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Effects of Small Pre-Strain and Austenitizing Condition on the
y—a’ Martensitic Transformation of Iron Alloys

Synopsis:

Toru ARAKI and Kohji SHIBATA

Grain refining and plasticity induced by martensitic transformation are thought to be important for

developing high strength steels with ductility.

The phenomena are connected with the nucleation process

of martensite, although the nucleation mechanism of martensite has been still obscure.

In order to get some informations of the nucleation effects of small pre-strain and austenitizing conditions
on y—a' martensitic transformation of iron alloys have been investigated by measuring electric resistivity
and hardness, and by optical-and electron—-microscopy. A part of experimental results have been analyzed

numerically by reaction rate equation.

Merits and demerits of hitherto suggested models of martensitic

nucleation are discussed comparing with the results of this work and a direction of future investigation is

proposed.
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Table 1. Chemical composition of alloys
investigated in weight percentage.
Alloy Ni Cr Mn C N
1 25-7 | 2-76 0-001 | 0-0016
2 25-4 2:17 | 0-001 | 0-0010
3 32-5 0-004 | 0-0012
4 26-9 0-002 | 0-0008
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Fig. 1. Effect of pre-strain on the isothermal

martensitic transformation of alloy |,
strained at 100°C and transformed at
—32°C. -
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Fig. 2. Effect of pre-strain on the isothermal
martensitic transformation of alloy 2,
strained at 100°C and transformed at (a)
—41°C and (b) —44°C.
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Fig. 3. Effect of pre-strain on the isothermal
martensitic transformation of decarburized
and denitrified alloy 1, strained at 100°C
and transformed at —33°C.
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Fig. 4. Comparison of results of calculation

(plotted) and experiment when the best
fitting between them 1s gotten.
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Fig. 5. Effect of pre-strain on Mg temperature
of alloy 3, austenitized at (a) 1100°C
and (b) 560°C and strained at 300°C.
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Fig. 7. Effect of austenitizing temperature on Mg
temperature of alloy 3. Specimens were
vacuum-sealed into the small volume
silica tube and austenitized. Filled circles
are showing mean values.
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Fig. 8. Effect of austenitizing time on My tem-
perature of alloy 3. Austenitizing temper-
ature is (a) 550°C and (b) 1100°C.
Specimens were vacuum-sealed into the
small volume silica tube.
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Fig. 9. Effect of austenitizing temperature on Mg
temperature of alloy 3, austenitized in
the static 1 atm Ar gas.
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Fig. 10. Effect of austenitizing time on M temper-
ature of alloy 3. Austenitizing temperature
is (a) 560°C and (b) 1 100°C. Specimens
were austenitized in the static | atm Ar
gas.
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Fig. 11. Effect of austenitizing temperature on
Vickers hardness of alloy 3 in the condition

of austenitization.
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Fig. 12. Effect of austenitizing temperature on My

temperature of alloy 3 which was sub-
zero treated and austenitized without
solution treatment.
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L.

Jonus Bl —AFF A PHEOHRE LH A
NCFi~ w7 o9 A MERRIMBARMT L, * - 277
A MEORESEL 8D & ni, AW HhEliebT &,

1100°C

Photo-micrographic pictures corresponding to each austenitizing condition of Fig. 9.

1050°C

o2mm . 4

1290°C

Photo-micrographic pictures corresponding to each condition of Fig. 12.

BB 7e b & ni WXL DH AW BELIR WL
LAEX, HEMLA—XFFA4 MLZX B 0 KT
FEMNEEOT LEUT 2T TVWES. F—2FF+4 ML
Zlkic L B ng, AW OZ{Lds L L burst-like = v 7 2
4 FPEEOBGITIEU S LTHIE, EELOFEHER
PHEY F—27 74 MUuBEoER & &biT My fd Lk
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Specimen

Bell jar
Thermo. Turh switch Photo. record.
Couple
Cu thin plate <[ / I
Cu plate ~_| Pen oscillo. T
B
Cu rod \\ \’ C(:)ld '
Lead wire Junction
I_T 4 U —
l L{E’ 4 cro.
Ar gas =@ I Trigger
— j L_—LL : — pulse
I i | SN
! Magnet S .
! { swirch tart switch
! H '
Buttery
Fig. 13. Diagram of the equipment for rapid heating.

AUKTITDZ &892 5. Tt —257F4 MeER
XD Mg EdbEIELLEVEED, , X h AW O
ROEBRKENEVIFTELFHRY OER,» SHAFX
5. Photo. 2, Fig. 12 0 X 5 KiBH{LAE %2 Tcb
BWIERIE, BIBF—AFF4 MLThH n, AW RBEL
LIt K, M; BOETHBENLDTHAS EEZLN
5.

L2 L, SOLHKERBEBRETLOCIZIES LTCHHE
A CTOEBFERBLETHD. L LEDX 5EE
EEAERL, Fe-17Cr-14Ni(C<0-001) & & Bkt
D M1, Mgqt T35 X IET HESHIRE D%hR % F 7= Hico
LDOMEWNRHLBET, SLLEL OWESUETH
55.

AR B DO D EIRL LI Mg 503 5 alloy 4 10
BWTA—2A7F4 MUBRE & M & & OBFRE2 A
BRI DVWTHRS. A —27 44 MLtk 2SZ(b
BCEDHREFMNELT i Fig. 13w T XonE
Bzl WERZ{T Dk, MBAREEBEEE TRV
REIMFIRE s X O M S, HReHc 2 # o MEESHh
720 lmmeDFHNAN - ZaxWTEDTT 2 bLa
—F—BXUIRF o o iR LR AR dhig X
Dokdi. FHE% Fig. 14 Ry, ZoBE&d, Fig. 12
R SasTRI 5% OEER L < LEHIRAITCHE DO BEHHE
U Mg S2MET 3 BRSNS,

1 200°C x 30min (in Ar gos)

—> Subzero
—> Rapid heat in Ar gos
100k {~5 000°%C /sec)
&
OLO)
@ e
2 ° 7
50 - °® 5
T 5f | { 1
500 1 000 1 500

Heating temp. (°C)

Fig. 14. Effect of austenitizing temperature on Mg
temperature of alloy 4. Specimens were
heated rapidly by using the equipment
shown in Fig. 13,

6. #2 &

FAROBERE S LI LTHERD T ¥4 FEERE
DIZERIC AT 5 iR E BT 5L DLTOX Stk
5.

w5 44 hEEEEHY homogeneous nucleation®® 3%
T/ F i heterogeneous nucleation #1774 5 L5 &
LRSBPALI EINTVWERTDOERCOVWTIRWE
7ZBARE T\, fE3E heterogeneous nucleus & L C#
2bhicbDuHIETHE Table 2 X 5iTin 5.
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Table 2. Various hitherto suggested models of nucleus.

A compositional fructuation

a chemical effect
FISHER, ef al.45)46)

b strain effect
CEecH, et al.4T

c short range ordering
DoucLass, et al.4®)

d small magnetic cluster
VONCHIKNIN, ef al.39)4049)50)

B structural heterogeneities

a displacement of lattice
MAcHLIN, et al.19

b embryo (Frank5), KNAPP-DEHLINGER?))
KaurMan and COHENS®)
MAGEES)

¢ dislocation configuration
JonEes, et al.®

d dislocation-stacking fault configuration
Suzukl, et al.5®

e stress field by defects
BREEDIs)
Kurpjumov®

(C-free 7 region)

(strain site by impurities)

(dislocation~loop generation model)
(dislocation propagation model)

(long range stress field by pile-up dislocations)
(high local stress by cold rolling or irradiation)

f defects decreasing strain cnergy of transformation

MAGEES#)

(twin boundaries, stacking faults)

A D5ba,b, c, diZAPRTRNATEICX 5%
HaLABEN TR AEVWEEZLNS. BDYL, -2
FH4 M7 254 bEFELOICVbYWLET T Y
F PBFEET S &5 Kaufman and Cohen o € 7 L1,
ol ZIET7 =54 bEE LS Ty BELTCHB L
ERMESTLEDI YR EF AP LTFRINDELERE
B R oha» D75 Macee DFER L, =
VTN ADEELEEMHT L XS R ERERSERET
HDHTEMPLEYLEFTVEIF DRI, Jones 5
SR LT o4 MEREHEMAETLT T YA
V3Eshr configuration A SRS & L, T AW Hit —
27 F A4 MeERic L S voRER R A v ¥ — &
BGds o s mmLTws. EhSEAER L BEND
L7 Lk, AR OEEY S RSN/, Suzukt 50
T FOVISPRIERAL L R FORLEWR EBREB I TWD
ERESH D, BFOAKEEREE® VT 34
FERED X 9 2 WHEEREE LTRADDIDEE VT,
iR ORHHEOEKXT, BHFBEAORFES R~ b
) — -6 L TEIEINTWS. —J, Fe-29-79%
Ni 4k Th Au-47'5%Cd &Rk, ZEEAE
FTRHSHEIIRISEEINTVWE®., EFELR
ZHLERTFOREEREE RS &,
YA NERE, SHEC T YA MERBR EGEEE

burst-like <L 5

W5 roa’ v vy oA PEEBERAMOMEREGES S
CPWATEL I LERLIY. ZD X 5 Suzurt LD
= F )b JaswonD £, ¢ dislocation generation € 7 b &
FEODIF BT ELTEHEDEFNVORRBEHZ D ATHE
HAETEIDEELLNSYS, BB, £A—X7 51 b
(b4, irradiation®®? OFHRL LI T XEHLEREE
L OBGESHELA TR VWELRSEHOFE LB 5.
BreeDIS [IFTERIC L DEERLD /A VT » T K D RH
HIGHENTEYRET D L, &S VEEEZ 2L
L E{RESREIINI DT L, BAILIIKELKLD
L EEEIG N AMEM S Rz VIR OIS S REZ BT 7c
DLTERERXIHIT S L2 RELTVWS. /o Kur-
pjumov {I%RAMNL, whiEFHEFICI D v T84 b
ZREDOREIIFIBTLXOHRPBDP O VHETH T &
P SAMETE DB VRGN MRS A bt s & LT
Wi, AT 0 1% BEORETERPEESND
TEERH LR, COBEOETCEVRMIGHSET
LHEI,EVIERMNES. L LESOFR =V
Fr44 MRS XETREOHRONE = BRI
BRTWHETHEHEESINS.
TDXS5BTLBE, Boc,d, el XUl &
FREGCBIRT 23R CERRARFIC BT 5 FOAE
EEEETIE, &4 T 5T 94 MERE
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CRITEBEERDEHITIA LABoa, b FXoeFi
ZEZXALELBPAEIND LD TEbRS. FELED
XOBBTFRMEBEDL 521K Dh & D7 fid B
WBEZHLPIT T H0DITE, REUTHEDX WERES
RIS AR ER XL +HhShiaidbhug o sk
V. X ORE, FERETHRNAXSmA —RF 4 Meh
DRGEALIEH5EE L T bt i, #
FREGOSHFEZEEMBD 7-DITIE, BETHD L v 54
M5 ELTHBENTO AT 94 MEREDREIE
Bl BE It REIRTLRVWE S EELN S

7. & 5

GELITKIT S y=a' v VT YA MERE B XIEY
BAEIE, F—2F7 F 4 MEGHOIBEEFHILUTO X
SIskER BRI

1) By 94 NZRE,
A4 FERBE HIT 1% UTOMAREIC X b ZREN (B X
hs. '

2) WIEP AL LD 1% x5 & TERIIIFIX R

burst-like =5 5

%.
3) FR=NT YA FERCSWTREEERER S H
WTIZNLOEREMINT D &, FIEOHEIL 0,V @
Zibr LHAERS.

4) burst-like v v F ¥4 FEFREDIES, M, Sick
JIETHIEDOER & HGEERN 2 A VBT 5 L4508
TNT A NEEOBEL D b e, AW DLE{LDOKE W
T LRI I .

5) FIERORIIIERETH2TH C, N oghEs
BRD L TTHREBELN.

6) WRKKITDF—2AFF1 MLtk b Mg Sp3M%

T+ 5REBR LN ZOEREFHSI»ICT S 7-DIT
WBEEES AV, Xbitd—~AF 44 MbbhoRsZ{b

LT LS BEHTERI L INLTIEL LW
LHBERINI.
7) Mg ARBIETHA— 27 F4 MMEEE ORI
INEWT EBG DT
8) AMEDEBREZEZICLTYINT ¥4 MEEED
BT T DHROETFAXERTDH LI Y, iR
EZE#eFIN, o7 )F =F Lo BELS BRI
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