHBENCEOLTWDL I X
Hoh 5.

D EoOFRMEOER L, HMckIB w74 b
ZRROG—IBRCS LEALBHREE X5, $hbd
Sibhbhiy, BAEREEREZRAVT Slickd b
type IA, type IB &5 X OF type Il y—a' <A F ¥ A
FEREOMERFREERE L, Th SoHEEERITEREL
TR X —DEEEREEOKE X, X autocatalysis
factor (4B Xhicw T 44 b3, BFEEOA—-27F
FA4 i EREFOERY A P ERREET S rEERD
TR) OASZINLBATERZEEZELLILAED.
FOKE, wNF P4 b EREIR BT D MFAELER M
© type IA, type II TREERIIZ X D, type IB TRIMERIT
InAEvrbsL#EzBE, FEEb 2 V¥~ DREREYE
DREXE, F—2AFF4 FOBEROIRE KM LM
e, #—2FF4 b (BBWET VT4 ) DE
Fo R AW T DIREREME & EHANCE ST TH
2B EMNTCEBTEETR LI type I OFRE~< VT
CHA MMM T 2RI T U H A FPTHDLEVIE
Moy, LRo®E x L HEEALEI ISV TFE
LRV,

ARGV F Ao, Fe-Ni2Ric Cr, Mn, M, ZFH0
% & type IB 75 type II o745 & & & FHHESD
L7=ds, SRk d vy s34 VERROREZES
PICT BN, TOHEMPSEFAE N TR LK
V. UL, RO EZAESEMEE (Fe-Ni Z JTRIC
Cr, Mn, M, 273 %5 & (M) iR A4 — AT 7
A FHIERAREE L 7 D) LT DWRILAS AT ARG
TR ROBEERFEOHR. 5V Cr, Mn,
M, BEBRM A VF - LR IFTUHEIEZLLNT
PEVBBFEATL T Lo TWniWwd. 25 L-HRE

— 3

massive,

BeT o4 FERELESOMED BV S S
OFERRE L v O BTN ERE DD, bhvb
hiis4s, FO X5 SLELIT LTVERVWEEX
TW5,

5. %%

Fe-Ni 2 tRic £ Cr, Mn, M, ZifmLic 3
BOELTHEVWTSEMCAET B VT 314 PR
HMEL->ED X S kw2 ET.

@ Te-25'79%Ni-2:76%Cr, Fe-25'49,Ni-2"17%Mn,
Fe-25-39 Ni-4'529% M, T RWT, HL EIER, —
100°C BCA U 5, BAWMEREv VT ¥4 M, R
KM s LCiER ST IR VT 4 FTHD.

® ZREEENSX HIT{KL /b & burstlike fL w7
¥4 PHREC DM, ZOLELEULTNT YA M
WNERRRE & LT Mm% &Ts. GEORGIVEVA B, DX
ST A MERERLF YA FERFE LCH
AEHEDSEE L .

® EE<-LFHA RO T AROEERE, athermal
AL B o hevF 94 X0 ohOEEH
Bl NERG D3 B

@ SARNI, REOCRPTHIZIERLIZZ &L
IsEEzHRL 3L T2 bOIEYS, BEFHEMET
HEInG. .

G F—2FFA FowF 4 FOBTFERIE,
*hg K-S of%TH 5.

® EEEcECkwvTFraA CORBEOF - AT
F 4 T, 5 5 i O U iER B O B W RIS, B
mIh5.

@ FWECELNFERT, KMTRTB 2 D
v T Y4 b EROGE-EE BEL TEE 52
5.

B
AR DRITIC B b R T W o SRE AR
RO 4 RS BT U DRI 2 IR E DMK, W
*ABTERNEEZOFARC L RSB LET

'8 ik
1) W. K. Jones and 4. R. ENTWISLE: JISI, (1971),
p. 739
2) §. R. Pat1 and M. ConEn: Acta Met,, 17 (1969),

p- 189
3) §. C. D. Gurta and B. S. LEMENT: Trans.

AIME, 191 (1951), p. 727
4) V. V. Nemmrovsky: Fiz. metal. metalloved., 25

(1968), p. 900
5) V. Racuavan and M. ConeEn: Met, Trans,

=
o



660 #® L

%60 £ (1974) H6 =

6)

7)
8)

2)

10)

11)
12)

13)

14)

2 (1971), p. 2409

I. Ya. GEORGIYEVA et al.:
ved., 27 (1969), p. 1129
FEAR, 4M, fMME: $:4@, 60 (1974), p. 258
B, s/ r7—¥: BESKMGLEESNSE
SRXTHE

§. Dasa and N. BRown: Acta Met., 14 (1966),
p- 595

K. Sumzn et al.: Modern Diffraction and Im-
aging Techniques in Material Science, ed. by
S. Amelinkx et al.,(1970), p.229 [North-Holland
Publishing Comp.]

G. Trnomas: Met. Trans., 2 (1971), p. 2373
4. R. MARDER and G. Krauss: Trans. ASM,
62 (1969), p. 957

P. M. KeLLey and J. NuTTing: JISI, 197(1961),
p- 199

R. P. REED: Acta Met.,, 10 (1962), p. 865

Fiz. metal. metallo-

15) J. A. VenaBLe: Phil. Mag., 7 (1962), p. 35
16) J. F. Breepis: Trans. AIME, 242 (1968), p.

1495

17)
18)

19)

20)

21)

4. B. GRenNINGER and 4. R. Troiano: ibid, 185
(1949), p. 590

#l: Sci. Rep. Tohoku Imp. Univ., I, 23 (1934
-35), p. 638

G. R. Srinvasan and W. S. Owen: report pre-
sented at the Annual Meeting of AIME, New
York (1968)

§. Jana and C. M. Wayman: Met. Trans., 1
(1970), p. 2825

C. L. MAGEE: Phase Trasformation, ASM (1968),
p. 115

22) J. M. Marper and 4. R. MarDER: Trans.

23)
24)
25)

26)
27)

ASM, 62(1969), p. 11
V. 4. Dusrov: Fiz.
(1966), p. 551

R. F. Bunsuaw and R. F. MenL: J. Metals, 5
(1953), p. 1250

K. MuxkHERJEE: ibid 242 (1968), p. 1495

R. B. G. Yeo: Trans. ASM, 48 (1964), p. 57
G. Kurpymov: JISI, 195 (1960), p. 26

metal. metalloved., 21

— 56 —



