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Formation of € Phase in Fe-Mn Alloys Under High Pressure 

and Its Stability Under Tensile Stress 

Mitsutane FUJITA and lku UCHIYAMA 

Synopsis : 
The A s and M s tempera ture in the martensitic transforma tion of Fe-Mn alloys under hydrostatic pres­

sures up to 35·5 kbar were measured by the differentia l thermal analysis. The progresses of y->€ and €->IX 

transformation as influenced by the pressure and temperature changcs and the effect of the tensile stress 
on them were discussed from a thermodynamical point of view. The main results obtained a re as lo llows : 

1) The A s and M s temperatures in the y~1X transformation of a lloys containing 4'8% or 6 '76% of Mn, 
by increasing the pressure, were lowered a t an approximate rate of 4·0°CJIO kba r, while those in the y~€ 
transformation of alloys containing 6-76 to 28·24% ofMn were raised a t an approximate ra te of40°CjlO kba r. 

2) The As and M . temperatures calcula ted on the basis of the free energy changes of the phases were in 
a good agreement with those observed. 

3) The r ->€ transformation progressed rapidly in the vicinity of the M sT-h tempera ture and then gra­
dually with further decreasing the tempera ture. 

4) In order to stabilize at the ambient pressure and temperature, the € phase which had been formed by 
pressurizing, it was required that the M s' ->« and the A s' -> r temperatures of the alloy were lower and 
higher, r espectively than the room tempera ture. 

5) The increase in the tensile strength was obta ined only for the specimens in which the € phase had 
been formed by pressurizing. The reason for the increase in the strength was expla ined on the basis of 
the thermodynamics for the y->€ transformation lfider tensile stress. 

(R eceived Sept. 7, 1973) 

1. ~ 

'lj\'i:ET-C , ~iC MnO-'), Ru5) 6), I r7 ) t.;;c~:lJQx.t.:: 

2 5I;*~1li:~ Fe-Ni - Cr8) 9), Fe-Mn- Crlo)tl: coO) 3 5I;* 

~1li:<b~v'Ij:~5I;*~1li:" ) 12)iC;t.;-V'L, € *1'1 (hcp) 7.1;1-1:\ 

mi"~;: ~;Q;$Iil';5-~:nLV'~ - U' L-, ~fo;fET"('fj: € :j;1'l 

t:vtO)~njvj: Fe-Ru t.;; cO)!\>i'f?3ft.;;~1i£*"(' L-;Q'~~i?:n 

Lv't.;;V' , 

-h, ~;i\j~~-mI1fil.-C 130kbar ,!-C:IJQfEi"~c e;m;Q; 

~:bh~ 13) -'· ) , L-;Q' L- , ;:O)~fET"(-I:I:\~ L-t-=~O) e 

:j;l'I fj: , fEnH;Ti,*L-L~<~' 51 kba r ;I;-CIC~"'-'::L a 

:j;1'I 1;:~flli L- L L-~ oJ ;: ~ iJ;f,Il';5-~:n LV' ~ 17). 

tJJ:O) ;: C7.1' i? , t l..-, fE7J~JJIl;l; t-=vj:fEnT"(~~ 

J!Il~ ~ ;: c ~,~1i£5I;~~1JO O) 2 -?~m~:b{t:nf:f, ?aii:E 
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O)~:lJM; . ;mO)lJ:',mfEn~Tfj~ o)l;:1'f~"('<b~;: ~;Q> 
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9O~150 kbar eo1JQEE~frtJ:\r', 1]l;EEr'"t:I'j: a :f~b;~ I?b 

~~.~eoMM'"t:t e m~ •• ~ , ~eoemeoa~EE~ 

eo±!1i:iJQc c. t le~< t.J: ~.: c. Hli15- VCv'~ -

"*.R., r:f~b>I??)VT :,--- -lj-1 H!zmHeJ:-:J'"(1:.~~t: 

e ml'j:~~mM:""(' ~ ~ 1) 23) , e :f~eofFtEV'j:~~JJteoJ:.J1'- ICilt 

-9-T ~ c. ~.:t I?~ '"(V' ~ 3) 11)_ 

J:~ceo J: ? t.J: 1iJf~b;~ ~ Ie "4:, b>b>b 1?1':mtE"*.'"t: d~ 

b> I? t.J: ~ $)cir~ I'j: I~~ ;C I'j: l:t c.lv c Heffl ~ ~ '"( v' t.J: 

v, _ ~b> ~ r -> e ~1&,~;fljfflT ~ .: c. Ie J: ~ ~~JJteoj\lljv' 

~~mM:~b;~I? ~~':c., "*.t.::. r->e--> a ~ti'lleJ:~ 
TRIP :mf*~;fljfflT ~ .: c. Ie J: ~ir~eoM:fi~r:ll:~b;~.:t 

I?~~ -

*fli15-I'j:J:~ceo J: ? t.J: e meojfUffl le J: -:J'"( ir~eoM:fi~ 

eo r:ll:~~ ~~ c. ~'"(, ~1' Fe- Mil ~~Ie 3S-5kbar "*. 

'"t:eoEEJJ~JIc~EEJJr""(':iJQiI!.!l*tqJeo~JI~rrt.J:;': c. 

Ie J: ~, T -> e :to J: tf. r -> e --> a ~1&,eo~1&,*!IW ~IDIUA: 

e :f~eo~~1~Ie -:J v''"(~'{\JJ~~tdJt#,b' I?~wt~, ~ I? 

le~eo'1,HC7j~~~~i3 I ~ft ~ M:'iile -:Jv ''"( t~. ~R. teo 

""('~~ -

2_ ~ ~ 1J ;! 

2-1 11tiitM 
*~M;:""(,I'j:, 5~28%Mn ~~tr 8 f!ll~eo Fe- Mn ir 

~~MMc.~R. - "*.1', .M$)c:toJ:tf..M?:.---%:.---~~ 

M'I4c. ~ '"( 10 kg ~~j\lIjmJim:!:P'"t:i:§M~, ~ 5-6 kg eo 

m!:*H'F ~, EE~Ie J: ~ 10 mm ¢ eojl.l$c. ~R. - ~~ 

~~ I 200°C x 24hr ~~1$U;jjl-~=1&, ?,,/;L-::P "/7' 

Ie J: ~ 6 mm ¢ ;t""(' :iJQI~, ~ft]eo~M;:le~,~t.J:i'fi'~eo 

~eoMJl ~~J ~ I±l ~R. - *Mtteo1~~.~I'j:Table I 

eo c.:to ~ '"t: ~ ~ - t.J::to, .:~ l?eoMMeo11\'EEr'"t: ~ ~b 

~~m~x.~m""('IDIUA:R.~ ~eoM*~.eo~K~b 

-tt '"( 7f, ~ R. -

2-2 ~.1J;t 

2-2-1 ~1&, .#,eolJ!ll~ 

~1'~EEr'"t:eo~~g~:toJ:tf.T--> e ~geo~rr~. 

Table l. Chemical composition of specimens_ 

I Mn I C i S I P I Si I 
M- 5 4-80 0-002 0-003 0-001 0-006 
M- 7 6-76 0-004 0-003 0-001 0-007 
M- IO 9-57 0-003 0 -005 0-002 0-031 
M- 14 14-06 0-004 0-006 0 -002 0-013 
M- 17 16 -90 0-005 O-OOS 0-002 0-010 
M-19 18-58 0 -004 0-006 0-002 0-010 
M- 23 22-65 0-005 0-008 0-002 0-012 
M- 28 28-24 0-007 0-009 0-002 0-007 

* at room temperature and atmospheric pressure. 

Phase* 

a 
a 

a + e 
a + e+r 

e + r 
e+ r 
e+ r 

T 

!. 340 ¢ --------j 

I. 2 10¢------j 

A.C. thermocouple 

>n r+A- Tool steel 

@ Carbon furnace 

Pure iron 

Specimen 
D Pyrophillite 

Talc 

Cu disc 
Tool steel 

>------< 
Icm 

(b) (c l 

(a) Piston-cylinder type apparatus. 
(b) Pressure cell for measuring transformation temperatures 

of specimens. 
(c) Dimension of tensile test piece and a talc column for 

treating the test pieces under high pressure. 

Fig, 1. Schematic diagram of high pressure 
apparatus_ 

~iI!-!! H~nfteo~{~b> ~i~.IJ~ u:- t.J::to, M- IO MM:to J: r.f 

M-14 MMeo.ir~, BD~.~ •• '"t:.maeo~~""(' 
1'j:~eoM.b;lIIJ)ftt.J:R.IJf) Ie , 7f,~iI!-!!~Hfi}~tl*ffl U~ ­

'iltEEreo7f,~~!?j-m-I'j: , ~~~'"t:~ 100°C / min eo~JJt 

'"t:~tqJ~t.J:~~.c.M~teomJJt~eoru~~~~T~~ 

~'"t:rrtt. -:JR..-

j\lIjEEr'"t:eo~1&,_#,eoIJ!lJ~ICf'j:, Fig_ I ( a HC7f,T J: ; 

t.J: 1::' A r:'--- - !/ ~ :.--- ~. -~j\lIjEE~ $~1t ffl~, Fig_ I 

( b )Ie7f,~R.J: ;Ie 5mm¢ x 4mm eoMMc. 5mm¢ 

~I;: 2mm¢ eo:k~<bltt.::.ffi":~ 4mm eo~$)cMM~~ 

$eo~le~ftj6lj. , 35-5kbar "*.""('eo~EEJJle:iJQEE~, 7f, 

~iI!-!!?j-m-~'"t:rrt.J: -:JR. -

t.J::to , 7f,~1.{\?j-f!fffleoM :¥1feorle , 5 mm ¢ X 14 mm 

eoMMH~le 2 ?j- ~ '"(kftj6lj., EEJJr'"t::iJQ1..1!*!IJ UdJif 
~~G~~m~, X.~mKJ:~~.T~R.lJf)eoMMc. 

~R. -
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2.2 · 2 i\1liJIT-C 0)!<&:E1jU: EE7J O)i~JI~ 

V liJtf3J.0)51~R fJ f.1'it1:'l!'i:le~T QEE7J!<&J!l!.0)~~:a-llf.JA:Q 
t.:.I0,"::'., JI7Jt':l:hbf:J'Lil<tf3J.:a-:iJnr..!\ U<n" r~.g.I;t, Fig. 

1 (c) re 7f,-, J: 5 Ie, 20 mm 9 x 32 mm O)P3tt" )v:7 K. 

5mm¢ 0)1\:a- 3 :IJPfr<bI:rL, 'tLle51~NliJt~}lj, l!£gr 
~~m~J:~x.@mm0) 3 00)~M:a-m~~~ · 'to) 

F~, 5 1~M,;t~fflF,;t~JtO)3jlfi*r\0)~;b fJ r'::'I;tJiHa:a-~e­

"?I:r , ~;f4O)W;:~:a-j\jjJJ: L-t.:. · ~ t.:, EE:1JTt'51~N~Mi 

hL :a-1mr../!T Q t~.g.f';l:, J::~c ~ fo¥I,f;RtJ: -t·~O)liJtMiJt:a-Fig, 

800 

700 

600 

SOO 
!? 

~ 400 
" e ., 

300 c. 
E 
~ 

200 

100 

0 

"-

0 10 

I atm 

---- 3S'S kbar 

20 

Mn content (%) 

30 

Fig. 2, Effect of Mn content on the r~a, r~e and 
e~a transformation temperatures in Fe- Mn 

a lloys at I atm and 35' 5 kbar. 
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1 ( b ) I;: 7f, u,::1J~"e!<&:E.ill L.t,:. 

JI:1J'£P<lO)EE:1Jf;t, 5JU~IF' ) ~ fn],f;R, Bi ~ J: ~ TI O)W;: 

iiBJI7J c t ' .A ,,:.-- ren'n' Q j'iiJm ~ O)rf.ll:if,:a- <b Gil' c: Ol);j<: 

Ol)L~e-, 'tnn'Gt ~lJ;;t,: · 

3,1 ~ff"FL'o) Fe- Mn t!i~0)~~~ 

')tEET ~ 35'5 kbar O)EE:1JTeO) "'e-Mn *.g.{JZ0)i). 

w;:it.~,o#,:a- Fig, 2 I;: ~ ~Ol)L7f, L.t.:, :iJPJITQ'::' ~I;: J: 

fJ r ~ a * ~ J: ~ ,-) a * O)m:iiBrJfl~f:1i1~lJJn;t {i1T L., 

r ~*, W;:iiBO)!~.g.v';l: 1::1'/·T Q .::. ~ n;;biJ'Q . J.:LT f;: , 
Fig. 2 O)t;!i*;;o J: ~ Ln~ l"ref.Il'i5'~nLv' Qt;!i*1l-3) 

:a-t~~L.L~.L.t.:mJITO)W;:iiB~.~~ffi~~L, 

iI'liJIr O)~iiB~.O)~fr,le "?V'L)illA: Q, 

3 ,1, I 1fo;JITl" r --> a ~flli:a-g L T.g.~ (M -5 .:1'" J: 

~ M- 7 i?tf4) 
Fig, 3 Ie~EE:1JT't: M - 7 ~:M:a-;f-.AT:T1 I--*Eln' 

G~:I<f1 L. j~J~O)7f,~fA7t.jfrElllM!:a-7f, L. f;: . .::. O)~;fiHe~ 

V'Lv;t, JI:1Jn;{i1H~).g.rev;t , ~fA:a-7f,TUJi;t 1 "?l"<b 

Q n;, 22 kbar J.:)J::O)JI:1JTl'·f';l:, 'to)Ll!f;t 2 "? Ji!. Gn 

Q J: 5 retJ: Q . {g;EE't:O)Ll!f;t r --> a ~!@:a-, 22kbar J.:). 

J::'t:lj:2lJ;; GnQ Ll! I';l:, r-->' -)aW;:I@:a-~Tto) ~1E-.:Z 

GnQ ' 
Fig. 4 K. M - 5 ~ J: ~ M - 7 llj\:;!SfO)1§.~iiB)~';,O)EE:1J Ie 

J: M£{r,:a-~L.t.:· EE:1J:a-:lJn':zQ~, r-->aW;:iiB,o#,f;tii'TI 

• 7'JV7/-tt-1 r.~ft§-r:ifJ~O)-r-, T~a', £'--"'(X', r~£' C ' ~'?'j 
&«.~.&~*~~~~~«T.~~~. 

7"5 kbar 
M-7 (6'76% Mn) 

-- Differential thermal analysis curve 

- -- Temperat ure of sample 

500 

;;> 
400 

~ 300 
::> e 200 ., 
0. 

E 
~ 100 

0 

Fig, 3. 

15 kbor 

9 sec 

Time ' -

c 
2 
u 
o 
~ 
u 

. ~ 
., 
.:. 
"0 
>< w 

The differential thermal~analysis curves obtained in M - 7 (6 '76% Mn ) pecimen during 
cooling from 900°C under various high pressures, Two exothermic reactions of r-->a 
and r -->e-->a martensite transformation are recognized on the three curves at 22 to 29 

kbar. 

- 63-



~ 60 -4'- (1974) ~ 54 

700 

GOO 

P 

~ 500 

1'" , ---- M-5 (4-80% Mn) 

~~ ",,-:- M,' «1".'-
"'-.. . "",-" ,~ 

" ><. «-r I 

~.~eO'ing 

!'-', 

~ 
, , , 

~ 
I~ 

400 

... , 
' ,,- , , 

300 

".r_ .. ' .... , ... 
coo~R " 

~ ;:~--<Jj 

a 10 20 30 40 

Pressure (kbor) 

Fig. 4. Effect of pressure. on transformation tem­
peratures of M- 5 and M-7 specimens. 

Photo. I. Electron micrographs showing martensite 
structure obtained at 1 atm ( a) and 35' 5 
kbar ( b ) in M- 7 (6-76%Mn) specimens. 

ll<\~c 'bt,;] 40°C/ lOkbar {g;rT ~ _ tJ:il, M - 7 llit~ 

(6' 76% Mn) NNQ) Mn .~-fttl'll<\f4"cf'J:, 1tEEr"C 'b 
T-H ->a~m1i1;~c'?"cv'~ cv' 5 c cilt , ~1I]ileJ:: 

Mll~lJi~Q)*'t!l~ 'b c Ie L. "C~Iil,*~:/1,"Cv,~ 3)- *~ 

~"Cv'J: , Fig. 3 ilJ::V'He7f-L."t:J:: 51e, 22 kbar tAl:: 

Q)EEhr"Cr-> e ->a~~#.~G:/1, "t: . 

Photo. l le1tEEilJ::V' 35-5 kbar "C~G:/1,"t: M-7 /lit 

~Q)M~~7f-T- 1tEE"Cf'J: lath ;jj;;Q)M~"C<b~- -1], 

35-5 kbar "Cf;):, T -> e~1&,le J::l), ~fd~iI;~Jj)(;L. 

IXlc~ c ~ e -> a ~m1le J:: '?"C , a ffiilt-{-Q) e ;f1~IIUt L. 

"C ljZfJ<bM 'I;):iEI~lc~Jj)(; L.t:: c~*- G;(I,~- ~ t::Fol~ 

tJ:~~i&!N c~*-G;(I, ~ Fe-Mn2' ) ilJ::V' Fe-Cr26) * 
~~tJ: c"C 'b, Fol~Q)I;): L. c~*~;Il~iltfm~~ ;(I,"Cv' ~ ­

tJ:il , M-5 ll<\~"cI'J: 35' 5 kbar Q)7f-~~~:fJfEl:ll~~l::le, 

r -> e -> a ~m1Q) LlJ ilt.~ G:/1,t.l: i.I' '? "t:iI;, Photo. I ( b ) 

c Fol~t.l:I;): L. c;jj;;M~iI;lJi~~;(I,"t:- M~lJi~Q)~* c 

5f,ft~~:fJfEl:ll~~Q)~*ciJ;-3& L."Cv't.i:v, - c ;(l, I;): , 5f, 

j£~:fJf El:ll~.)lHe~1til;.~ G;(I,~"t:~lel'J: , *grl~Q) r 
ffi#r->e-> a Q)~m1i&!N~c~.~"C<b~c~*-G:/1, 

~_ -{-Q)"t:~le, M-5ll<\~"cI'J: 35-5 kbar "Cr;f~ iI'G 

*!iJT~ c c < -ffjl iI; r -> e -) a ~m1 L."t: c~*- G:/1, 

~ . 

3- 1-2 'ffiEEr"Cr->e->a~®~~tT~~ (M- IO 

il J:: V' M- 14 ll<\:jSf) 

M- 1O ll<\f4Q)t~~, 11"-EErQ)7f-~~..!lMJfEl:ll~~ICilv'"C, 

Fig. 3 Q) 22 kbar "C.~ G :/1, ~ J:: 5 tJ: 2 ,?Q) LlJiI ;lJi~ 

~:/1,"t:. L.t::iI;,?"C , c Q)ll<\*,fQ)iJJ~Mi\EEr"cI'J:~f 

r -) a~J1M;~ t I), '? tile r e -> a~m1i1;~ t: ~ C 

~*-"t: - 35'5 kbar ~"cQ)EEh~:t.JQ*-t.: c ~Q)~iTItF.ii.Q) 

~1t~7f-L."t: Fig_ 5 iI'G nfl GiI'tJ:J: 51e , (,1ljEErQ) r 
-> e~@Q)~~l::~~EErQ) r -> e -> a ~mQ)~M~g 

c.;It x."t: F.?- (190°0) 1./;-'1=)( L- "Cv' ~ - c;(l,~"C r -> e -> 

a ~@c L-"C7f- L."C ~"t:iI;, tQ)~@I'J: r -> e c e -> a 

600 

500 

p 

~ 400 

~ 
0. 
E 

{:'. 300 

200 

'~ 

~. 
-0--

o 

M-IO (9'57% Mn) 
)( Il>-f 

~ . 

7~ ><.. 

Heo,\ 

~ '" 
iA--'" 

/ > .P' COOliig 

10 20 30 40 

Pressure (kbar 1 

Fig. 5. Effect of pressure on transformation tem­
peratures of M-1O specimen. No a->T 
transformation is observed at 35' 5 kbal. 
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~.~~~~~~~~~~, ~~~*~tt~~~~~ 

~~.~I}r~~f:liEt&v"j: r -> E .~~j;)E~V';\:J:1f- L., E -> a 

.~~t~~vHl; r-t~ t~;t G ~~. C.~8X-::>V'~ 

v';\:, IJQ1;!\~~~~.@*JlIJ~M~T ~ c. t '"(., flJJ Gl.ple T 

~ c. U};,"(· ~ ~ . ~~ ~t!!ltJQ t t ~ Ie, 1Jp~\~f~~O) a -> 

r.®~~T, ~~.~~~.~~.~~T~~~~< 

td-. ~, ~ L. ~ 28 kbar iJ' G ,,-> r Rfill~~~\&J&iJ;~ 
bb G~~ J:. ; IUd-. 9, ~~~t!!l1JQt t ~ 1r.~~ ll.M*~ 

< td-. ~ . C. ~ c. t iJ' G, ~!rJ~~~~ E -> a .t!E\fi U':v' 

lelIl~ftfetd-.~, €~!M;:t;:lEletd-.~t,\!:',b~~. ~L.~, 

35 .5 kbar "t'f';\:, Fig. 5 ~~le~T J:.; Ir. a -> r.t!M;~ 

bbG~~<~~c.t~G, ~~Effi~~~#~T~t~ 

;tG~~ · 

-15, M- J4 ~H( J 4·060/0Mn),"(·fi M- JO ~n(9·57 

%Mn) J:. ~ Mn ;!!!:iJ;~v'~bb € ~l'IiJ>~ Gle:t;:lElctd-. ~ . 

~t;tfi, Fig. 2 le~TJ:. ;Ie, ·)f;~r'"(· M- 14 ~;f4 

~ 900°C x lOmin 1JP~\L.~::t-7.T:T1 r(t1tz~!nT 

~t , r -> ER1ill)';; 183 ° C'"(·~ C.9, 175°C'"(·E->a. 

1!BiJ'fi ~ ~ ~. L.iJ'L., 150°C / min ~IJPr!.!~&'"(· 800 

°C ~"t'1JP.L.~::t- 7.T:T1 I, lUtz, ~iii?IOUPT 

~t •• a~.~G~,,->a.a~.*&J&~~bbG~ 

T, )"->" ~JjJ(j@&J&~~ttJ:~ . L.~l.Jt-::>~, c.~~ 

*,Hr.~v'~fi , J:ilc~J:. ;1r.::t-7-T:T1 Ht~f4:~iJ' 

;t~c.t~J:.-::>~~€ffi~:t;:lE~~.~-::>~<~· ~~ 

B:~rlr.~v'~ ~, bTI.J' 5 kbar ~:JJPB:"t' r ~ E R® 

~~I.J;M~ ~~, a ;j;1'I ~~~fi~bb G~tJ: I.J'-::>~. 

r ->" .ri?lemv'~~c. ~ E ->a.1L~~*JlIJ~ffi~~ 

bble, M";m~::t-7.T:T1 Ht~14~iJ';t~t ~Ie~c. 

0, r->" .ri?t r->" ->aR1L~~~~.~trr~*~~J:t 
~L.~~~ . ~~~*, E->a.al.J;j\'g1:.~j;ffiJ~f"j:, r 
-> •• ~~J:.OR.~~~~1:.~9~~~~~RM~~ 

iJ;~bb G~~· L.~I.J;-::>~, M-14 ~*,HcJJ!.b~~ .-> 

a.a~, R.&J&"t'~R~~~C.~~~t5b~~ . 

L.iJ'L., c. ~.av';\:Ri~!\:~l!:I.J;ytd-. v't.:bble, ~B:r'"(· € 

->a.~I.J;~ r.~v,~ t,\!:',b~~~;IEf'"(·~, ~~r~~ 

~MMrr~~9'1U:le. ->a.®~~T.ltl.J;~bb GntJ:iJ' 

-::>t.: ~ ~ t ,\!:',b~~ . 

Photo. 2 I';\:, M- 14 ~;f4Iea; Gb~~ 2 -::>~.td-.-::>~ 

• filli®.ijlle J:. -::>~ ~~ Gn ~*Jl~~~l!Ji 1J~~ I ~J"t' a; 

~. 1:.~1J~)';'G r-> • • ~~~I.J;j\'g1:. oj~~~*Jl.~f,;\: 

( b )~J:.; Ie ·t!}V~~~ L. ~~ 9, -(-~*~ ~ Ii E->a 

.f&-iJ;~c. otffiJ~~U~( a) ~ a;j;I'I~*~ ~ t l'lf![ifJ r. 

"t' a; Q 1:. t l.J'biJ' Q. -{-n"t', 1:. ~ a ffil.J>1JpMle J:. ~ r 
HHr..~Ji L., ~niJ;nX:ffi:T Q M"1r.~![J~ ~t.: ~"t', lllUIll 
1t~~~ r tl'll.J' GR1L~ L.~. ;j;l'Ili:t;:lE c td-. ~, -(-~~bb 
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(a) The specimen was cooled after austenitizing at 9OQ°C 
for lOmin. Both r-+£ and £--+a transformations took 
place. 

(b) The specimen was cooled immediately after reached to 
austenitizing temperature of 8OQoC. On ly r-! trans­
formation occured . 

Photo. 2. Electron micrographs of martensite stru­
cture in M-14 (14 ·060/0Mn) specimens aus­
tenitized at latm. 

~,.->a.g~mk~~~c~;tG~~. 

3·1·3 'i\i'B:r"t' r->. ~f&,~j\'gT~~ (M-17, M-

19 ~J:.lf M-23 ~m .t"J:.lf )" .llHl'I~~~ 

(M-28 ~H) 

'ffi'~r"t' r->. ~~,]~~1:.T M-17, 19, 23 ~tr~ 

)/Bf, ~J:.lf r 1lt*1l~ M-28 ~HT, ~l.f.r'"(·~1:.~ r 

~e.a~.m~M.~~, B:~~~~cc~~~1f-T 

Q. -{-~~*~ Fig. 6 le~T. M-19 ~f"Hc-::>1t'~~ 

y-~-~[ifJr.M~~~L.k~ mH~~Q~bb~.L. 

~. -{-~J:1f-&~li*':J 40°C / 10 kbar "t'a; 9, M-7, 

10, 14 ii<t141r.~1t'~M~~~k~*c[ifJijl&c:·a;-::>~ . 

tJ:~, M-28 ~)/Bfle~1t'~li 22 kbar ~1JPB:r"t', ~~ 

~\Mrr~~9'He r -> € .~Ie J:. oRM~~iJ;M~~ ~~{;bb 

Q. L.I.J'L., M-28 ~f4"t'li r-> •• rL~~~{;t.!li&I.J'{g;< 
.®:tI.J;ytJ:\-'~bblr., Rr.{!~ ~fi /J'~ < ~IJ!IJ5EfilIl1ift 

'"(. a;-::>~. 

~~ 6~~Qc, trB:~r"t'~5EL.~.->r.g~ 
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----- M-23122'65%Mn) 

_ 300 1---- M-28 128'24%Mn) ~ 
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1l. 200.______ 6- .--.-n:::::- _-p -" 
~ -----<"'?- _ -5- of---
I- "'v ...... ~ -If- I ~----~. J- -- _r-u 
100~~~----~--~r---~ 

'" f.-r Heating I y-£ Iling 
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Pressure I kbarl 

Fig. 6. Effect of pressure on r ~" transformation 
temperature of M-17, M- 23 and M- 28 
specimens. 
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'/J' 1..-, l'4t:!n~0) M~ • i.ffil.gO)~il", 'ffiEErO) Ms m,g 

v;):iilUJl!J:Ir.O) ;t.r. 1t'. ;::/1,v;):, EE))T'C" r -> E ~ml~~ 

;:~K~.~~~))~'ffiEEO)~o)~:/1,~~~*~<~~ 

t.:1lO e ~.:t ;:/1, ~. 

3·2 r ->8 ~I!!iO)ilrr 
3·2 ·1 l'4t:!nvr.~~J:ftfJ 

~EETt> r -'> e ~1t\l0)Jj.'/J>~;: ~~*,f~ M~->' '/J';~ 

:/1,~ ~ {!!;H!tMIr.l'4t!!l1..- 'L,,',,?jd~il"Ir. , r -> e ~~1l0) 

J:ftfJ'/J>C? ~~'/J'~, ~Ui';~fr~ffl1t''L~mllr.~ ~~m 

;l:O)iJlU5E~~ evr. 1..-'L~~'k. ~t.r.:bt, M- 17, 19, 23 

Cl)1T~ff:a:: 900°C x 10 min 1Jn~ L. 'L;;t -.A T:t' -1' HI:; 

tf, 1'25, 12'5, :toHf 75°e I min O)illiM-el'4t:!n1..-, 

l'4t:!nm,JlE e r -> e ~1t\l0)~1L~1:.JiX:;I: e 0)~1*~~~'k. 

~:to, r ->" :to ~ V' " -'> a O)jiIij~1t\l:a::~;: ~ M- 14 llitof'f 

vr."?1t'·'O;):, l'4t~,*,Ir. r -> 0 ~1t\lO)Jj.'/J;g;: ~ ~? t.r.~ 

fJI[, ~~:bt" 150 0 e I min -e 8OQoe Ir.tm~ 1..-, 'ktt. 

t,1r.l'4t:!n:a::fJ~"?'ktf, ft\!.O)~of'f e FoJ~~~#-eiJlU5E 1..-

'k. ~1t\l1:.JiX:;l:O)iJlU5E Ir.~ 1..- 'LI;):, M§->' '/J' ;~i!t 1;-e 

O)~m;l: e XfJl! Ir. ~ ~ 5Ei!: l..'k E ~1'l0);I: U>lt{7\J VC1t, 

~;:e:to~V' rffier +EffiO)~~.1*a~FoJC-e~"? 

'k;:e~;, ~mK~~~m.e~D1:.JiX:.O)MK~~ 

~1*~~~el..'L, fJ~"?'k · F~7 K~:/1,;O)M*0) 

-$ e 1..- 'L, ~~of'f~ 12' 5°e I min -el'4t:!n l.. 'k~il"0)~ 

!iB1:.JiX:;I: el'fl"~m,gO)~1*~~ l.., M-23 ~of'flr. "?1t''L 

nl'4t~illig~~.:t'k~il"Cl)M*t~l..'k, r-'>,,~an 

M~->' lli:m-e~illilr.i1!fJ~ ~ '/J>, .:t-Cl)tfCl)l'fl"!!l"eI;): ;: Cl) 

~DI;):~~~'/J'ILJ:ftfJ~~· .:t-1..-'L, M§->' '/J>~1t,~of'f 

v:l c~~Ir.~m'/J>J:ftfJ~ ~ mg'/J'* ~ 1t'. 1..- 'k'/J'''?'L, 

0
0 20 40 60 80 100 

£ pho" 1°;') 

Fig. 7. Effect of Mn content and cooling rate ' from 
austenitization temperature on the shape of 
r -> e martensite transformation curves. M-
14 specimen was austenitized to stabi lize e 
phases, so that no e -> a transformation was 
observed. 

Fe-Mn il"1€O)r -> e~mv;):, r->a ~DILt~~~:/1, 
'L1t, ~ 27) ~ ? Ir., 1;f)!~Jji¥J~9EtFffl * (autocatalyt ic 

effect) IL~"?'L~.illiILJ:ftfJ1..-, "?~IL~m1:.JiX:~vL~ ~ 

7i"tfUtFffl** (geometrical partitioning effect of austenite) 

:to ~ V'~m~~5¥:lt'k*~mlO) r ffi'/J>i!tgO){!!;r e e ~ 

K~~~~Keffi-e~D~~~m~e~e~.:t;:/1, 

~ , 

1;'k Fig. 7 IL~l..'k M-23 ~of'fIL"?1t''LO)M*'/J'; 

:b'/J'~ ~ ? IL, l'4t:!nillig'/J>~1t'v:l c "ffiO);I:'/J>~ < ~"? 

'L 1t, ~, l..'/J' l.., M~->' '/J;~"'~of'fl:l c ~Cl)f~rfiJl;):, Jj. 

;:/1,t.r.< t.r.~ . ;::/1,v;):, ~D'/J;:fil.illiILiftfi~{,m,g~"e 

I;):, ~1!t':7JVT / ~-1 I-~DIL~"?'L"'~;: e, <6~1t, 

V';!:~mHL ~ {,~'/J>l'fl":!n,*, IL~#1~ :/1,{,'kIlO"ev';!: t.r.1t''/J' e 

~.:t;:/1,~. ~~ ~~~~K~1t\l~J:ftfi~~m,g~~ 

-e, ~of'f~-5Em,gK~M1..-'L~~DO)iftfin~.~:/1, 

t.r. '/J',,?'k. 

3·2.2 1JQEEIr. ~ ~iftfi 

"ffil;):, Mn ~f.l:;1Jn~ ~ ~il"0) v:l'/J'1JQEE~ ~ ;: e VL ~ 

"?"(t:li:5Eft~:/1" }ii¥JIr. t~< t.r.~ , 

Fig. 8 VL , ~f!t Mn .0)~f4IL "?1t,,,(, EE))~fJI[~fi 

t.r."?'ke ~VLq~;:/1,'k e .:tI'lO).eEE)) eO)~1* ~~ l.. 

'k. ~l..'L, FoJ~IL, 35'5 kbar O)EE))r't> 900 0 e VL 

:bQ~1j:l'fl"t<p l..'kJ~il"0)7"-7 - ~M~c l..'k, 'ffiEEr-e" 

+ affi-e<6~ M- 1O (9'57% Mn) :to~V' r + e + affi 

-e~~ M- 14 (14'06%Mn) O)jiIij~*'f-eI;): , ~EE))1;-e 

1JQEE l.. 'ktf, EE)) ~I\,~,* 1..- 'L')j\EEr't> X~Jl!@]tff IL ~ ~ 11'l 

• %11:~Ld~-" IV:;- ;;"t1 HD.I!lIflIl;b';lf%ffJl1:-ro.:>j;!to.:>-.. IV:;-;; 
"t1 H>~"QfFffl. 

•• ~l"t~-"lv:;-;;"t1 ~11:J: ~;t-.A:;-:t1 ~*iUU((:b>?}l!iIJ*tLQ 
fFffl· 
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Fig. 8. Effect of Mn content on the amounts of /, 
e and a phases in Fe- Mn alloys which was 
air- cooled from 900 0 e at I a tm and then 
pressurized. 

~5Efrl: U.:t!i*, 1JuJ:E-ltfie ~li';J:ET-C / ;/'1'11)' G~,* L t: 

W~~~.&~ effi~~W~ht:, -~, mJ:ET-Cr+ 
dl'lib Q " ' It dl'lll!;fI'!-C ib Q M- 17, 19, 23, 28~~jli\ 

;M-c' It, 1JnJ:EleJ::'?"( € ffiltt~)JWTQ· -'(-L"(, M- 17 

(16'90% Mn) llit;jEf~ 35 '5 kbar ~J:E)JT-C:bfJ~\*'En L 

t:jb)~le, Fig. 8 1e7f;TJ::?Ie, 98%cv'?:IIi'b~H'1l 

~ df1tJ~q~Ght.: . 35'5 kbar ~J:E}JT-C:IJfJ~*'EP Lt: 

ljIgft ~ llHe)]fJJ:E~lj.~t~~~ JUx:-r Q ~, liIT:tf~~tJ~~ 

< ~ e ,fr:JtJ~q~ GhQ . .::. hit, M§ ... • tJ;)]fJJ:Ele J:: ~ l:.Jf. 

TQ~~, -'(-~t!i*R®~&~~$~'?"«Q'::'~~J:: 

U::lJfJlE~lj.~~~-CltR:rrM;1ji;J:EL'if!;fTT Q t:1/) , Rn.~ 

~ev@lw:;?~ytJ:"'.::. ~ tJ: ele J:: Q c}~'kbhQ . 

Photo. 3 It, 'ii\J:ETL' r ll!ffi-CibQ M- 28 (28-24% 

Mn) flj\N( a) C .::.~jli\;jEf~ 35'5 kbar le:IJnJ:E Lt:~~le 

r .... e Rfi,.~~~ t.:. t:iW.m( b ) ~ ~7f;T· ~ t:, J:t~~t.:: 

I/) Ie , (c)le'ii\J:ET -C r+ e ;f1'l -CibQ M - 17 jli\;j6feviW. 

~~7f;Lt:· ~J:E~lj.~J::~r""e.®~~.::.~-\tt.::iW. 

~( b ) ~ 'ffiJ:ET~~tnl'j:l ~.I~-cq~GhQiW.m( c ) ~J:t 

~T Q C, ~F')j!;le le"( ", Q tJ; , JliJ:tf( b ) ~iW.mle It, * 
R@~ r:l'1'l$7}Ie~< ~~tLtJ;n~~ h"( "'Q . Lt:iJ;' 

'? "(, tJ1IJill~J::?tJ: dl'l~~~ii£~~tJ;~t.:.t:'b~c~ 

x.GhQ - Photo. 4 1e M- 28 ~;j6f~ 35-5 kbar ~:bPJ:E 

~J::'?"(4t.:.t:.m~~~7f;T · '::'~J::?~, ~J:E~J:: 

'?"(~ t.:.Q" ;v'T / -tt1 rR®IL~"'--C'b, .m~~iJ; 

.~~hQ,::,c~G, 'ii\J:ETL'*.I'j:l~~'::'QRg~. 

J:ETL'~Rg~~~~t.:.J::?tJ:*.~TQ'b~~mbh 

Q . 

531 

(a) The slru ctture of r phase formed during air-cooling from 
900°C at I atm _ (M-28) 

(b) The structure of £ phase formed during pressurizing up 
to 35' S kbar at room temperature . ( ~1-28) 

(c) The structure of E phase formed during air-cooling from 
900°C a t I a tm. (M- 17) 

Photo. 3. Electron micrograph of the structure with 
e phase obtained in M- 28 (28' 24% Mn) 
specimens. 

3·2·3 "511ftf.t:1JleJ::Qif!;fT 

Fe- Mn *~~~~~i¥J~~lt Mn :litle J:: '?"(R{ I:; 

L , -,(-h~~~TQffi~~~~J::U:~5E~~J::Q'::'c~ 

f.& 'r5- ~ h "('" Q 'H)2S)2"). -'(-.::. L', :lJpJ:E Ie J: ~ e ;/'I'l ~~IJ 

~~'i¥;J:E ~!~~ J:: ~ ~ < L"( "5 1 ~~!M'~tJ: c~ R{I:; ~ID13 

-", ~ GIL"5 I~~ilJtMi:~~;fI'l ~R{l:; c:IJQJ:E LtJ:tJ''?t.:~:M 

~ -'(-h c ~ lt~T Q .::. c Ie J: ~ ~R®~"5I~~f.t:1J Ie J: Q 
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532 i'k l:." ~ 60 ~ (1974) ~S.!i} 

( a) By optical microscopy. 
(b) By scanning electron microscopy. 

Photo. 4. Surface relief appeared in M- 28 (28' 24%) 
specimen by pressurizing to 35' 5 kbar at 
room temperature. 

J:f!ft~~t-tL..t:· t:t~, 515~ilitJt(I'J:It'1':/1,~1i\~r~fJ 

t:t -? t.:. 

ljJ!~~J:~51~~~tEO)EE~~!1I!~J:~ 35 ' 5 kbar 0) 

EE~r~:buWl\~~~fJtJ: ; "C.. c IC J: Q.ft.~ Fig. 9 IC 

~L..t.:. M-tO (9'57%Mn) ilit~tJ,rO) Mn ~*tJ3 

~~IC-?It'"Li'J:, EE~~!1I!O)R1JIC, 950°C X 15 min:buWl\ 

L..;;t-.7.7:r4 Ht.~, 7j(~L..t.:. (-:/1,tJ,J:O)Mn:;ll!:O) 

5 ~~IC-?It'"Li'J:, ~~O)~!1I!~ftt:t-?t:. Fig. 9 IC~ 

It\"(" , :buEElc J: -?'"C M-tO j;)rO)ilit*4~i'J:, liI~O).ft. 

I'J:~/i) G:/1,tJ:V'tJ;, (-:/1,j;)J:O)ilit*4~i'J:ljJ!~0)J:41tJ;l7-

G:/1,Q · "C..:/1,i;t, :buEEICJ:o r-e .1t~O)J:f!fJICJ:-? 

'"C, e ~~O)t!!l:bu~ J: ~ r ~~ICfftET 0 .r&'~IC J: 0 ~ 0) 

c}~,:b:/1,o . tJ:~, 35'5 kbar O)~~r~ 900°C ICnu 

~ L..~~n L..t.: ilitJf4Ie -?v'"L 0)~)Jt~ ~ L..t.:tJt , "C..0)ljJ!~ 

0)J:41i'J:~nX:T 0 e ~tJt:buEEO)J;.O)~it J: IJ $- < t:t 0 t: 

/i)c*;tG:/1,o. L..tJ> L.., M-14(14'06%Mn) ilit*4~i'J:, 

1i\EEO)~it J: IJ ~{g;It'ljJ! )Jt~~ L..t.:. "C.. O)ilit*4 ~i'J:, 

Fig. 8 1C~ L..t.:J: ; IC, v'1':/1,0YnrEIC J: -?"L ~ d~I'J: 

Ii c)V n!!l1m L.. "L v'tJ:V'. {-:/1, 19>;t, lij~O)jg;rv'J:, 

M§-->' tJ; 35'5 kbar ~v'J: 300°C c~r.A\lICibot.:/i)IC, 

r-e.n~~~o*.nO)rffi~J:~~~.~~~~ 

Coe-a.O~~~o*.OO)effi~{-:/1,~:/1,.n~ 

~(-:/1,~~~~~~-?t.:t.:/i)c*;tG:/1,o. 

Fig. 9 ~O) 1% ii1t:1ibrc;~O).ft.I'J:~~O)~*cFoJf.R 

~, :bumc J: -?"(" r - e .OtJ;J:f!fJT oilitf4IC~v'"LJ: 

~tJ;~/i) G:/1,o. L..tJ> L.., 51~~ IJ .~tJ;J:f!l7-, TtJ:bi? 

51~~rc;~IC J: o.OtJ;J:f!fJTo IC -?:/1,"L, ~~~JJIl.O)~iJ 

*v'J:lJ!;X:PTo. "C..0)"C.. cl'J:, Fig. 9 ~O)m5N~0).ft.~ 

i'J:, "9; t:~~~JJIl.O)~*tJ;~/i) G:/1,o tJ;, WiIlYTrc;~~i'J: 

~~~c)V~~/i)G:/1,~<~o"C..c~G.;tJ:;. t.:t: 

M-28(28' 24%Mn) ilit*,,"O)J:j}itILi'J:~~ ~t!!l:bUT 0 c, 

iJJTi1ii~m$i'J:lJ!;X:pT 0 IC ~ tJ>tJ>b G1'WiiJJTrc;~tJ; J:41 L.. 

"Lv'o· "C..0)"C.. b~> G~~~JJIl.o)~*I'J:"9;t:Et-?"Lv'o 

c*;tG:/1,o. Fig. to IC, 4H!!!0)~~~JJIl.~1i\~~51 

~~-?t.: c ~ IC~ G:/1,t.: Stress-Strain ElU~O)f7IJ c L.. "LM-

28 ilit~IC -?v'"L~ L..t.:. 

~~~JJIl.O)~IJ*tJ;ibo tJ>, ibo v'I'J:51~Nilit~~"9; ~~ 

(-O)~*tJ;Et-?"L v' 0 tJ> ~; tJ>IC -?v'"Lv'J:, Fig. 1 nC~ 

T, 51~~ IJ ilit~R1J~O)1i\~:1o J: ~~~~JJIl.~O)~ilit~IC 

fftETQ~~O)1!iUittJ>Glt~~~J:;· ~~, 51~Nilit~~ 

O)~~~O)~~O)j!fUitv'J:, WiiJJT L..t.:51~~ IJ ilit~Jt~t':"LIC 
-t;01fJfL..t.:~, X*~@HfilcJ: lJiJllJ'.iE L..t.:. L..t.:tJt-?"L, "C.. 

0)~itO)~ffiO)~Uitl'J:5 1~~ilit~*WlO);f};O~~ L.."L v' Q 

~O)c*;tG:/1,Q. Fig. 11 tJ>GbtJ>oJ: ;IC, M-19 

(18'58% Mn) ilit~tJ,rO) Mn :;ll!:~*t!ilit~IC~It'"LI'J: 

e - a O).OtJ;J:f!fJT o · {- L.."L, (-:/1,tJ,J:0) Mn I:~ 

*t!ilit~f~v'J:, ~~~!1I!-tt1'IC1i\~r~51~~ilit~ L..t.:J:j} 

it, r - e .r&-tJ; J:f!fJ L.. e ffiO)1!iUittJ;t!!l:bu L.."L v' o· 

35'5 kbar ~:bu~L..t.:J:j}itc~JJIl.L..tJ:V'~itO)ilit*,,"IC~ 

1t'"L5 1~~ilit~~IC~G:/1,o e ~O):;ll!:v'J:, M-23 (22'65% 

Mn) ilit~~I'J:lic)Vc.ft.tJt~/i) G:/1,tJ:v" L..tJ> L..M-

28(28'24%Mn) ilit*4~i'J: 35'5 kbar O)~~~JJIl.O)/]tJt 

~JJIl. L..~It'~~J: IJ $- < tJ:-?"LIt'Q. "C..O)~*tJ> G~, 
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Fig, 9, Effect of pressure on hardness and tensile 
properties in Fe-Mn alloys, The marks (0) 
show the results obtained in specimens, which 
were quenched from 900°C at 35' 5kbar, 
The marks (0 ) are the results obtained 
after pressure treatment at 35' 5kbar, follow­
ed by heat treatment at 250°C and I atm 
to control the amount of e phase to the 
same extent in specimens which were cool­
ed at I atm, 
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~Ie~~:b;i1!fiT ~ llf[iIHlO)~!IiIJ (~J:j:l0) li13~m\7}) :b;:lJ~EE 

O)lj.~fitJ:"?"C"b ~~ L-, -f"0)*6*, L1GT • ( P ) 0)~1l: 

~GM~~tL~oJ:lJ"b~<O)e~~:i:ntL-~c~x.Gh 

~ . 

4.2·3 515JHC;7) Ie oJ: ~~m1O)i1!fi 

515ftr.t:::!JleoJ:"?"C "b? }VT /-Ij-1 r- ~~Ii i@i1!~h 
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~a~filil~;fUfflT~;:' c:b;~x. G:(L~· TtJ::b~, 1mEE 
KoJ:lJr~E~n~~;:.~-tt"Ce~~*~~-tt~;:,cK 

oJ: 1J5~~~J:~~-tt, ~ Gfe-f":(L~515ftr.t:::!J~:lJQx.~;:, 
CKoJ:lJe~a.~~~;:.~-tt"C~~~*~~-tt~;:.c 

:b;Wl~<:~~. TRIP jJllJ<:1~G:(L~:*~tJ:~i~:b; r~a 

~fi&lF.f0)#:ffl~1l:K oJ:"?"C"b ~ G ~:(L~ c~x.hvi, e 

~a~nO)mlefi 1' 3% c v' 0) r~a~~O)-f":(LoJ: IJ:* 

~ v'#:mO)lW3ij~:b;<b~~/iOle-f"o)~*fi*~ v' c ~x. G 

tL~· 

*~~"C', EE::!J~fJIHe oJ: IJ e ;f~O)j!fU~:b;it{j:lJ~T ~ Ie L­
~:b;Hm~O)J:.~:b;lj. GtLt,:. ;:.hle "?v'"C Ii, :f1[~JlU 

<:f'iIDl,RA<: ~f, 515ftr.t:::!Jr<:0)~;f>1'j0):ti:5E~~~ x. ~ 
£,~:b;<b ~. ;:.h ~ <:Ie, 5 1 5ft~ cO)r.t:::!J Ie oJ: IJ ~n:b; 
i1!fiT~~/i00)~1'fte "?v'"C r ~ a ~nfe~ L- "Cfifll!k 
0)*15-:b;~ ~h"Cv,~ 38)43)44) :b;, ;:.;:. <: r~ e ~f&.IC"? 

v'"C::I$-x. "C lj. ~. RiJW~ <:v'i, r;f>1'j:b' GO)~in<b ~ H;l::lJn 
EEICoJ:lJ:i:ntL-~E~0)~1l:tc"?v'"C L1G H

• (x,T,p) 

Ie oJ: IJIDI,RAL-"C~t,:. ;:.tLc~fRle, ~fa~ b ~nle 

:t>v'"C5 1*r.e;::!J ~-9-x. ~ RiJO):lj.J~ (;:. 0) c ~ 0) ~ ~ x:t, 
}v-t-' -~1l:~ L1G~->b) ;(p G-f"O)r.e;::!Jle oJ: IJ ~!~:b;i1!fi 

T~~~~~x.~c~O)~<:-9-x.GtL~. 

LI Gt .... b+ ( L1 G~1b- LI G~""b);:;;; 0 ............ (5 ) 

;:. ;:. <:, d G~1b li5 15ftr.e;::!J Ie oJ: G t,n'''C'~f~~i1!n 

~-tt~te/iOle£,~tJ:m!IiIJ::!J , L1G ~""b li5 15ftr.e;7J!eoJ:"? 
"C~f~~~:b;tJ: ~ ht.: c ~ O)i±iJ<:, ;:. 0) x:t, }v-t-' - t.: 

~mD::!J (L1G~~~y~<"C"b~n~i1!fiT~c~X. 

~ . 

L1G~""b !e"?v'"CI";l:, PATEL G ") :b;r~a~!I1'iO)~n 

mJ~ili1ffi.~leMT ~?1-~I\r.e;::!JO)~~~~le "?v'"C7F UemJi%le 
oJ:"?"C-9-x.Gh~cL-~. T~:b~, ~~<:7F~tL~. 

LlG~""b= V m {i-roQ sin 20+tEOQ ( I + cos20)} 
.. .. ... ........... ........... . ( 6 ) 

;:.;:. <:, Vm li7}T~, eoli ~m\leoJ: ~#:mV'f.lj. , 

ro vi-ttA,~3E 0 firIM£OOO)i'J;;~~C5 I ~nlbcO)tJ:T~~ 

Q fHHf[\r.t,::!J· 
(5 ) ~ C( 6 )~~1tffl L-"c, :lJnEE L-"C r ~ E ~n~i1! 

fi~-ttt,:llitJft!e"?v'"C' ~ Gle ;:.O)~i'1B~J1tn~-ttQt,: 

/iOle£,~tJ:r.t,::!J ~~ X. "C lj. oJ: oJ· r ~ E ~n<:f;):iJ 15Rr.e; 
7]:b; 1 kg/ mm' *:lJQT~ICvtv" J'&**"J 1'2cal/ mol* 

O)~g~i1!fi~~~~/iOO)x*~-t-'-#~x.G~~~c 

• (6)';:11".~\''(, To = 1/2y2"', '0 = 0'0116""C: u'(LlGt.~b 0) 

Ja*/iI(~*'?J: ? t ... 0 ~*It>'(trJ1ut:. 
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538 i'k c iJi ~ 60 ~ (1974) ~ 5 -~ 

iJ; ( 6 ) ~ J: f) wtl'r ~ tL.'Q· -E, Fig. 13 iJ' I?biJ'.'Q J: 

;Ie, 22 kbar O)tJ~a:leJ: lJ'ltiffiUe:li;v'·O.l:f-] 30 cal/ 

rnolt-:lt £ ~l'liJ;*5Elet;t.'Q (LO)@n'.l:ili\~HeJ: I?f-5E 

"C"cO.'Q) . t...ft:iJ;-?'"C,tJ~a: t...ft::f~, 'lta:rL'515Nili\~~ 

fjt.;. ; c., 22kbar O)tJuEE"C"~'.l:*"J 25 kg/ mm' O)~f*r.t 

1JO)J:#iJ;~/JOl?tL.'Q L c.let;t.'Q. LtL~'.l: Fig. 10 le]f­

t...ft: M - 23 :li; J: Lf M - 28 ili\~f0)515Nili\~1JJWl0)3~J3ttlti 

tJU c.1;J1:£-!f< t... '"C v'.'Q. 

J:'ilcO)J: ;t;t~x.le L..t-:iJ!; c. , 51~Nr.t1JleJ: f) £ -> 

a~~iI;fH:if!~tL.'Q M-14, 17, 19 0) 3ilJt~f"c"~'.l:,EEj) 

~fJIl~0)51~NilJt~L'0)~f*r.t1J0)~fU'.l:, .:f:0)r.tj] Ie J: 

-?'"CllHJHe~ L .'Q~~iI; r -> £ ~~"C"cO.'Q ii' £ ->a ~f!!i 

"C" cO.'Q iI'le J: -?'"CrJt;J:.'Q · -tt;tb"l?, £ -> a ~iWl'.l:tJUa: 

leJ:-?'"CI'.l:~~~5l:lttJ:v'O)L', 5 1 ~Nr.tj]leJ:-?'"C, £ 

-> a ~IiM; r -> £ ~!f,,~J: IJ )tle~ L .'Qt~~IO'.l:, ~fJIl t... 

t.J:v,c. ~ C.FoltRt;t515N?fi!liJJ~]f--tI'.l:f"C"cO f), -t< tJ: < 

c."b , M - 14 ilJt~iJ;LO)tl:it\He~l'l~ t...'"Cv'.Q c.~x.I?:tL 

.'Q. t...iJ't..., L 0) J: ; t;tili\~le:li;v''"C"b, EEj]~fJIl-c'~~ 

JJtO)J:#iJ;~/JO I?tLft:. LtLl'.l:, tJnEEle J: -?'"C1t9 L -?t-: 

r -> £ ~fm;O)if!fjle J: .'Q ~fm;~O)iltitJ~:li; J: Lf r , £ jiIij~1'l 

O)TIUIli]!ft. "b./jj{~O)--?L'cO.'Q c.~ x.l?tL.'Q . 

5 . *S """ iilll! 

Fe-Mn *~~O) r~a, r~ £, £ ~a 0)7 )Vr / 

-ij-1 r~IiBO) As c. Ms r~JJtO)EE1Jle J: .'Q~ft.~;tiw-t 

t..., i1ilJ3t, EEj]:li; J: Lf5 15Nr.tj] O)~ft.O) r -> £ ~it~O)if! 

fj Ie M-t M~~Hc-?v''L~j)~~U9,iJ' I?~t.i t...ft:. 

( I ) r->a~f!!iO) Ms ml.J3tI'.l:EEj]O)i!!ltJ~lev.E-?'L*"J 

4O°C/ IOkbar fg;r-t.Q· -E, r -> € ~fL~~'.l: Ms :li; J: 

Lf As ml.g:r c. "b le~:"J 4O°C/ IOkbar O)J:#iJ;~/JO I?tLt-:. 

( 2 ) ,g.~1'l0) i3 Eb x ;f- )v-=\, - ~ft. c., ,g.~~lliJ;1t9 L .Q 

"::!lZ,~t;t!w!liJJj) ~~[if t... 'LlIt'tr- t...ft:, Ms :li; J: Lf As ml. 

~~.:f:tLI?O).~.c.~t;tf)J:<-!f<t...ft: . 

( 3) r -> £ ~iWl'.l:, Msr~'t1il~llimL'~;mleif!:fJ t..., 

.:f:O)~O)t1il~fg;r Ie t... ft:illv' 19>.'Q ~iI'leif!rr-t.'Q· ~;m 

Ic~f&,iI;if!fi-t.'Qml.l'[:b.ilt"C"O) dl'lo);@:I'.l:, MsT->' ml.1J!)'J; 

i\1Iiv'ilJt~lic~v" 19>.'Q~iJ'le if!:fJ-t .'Qr1ilg:r:b.iltL'o) £ ~I'l 

I'.l:, r -> £ ~flliO) i3 Jil.I.;f- )v-=\, -~ft. c. ~1! t... '"C~ft.-t 

.'Q . 

( 4 ) 1J~EE:li; J: Lfa:j)r"C"tJn~\~En O)~fJIlIC J: -?'"C:':E 

~t...ft:£~~ , ~~~EE"C""b*5E"C"cO.Qft:/JOK~, nEE 

rL', Msc->a iJ!1f;iffiU;J.rlecO.'Q L c.:li; J: Lf ASC->T iI!1f; 

i1ilJ;J.J:le cO.'Q L b'J;!lZ'~"C" cO.'Q. :t t... 'L, tJ~EEle J:-?'"C 

:':Ent-t.Q £ ~O)iltitJnli r -> £ ~IiBO)i3Jil.I.;f-)v-=\'-~ft. 

c.~i!!!-?lt'"Cma~~tL? .'Q. 

(5) tJnEEle J: -?'"C dl'lil;:':E~-t .'Q~~le, lilJJr:li; J: 

Lf515N3~J3t0)J:#iJ;~/JO I?tLft:. L 0)~~J3tJ:#1'.l:, TIua: 

Ie J: .'Q r -> £ ~mlO) i3 Jil x;f- )v-=\, -~ft.le~ t... v,t.t.iJ! 

5 1 ~r.tj] Ie J: -?'"Ct.;. ~ tL.'Q c. f!i5E-t.Q L c.le J: -?'L, m 

a~~tLft: . 

• bf)K* •• ~.:fJ-t.'QKcOft:f), ~ •• ~M~~ 

v,ft:t-:v'ft:~1iJf;tmn*.IEfij(jW±v'.l: t.:./JO~f*~e;;lel?J1 < 

~~t...;J:-t. 
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[f1~] 

( 2 )~-C:~ t...~<&-:m0) §EB=*,lv~-~ft~, LtL'" 
-C:IC ~ GtL"t" It, ~ ~1J~T -!l - ~?XO) J: ? Icfiffl t..."t" 
at~t...t~· 

'" T, ?X~O) J: ? IC 'it 1£1'"0) § EB = *' 11-- ~ - ~{t~.iE 
lllJigf*lli:W- t...1:. 

LlG~->b (x, T ) = LlG~-:b. ( I - x ) +LlG~~b.x 

+ L1Q~.~n .x.(l-x) 

ktL-'ftL O)lJl:IC "?It'"t"f'j:, Table I IC~t...~3cilikO)~ 
!iii ~ ffl v' 1:. * •• -c:.mt...~~mO).~b~~?Xo)J: ?-C:~ ~. 

a -7 r ~ 1m I -][ V, I: tf. t..., ][ f'j: (- 2 390 - 2, 723 
T )c.t...I: . 

r -7 e~lTh1 V][-Xl-X 

Fig. I IC 7F t... I: KAUFMAN IC J: ~ at~ -c: 0) ~ iii 0). 

~b~f'j:?Xo)J: ?-c:~~. 

a ->r~ lTh1 Jl-Vl - Vl 
r-7f.~Jrn V-IX - Xl 

t.l:~, It'TtLO)at'jJIC~v'"t" {" a-7 e ~JrnO) §EB= 
*,11--~-~{U'j:, LlG"->'(x,P, T)=LlG" .... " (x, P, T ) 

+ LlGr ->'(x, P, T) c. t..."t"*~I:. 

Table 1. References of various parameters used to 
calculate free energy differences between 

a, rand e phase in Fe-Mn alloy by the 
regular solution model. 

Transformation Parameter I Reference I Number 

30 I I 
G,,->r 

Fe 

I 34 n 

32 I 11 
a-7r G" .... r Mn 

I 31 N 

32 I V 
.Q~:.rMn 

31 I '1 

5 I w 
Gr-o . 

Fe 

I 6 WI 

r >s G r..; . 
Mn I 31 I IX 

33 I X 
Q~:.'Mn 

31 I Xl 
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