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ABSTRACT The microstructure and mechanical properties of Fe–18Mn low carbon high
manganese TRIP/TWIP steels during tensile tests in the range of initial strain rate of 1.67×10−4—
103 s−1 at room temperature were studied. The inverse effect of strain rate on strength of steel was
produced, the strength and ductility of steels decreased with increasing strain rate in the range of
quasi–static tensile strain rate of 1.67×10−4—1.67×10−1 s−1. While inverse effect of strain rate on
ductility of steels was produced in the range of dynamic tensile strain rate of 101—103 s−1, the strength
and ductility of materials increased significantly with increasing strain rate. The tensile strength of high
manganese TRIP/TWIP steels was 957 MPa and their elongation was 55.8%. These results indicated
that Fe–18Mn steel had excellent mechanical properties and good fracture resistance. The higher the
strain rates applied, the less martensite, the more directions of deformation twins. The microstructure
evolution of the specimen was analyzed by SEM, TEM and XRD, martensitic transformation and
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deformation twins were produced during the tensile deformation, and adiabatic temperature rise effect
made the matrix softening during the high–speed deformation.
KEY WORDS TRIP/TWIP steel, strain rate, microstructure evolution, martensitic

transformation, deformation twin

� C � Mn TRIP/TWIP  ��������

!� , ������"#�� ,  � TRIP (trans-
formation–induced plasticity) � $�!!�� �
�", TWIP (twinning–induced plasticity) � �!
�� ��� [1], ! " �!���"��#�"#,
$� $%!%#!��"$��%�. &&%'#&$
�,�"�#% &$�& ! & 10−1—101 s−1 '&,
'�''"((����!#�& ! & 103 s−1 6
( [2]. (!)��)7"$��(), � &! #�
Mn TRIP/TWIP  ��#�**�)$()�%&.
*� %+'), +%,)� Mn TRIP/TWIP  �*
*Æ+%!,+,(!%-!8,�)9+)�#�-*,
')� &! #�+.�#**�- [3], '&-),
.#9+),.,##�& -'�/.�./, ./&
0-& �.��!1�0�#�/�203� �, )
-)& -'**�1:&�4$",-*00-1)
7�#���.  &! )� C � Mn TRIP/TWIP
 2/-'#��/1�-*, 03.2 3&���!
#��'##!�"$� [4]. 4$** &! )� C
� Mn TRIP/TWIP  8,1&#2/�#�-*$�
�&%23# �44.

506 Grassel � [5] # Curtze� [6] **015 

&! ) TWIP  2/�#�-*, *567& &$
�8,1&) TWIP   &18�-*9-**. Sahu
� [7]!Hwang � [8] # Parka � [9] **0 Al 2:)
TWIP &� &! #8,1&�-*, '� &! 
) TWIP  2/-'�-*5�-13. )! &! ,
15/6) 475-71;+5. �'"$9-2#5
- [10]: 9+) &! 47<! 10−5—10−1 s−1 '&,
 &! .! 10−1 s−1 '-) &! 47. 68;6
()0&%'##��)7����!#�& ! , *
*0� C � Mn TRIP/TWIP  &9+)=� &!
 47 (1.67×10−4—1.67×10−1 s−1) #-)=� &
! 47 (101—103 s−1) �30=�&8&$�8,1
&#& -'318. ';6!� TRIP/TWIP 7'�
 !&/� C � Mn TRIP/TWIP  8,�#�>"3
98�9:?. '4&���7�"$�!%:5���
�2; 8�'#�98@:9.

1 <=>?
Fe–18Mn  � 50 kg <A�6; B9-7C,  

8/%- (=:-(, %) ': Mn 18.10, Si 3.15, Al 3.12,
C 0.03, S 0.009, P 0.008, Fe>:. D@:<#% 30 mm

=�<8, 9>,:? 1150 ;<0 2 h, :@%="'
3 mm �80, AE& 1100 ;<0 30 min >F@?=
"' 1 mm. A>DF@8,:? 1000 ;<0 10 min
?;=8>9>. !�:<@?:=8>� 8"%2;
1 4=�=�>B.  &! 47' 1.67×10−4—1.67×
10−1 s−1 �=�&8& MTS0-&81,9-,  &!
 47' 101—103 s−1 �=�&8& Zwick HTM 5020
�!=�0-&81,9-, =�A<C@"A<+5.

"&:<@D=�+>�>B"%&8-=4�>

B. "& SSX–550 ?@@G (SEM) 9- SEM -=. �
DH9) X A:EA (XRD) >BAB9-2>, 9>D
>BBF&G 50 mL � 30%H2O2 # 5 mL � HF �B
9C6;H�9-ABIC, C� D/Max–Ra X A:E
AID4?+8%. D=�+>�>B"%0J' 3 mm
�J ÆE, ="' 50 μm, � TenuPol–5 �@K@F
$ÆI9-$Æ, @KH� 9% (.D-() ��LAMN
;H, @;' 15—20 V, 0"' –20 ;, C� TECNAI
G2 20 BA@G (TEM) ED=�+>�CE8,.

B 1 ��GKEF
Fig.1 Dimension of tensile specimen (unit: mm)

2 <=CDEFG
2.1 HIJKLM

; 2 � Fe–18Mn  9+)#-)=��,$ 2
–  &H:. "$O(, & &! 47' 1.67× 10−4—
102 s−1 I, ,$ 2 –  &H:G&+5�&8JK,
Fe–18Mn  &FD� &47L� MG, 9>9N�
�& PH; &��& PH,  2E &�L.'L,.
H &! ' 103 s−1 I, &��& IOPH, E &
�L,,  2,P �44>�.I"�#Q, 9>A,
P; &E>���& PH,  2E &�L.�3R 
�QJ, QJ�I"1�/., 5RM�PHJF0�K
PH,0?>BKS.A 1� Fe–18Mn &15 &! 
=�I�2/�#. LA�"$O(, $F�! 1.67×
10−4 s−1 #F�! 103 s−1 9-=�& I, Fe–18Mn
 LA/(TM�2/�#, 1U����1=�",
�� 7��.  �, Fe–18Mn  & &! ' 1.67×



� 5 � GNSM : ONHVNO C O Mn TRIP/TWIP PNPQNQW�IJPRK 595�

10−4 s−1 I, 1=�"� 915 MPa, �� ' 55%,
��D� 50325 MPa·%. & &! ' 103 s−1

I, 1=�"' 957 MPa, �� ' 56%, ��D� 
53595 MPa·%. "X, -),.#9+),.,#
#�& -'�/.�./, &9+)=� &! '
1.67×10−4—1.67×10−1 s−1 I, Fe–18Mn  �1=�
"#�� LEÆ &! �,Y'Q�; '&-)=�
 &! 47' 101—103 s−1 I, EÆ &! �,Y,
Fe–18Mn  �1=�"#�� LL,.

GA 1 R"$O(, &4**� &! 47L, 2
/�#& &! ' 1.67×10−1 s−1 I(/SQ. ; 3

B 2 Fe–18Mn ��RL�	Æ�M
T��	 – �	TN
Fig.2 Engineering strain–stress curves at strain rates in

the range of 1.67×10−4—1.67×10−1 s−1 (a) and the

range of 101—103 s−1 (b) for the Fe–18Mn steel

O 1 Fe–18Mn USSOTTPZQU[URU
Table 1 Ultimate tensile strength (σb), ultimate elongation

(δ) and product of strength and ductility of Fe–18Mn

steel at different strain rates

Strain rate, s−1 σb, MPa δ, % σb · δ, MPa·%
1.67×10−4 915 55 50325

1.67×10−3 895 55 49225

1.67×10−2 855 45 38475

1.67×10−1 835 45 37575

101 850 43 36550

102 890 45 40050

103 957 56 53592

� &! ' 1.67×10−4, 1.67×10−1 # 103 s−1 I�

< 2# &V8 E< &�&8H:. L; 3a "$
O(, 2 V &! #>B�< 2 – < &H:�&8
JK.W+5, &V�& ., < 2 – < &H:+%
6, EÆ &�L,, &WX+5< &#MG. &��
! =�I< 2�,  &V8/S$'VT. EÆ< 
&:�L,, 2 V &! #� &V8 (/VTWX,
 &! ' 1.67×10−4 s−1 I &V8 Y4VT�!

 &! ' 1.67×10−1 s−1 � &V8 . 2 � &! 
#� &V8 L(/U#Q, A,PA>Y#Q�&8
&$, Fe–18Mn  & &! 1.67×10−4 s−1 ZX &

! 1.67×10−1 s−1 #(/Y4� &:Z. 0.05 6
(. AV&��& PH� &V8 Y4(/[V, [
#WY0-/1,  �� 7[., 4$��! =�I
�$.��� , $M���.

L; 3b "$O(, & &! ' 103 s−1 I& �

Fe–18Mn �< 2# &V8 E< &�&8.2.
GZ;"$O(, Fe–18Mn  � &V8 �&8JK
C< 2C< &�&8JK�W, E< &�L,,  
&V8 #< 2,P �44>�.I"�#Q, 9
>,P, �3R �QJ, 5R Fe–18Mn  &< &'
0.15—0.2 # 0.3—0.35 �PH,  &V8 �Z4�(
/, MAV&�!& &$��W8/S. Z/S�(/
C Fe–18Mn &-)& ,##�\:0P$3X4�

B 3 Fe–18Mn ��RL�	Æ�M	

\�	��	]
	Æ�
\�	
		[Y

Fig.3 True stress and strain hardening rate against true

strain curves of Fe–18 Mn steel at strain rates of

1.67×10−4 and 1.67×10−1 s−1 (a), and 103 s−1 (b)



�596 ������� � 48 �

8,1&�..
2.2 PQRS

; 4 ' Fe–18Mn  &15 &! =�+>�
XRDX."$O(, Fe–18Mn & +>�8,G γ–fcc
+!ε–hcp +# α–bcc +8%,  � α–bcc +' α– Z
[.\ α′– ]Y.. X�& +>EAY]/, Fe–18Mn
 =�& > 111γ , 200γ , 220γ # 311γ � γ–fcc +�
EAYVT$Z; 110α, 200α # 211α � α–bcc +EA
YVTL�; ' 002ε � ε–hcp +EAY&8/D. AV,
&=�& &$�]'0 TRIP � . G; 4 R"$O
(, & &! ' 1.67×10−4 s−1 I γ–fcc +�EAY
�! 3 &! I�EAY, Z &! I Fe–18Mn
 � α′– ]Y.T&:�! 3 &! I�T&:.

C�03X�^4:*\0 Fe–18Mn  &15 
&! =�+>�_+�.D-(, 2A 2 4=. "$O
(, =�& >, [Y. (γ) �.D-(VT$-, α′– ]
Y.VTLÆ, ε– ]Y.^�$-*&81., AV=�
&$"#]'0 γ → α′, γ → ε, ε → α′ \ γ → ε → α′

�T&. GA 2 R"$O(,  &! ) α′– ]Y.T&
:-*�., EÆ &! �,Y, α′– ]Y.T&:U
.JK�Q��, -)=�I α′– ]Y.T&:-!9+
)=�I�T&:.

; 5 � Fe–18Mn  &15 &! =�& +>
� SEM ]. ; 5a �:=8>6& � Fe–18Mn  �
TC8,, ^`>�8,�\_[0�^``a(/.  
�, ]#\�+'[Y. (γ), _Q^V+'Z[. (αF).
�6 XRD -=, Fe–18Mn  & +�8,WZ�[Y
.:.!Z[.# ε– ]Y.8%; '& >�8,'[
Y.!Z[.!ε– ]Y.# α′– ]Y.; & +>Z[.
 ]^�]'VT&8.

L; 5a R"$O(, "& 1000 ;?;=8 30 min
9>>, Fe–18Mn  �.Æ([Y.:.LG&.:^
``a, -::.L^�^``a.  �.�-^``a

B 4 Fe–18Mn �����
 XRD _

Fig.4 XRD patterns of Fe–18Mn steel before and after ten-

sile deformation

QO!ab\_, ^)!ab�c�\_, 5R fcc a2
`aB'111aBX, `�V[Y.:.L�`aL��
4�a<, 3b'&�a<Æ' 60◦ \ 120◦, �Vab
L7�V`'2`. L=�& >�`a (; 5b—f) "
$]/, Fe–18Mn  8,��.:� &`a, AV=�
&$]'0 &_]`', a TWIP � . Fe–18Mn  
� &`a��-G^``a& 2�Y�##', R�
��-&a^``a�abL %. ; 5b ' &! '
1.67×10−4 s−1 I=�& >�TC8,. "$O(,  
 &`aÆ$_V`'2`G&, 7�-:ÆV`'2`
� &`aG&, 5R.�- &`a^)!ab�c�
\_.  &! ' 1.67×10−1 s−1(; 5c) # 101 s−1(;
5d)I=�& >�TC8,�(/�ÆdVA<�`'
2`,  &! ' 102 s−1(; 5e) # 103 s−1(; 5f) I=
�& >�TC8,�.ÆG&ÆVA<�`'2`+
b'@,  &`aR(/bH, 5R&�!=�&$�,  
&`a&Fc�I&L613`-, .�-^)!abL
�. Mc/SdV, EÆ &! �,Y, ÆV15A<
�`'2`c-, )ab9-09�`-@, e80ab.

; 6 � Fe–18Mn  1000 ;?;=8 30 min 9
>> (& +) � TEM ]. L; 6a # b "$O(,
Fe–18Mn  ?;=8>G&a_[0�^``a#.:
ab, d?^``a %)$e:#:,#: `a_�_
B#a.!�'f<.Æ"a_�_B#, 4$^``a
"c& fcc [Y.8,f %. Fe–18Mn  �ab#�
�, (/.:ab. .:ab�#''>F& I &_
d]Y.� eT&$3 &`a�#', �9�!�,
# [11,12]. "&EAef4, Fe–18Mn  ?;=8>�
ε– ]Y. (; 6c) # bcc Z[. (; 6d), 5RZ[.L
�-:fb-g. ε– ]Y.�(/�!! &_] α′–
]Y.�#', &ab#��� Mn  �]/ [13], ]Y
.U�& ε– ]Y.3d=X/�dE ε +'_=(/,
fgabeeE&bZafH[c#<&3Qdhe, a
"G ε– ]Y.T&' α′– ]Y.. a fcc [Y. (γ) E
& hcp �&+ (ε) '>T&' bcc ]Y. (α′).

; 7 T=0 Fe–18Mn   &! ' 1.67×10−1 #

103 s−1 I=�& >� TEM ]. L;"$O(, α′–
]Y.&[Y.a_, eK. (; 7a), 5I&abL

O 2 Fe–18Mn USOTTPZgghhighjki
Table 2 Volume fraction of the constituent phases measured

by XRD

(volume fraction, %)

Strain rate, s−1 ε αF α′ γ

0 8 44 0 48

1.67×10−4 3 44 40 13

1.67×10−1 3 44 23 30

101 4 44 22 30

102 3 44 16 37

103 5 44 21 30
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B 5 Fe–18Mn ��RL�	Æ���	��
 SEM j
Fig.5 SEM images of the Fe–18Mn steel before deformation (a) and after tensile deformation with strain rates of

1.67×10−4 s−1 (b), 1.67×10−1 s−1 (c), 101 s−1 (d), 102 s−1 (e) and 103 s−1 (f)

B 6 Fe–18Mn ���	�
 TEM j�
�
 SAED _

Fig.6 TEM images of the Fe–18Mn steel before tensile deformation

(a) annealing twins and stacking faults (b) large amounts of stacking faults

(c) image and corresponding SAEDP of ε–martensite (εM) (d) image and corresponding SAEDP of αF



�598 ������� � 48 �

B 7 Fe–18Mn ��RL�	Æ���	�
 TEM ��
Fig.7 TEM images of Fe–18Mn steel after tensile deformation with strain rates of 1.67×10−1 s−1 (a—e) and 103 s−1 (f, g)

(a) martensite presented at grain boundary (b) intragranular martensite

(c) ε–martensite (d) single twin system

(e) primary and secondary twin systems (f) dislocation and slip in twin system

(g) intersection of several sets of deformation twins

�7� α′– ]Y. % (; 7b), ]Y.&a_ e5R
K., a_�ik8)7�!!]Y.� e,  bf�
Mc�f�bZ#:+)��, "$e:+&4l�j-
2. ; 7c �lkeK,V8,' ε– ]Y., MAV, &
=�& &$�, g1)�[Y.T&']Y., ]'0
γ → α′, γ → ε, ε → α′ \ γ → ε → α′ �T&.  

&! ' 1.67×10−1 s−1 I,  &`a$_V`'2`
'W (; 7d), 5R&^``aL�7G& &`a (;
7e).  &! ' 103 s−1 I, [Y.abL(/`'.h
�bf#mc (; 7f) #ÆVA< &`a+b'@�/
S (; 7g). "X,  &! )`' ]#'�.-*. E
Æ &! �,Y, `'[ni, G_�`'2`<ÆV
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A<�`'2`T&, MC SEM ED��o+p.

3 FG[\
3.1 ]J^_`]Jab α′– cdefJghi

 &! )� C � Mn TRIP/TWIP  2/-'
�-*, &/.$",:h! &! ) &_] α′– ]
Y.T&�-*.  &_] α′– ]Y.T&C:2/j]
T&�A../&!,  &_] α′– ]Y.T&1*&�
�& �'% eQ, RlGm, 2Y'1nj-2i
j:2/j-21:��-. & 0"[35]Y.:2
/j]T&�A�0" Ms, 4l�1nj-2[D; [
35 &_]]Y.T&�A�0" Md, 4l�1nj
-2[., �! Md D1A�]Y.T&. &.l�)
Fe–18Mn  9-� &! �-)=�, Dk6C� 
&! �9+)& 15�:2/%&, 9+),##�
: &� ) &_] α′– ]Y.T&�-*/D,  �
�& &$"$Ok��V�0&$, '-),##"m
'��V\:\9\:&$, +X9+)=�, G!&-
)�!=�&$��.��#1�0�,  &##'�:
#&/c�I&1#$�in .l�, L'dW.�0
"P� [14]. \:0P ΔT "G#o*\ [15]:

ΔT =
ΔQ

ρCp
=

β

ρCp

∫ ε2

ε1

σdε (1)

o�, ΔQ '1n#<:#�T&:, ρ '0-p", Cp

'X:q, β '1n#T&:#�2(, σ '< 2, ε '

< &. )! &! ' 103 s−1 & �� Mn  , β

�'a 0.95, ρ=7.8 g/cm3, Cp=0.46 kJ/(kg·K), 1n
#"&&f� σ–ε H:D-l . "&o (1) "*\(
Fe–18Mn  & &! ' 103 s−1 I, ΔT=121 ;. &
 +>�2Z�.�0W, )Dq)8,1&#2/-'
#'-*.

Fe–18Mn  WZG[Y.#Z[.!%, [Y.a
b##14��.D) Fe–18Mn  8,1&#2/-
'#'%Z-*, '& 0"#8/%-�-*[Y.1
4�#ab#A%Z�f[ [16,17]. &ab#�� Fe–
18Mn  (30ab#' 15 mJ/m2) 8,�ab�Æ,
fb+)�- (; 6b). 5r�+.** [9] T=, 0"#
 &! ) α′– ]Y.T&�-*, jfMcf[dWa
b#]'&8, abkik'Q�bZsl$!!< α′–
]Y.arT&. � &! ,##, IOPH,.m2
,P!"m, ]Y.T&!"�D, T&:�-, *�EÆ
 &�L,, 1nj-2L�, ]Y.+&�j-2L,,
'R^�:� , ]Y.T&!"L,, T&:LÆ. '&
� &! ,##, H &:� �44'>, � &!
 ,#\:0P�., [Y.ab#7P�, & 0"�
 \35Md T&, α′–]Y.+&:2/j-2$D, 4
l�1nj-2&& �-)L,, *�1 +&j-2,

α′– ]Y.T&!"$m, T&:$-. 4$ Fe–18Mn  
&-)=�#� α′– ]Y.T&:nD!&9+)=�
#�T&: (A 2), 5R&9+)=�,##, EÆ &
! �Q�, ]Y.T&:L,. ** [18,19] jV, [Y.
  &V8 ,Pkj! ��]Y.T&, 'R]Y.
T&! [Y, T&:[Æ,  &V8 ,P7[Y. 4
$ &! 1.67×10−4 s−1 #� &V8 ,PX &

! 1.67×10−1 s−1 Y (; 3a),  &V8�oVT.

3.2 ]J^_`lmnJKghi
 &! ) Fe–18Mn  `a ]#-g��%

Z-*, a!$/D� &! 1.67×10−4 # 1.67×
10−1 s−1 9-=�, Fe–18Mn  >B&& &$�7
q#'.:� &`a (; 5b # 5c), 5R &`a.
Æ^)!ab�c�\_. EÆ &! �,Y,  &`
a&l$,eDWp, 5R`a-gJ!nl, G!& 
I&c,  &`aÆ^)!abL�.  &! R"$�
/-* Fe–18Mn  �`'to, H &! ��I, 5
�abL`aA<Æ'5�A<, m�-: &`a+'.
EÆ &! �,Y, >F %� &`aCU %� 
&`a+b'b, 5�abL�d8\Æ8 &`a+'
%�4Æ", (/ÆV &`a+b'@�/S (; 7f #
g), 5R`8`ab+[-.  &! )`'& #'%
Z-*, WZ�G!H��& � �44I, G!��
� 2s�,  &`an7mEÆ�4(:�fb, &�
� &! #, fb613c-,  &`an7� 2D
L., L'n90`'& �]' [20].

3.3 ]J^_` Fe–18Mn oJKLMghi
 &! 47' 1.67×10−4—103 s−1 I) Fe–

18Mn  2/-'�-*-'dV�-. o��-� &
! ' 1.67×10−4—1.67×10−1 s−1 �9+)=�I, E
Æ &! ��YP�dW��/1#�� Q�. `a
#'�uo4 εc C &! �., &! [D, εc [D.
5R &! �DI0- &I&�K,  &_] α′–
]Y.# &`a�:t�I&'K, dW0-���L
, [21]. Fe–18Mn  &FD� &! 1.67×10−4 s−1

I α′–]Y.�T&:� 40%, �! 3 &! �T&
:. Fe–18Mn  && Ir, Z[.oU& , .:fb
&Z[.abLfD, #'�p� &V8, Dp� &
#�90[Y. &_]+&�2/j-2. H &Dp
 T&,#I, [Y.E& vNpqT&']Y., �
ABG!d6�.D15, >6�.D�., #'0wo,
qp0mcBmc, 9'pQfbp"�urL,, dW
0�� &V8#2; c�AB, ]Y.6"V"��, )
fb�`-q�qpY�, !l � &V8#2qJ&
��9[.

ov�-� &! ' 101—103 s−1 -)=�I,
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 &! )� Mn TRIP/TWIP  ��� #'x�
 , WZA/'EÆ &! �P�0-1=�"#��
 ��. -)=�I, Fe–18Mn nl& PH� α′–]
Y.T&:-!9+)=�I�T&:, *1=�"yL
,. GZO(-* 2�f[1m�]Y.�T&:, `
'& 7�-* Fe–18Mn  �81"#�8�o�%Z
f[. &`''WZ& to�& �, `' 2EÆ 
&! ���'Q� [22], 5R&mc<`'T8�&$
�,  &V8$"����G!mcB,`a�-*, '
1�`'4l 2�-* [23]. -)�!=�I, [Y.a
LG&�.:ÆVA<�`'2`+b'@, �AB"$
w&a.z�-�f<, !lb61!!mc�f<&l
�!!mc [12]; [Y.abqÆVA<�`a9�`e
8, L'! &$nl, L,��; c�AB, ÆVA<#
'� &`a?bOab-%$D�.h, L'L,00
-9�`& �q2, #% &V8 �9�`��. c
m, EÆ &�9-,  &`aDsr:.<@%/ÆD
t, fbG!qsr'`-u{; cm, `a_�G&7q
p0fb�`-, !l Fe–18Mn  ]'��& Ilv
G$.�q2, G!G&Md�q2, fZ Fe–18Mn  
��"qJFL,.

&-)=�& ,##, Fe–18Mn  � &V8 
#< 2E< &�&8Lr/3R �QJ, M� &
V8#:.W8+bY���o. -)=�& &$�
� &V8WZC$# 3 VAB�.: (1) �!-)& 
r"0fb�'mc#Æ2mc, !l0-urV8; (2)
�.:�[Y.+&']Y., ]Y.�V8� l$T
/; (3) E 2�1KP�, [Y.:.q.:ÆVA<+
b'@� &`a-@, abl e8, 5I.:� &
`a_��sqp0fbmc. '-)& &$��:.
W8WZ�f'\:0P� !l0-W8, fbs!m
c [14,24], 5I\:0P!lab#P�, r"0& &
$�[Y.<]Y.�+& [16,17,25].

4 C\
(1) Fe–18Mn  &9+)=�,##, EÆ &!

 �,Y, Fe–18Mn  �1=�"#�� LQ�. '&
-)=�,##, Fe–18Mn  �1=�"#�� LE
 &! �P�'L.. Fe–18Mn  &-)#9+)=
�>L(/ &`a, C9+)=�+X�, -)=�>
G&.:ÆVA<�`'2`+b'@.

(2)-)=�Inl& PH� α′–]Y.T&:-
!9+)=�I�T&:, *1=�"yL,, `'& 
7�-* Fe–18Mn  �81"#�8�o�%Zf[.

(3) &-)=�,##, Fe–18Mn  � &V8 
#< 2E< &�&8Lr/3R �QJ, M� &
V8#:.W8+bY���o.
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