
~.~~~~~~~~~~, ~~~*~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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400 ~---.----,---,----, 

_ I M-17 116'90%Mn) 

----- M-23122'65%Mn) 

_ 300 1---- M-28 128'24%Mn) ~ 

P I ~~8 
~ 6/~/:t~ - .<) 

1l. 200.______ 6- .--.-n:::::- _-p -" 
~ -----<"'?- _ -5- of---
I- "'v ...... ~ -If- I ~----~. J- -- _r-u 
100~~~----~--~r---~ 

'" f.-r Heating I y-£ Iling 

°0L----L1 0----~20----~30~--~40 

Pressure I kbarl 

Fig. 6. Effect of pressure on r ~" transformation 
temperature of M-17, M- 23 and M- 28 
specimens. 

As i!tlJU: ~oj;EErO) As-->T m,JlEv;): 1:l1;f-UU,*J:Ir. 0) ~. 1..

'/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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