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ABSTRACT There exists obvious deficiency in traditional twining induced plasticity (TWIP) steel
which exhibits excessive ductility but rather low strength. In order to improve the property, new
composition of a test steel, i.e., Fe–18Mn–0.528Si–0.6C (mass fraction, %) steel is designed through
increasing C content and decreasing Mn content upon the estimation result of stack fault energy and
phase diagram calculation. That the γ →ε transformation may happen during deformation at room
temperature in the designed steel is predicted through calculation. The microstructure, before and after
tensile test, of the hot rolling test steel is analyzed with OM, XRD and TEM. It is shown that there
occurs simultaneously TWIP and transformation induced plasticity (TRIP) effect in the steel treated by
a special hot rolling process (rolling starting temperature 1100�, finishing rolling temperature 850�
and air cooling) and superior mechanical property with strength higher than 1 GPa and elongation rate
higher than 60% are then obtained which fit very well with the requirement of the third generation
automobile steel. It is also revealed the existence of ε martensite obtained through quenching or
induced by stress would damage the mechanical property.
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$%%, %&%&'&'#'%'#($$&, )'
%((&('()% (**%')+) ,)&*-+&.
'+()$/0,*. +*')+$)$+,-+1.2
,,/2. &0-*%.2$&/$&, 1.2*-3&
102-0.+42%2-502-.312-/0+4
2% (twining induced plasticity, TWIP)2/. Grassel
/ [1] ,210.+42% (transformation induced
plasticity, TRIP) 244*, 0 Mn 6)17 25%(-
)35) 4826 TWIP *3, 32425& TWIP
2. TWIP 23.1.9 (>600 MPa)-12% (60%—
80%) &1$-.4+4, 756/0)$&631, /
01$:;78' (SFE) 2& 40 mJ/m2 [2]. Remy &
Pineau[3] 4*, 0 SFE '4, ,<21%-.+4 γ →ε

$.310., =7./0$6)3% SFE 59. From-
meyer / [4] 4:, SFE ;& 25 mJ/m2 >7)/0, =
8& 16 mJ/m2 426 ε .31. Sato / [5] 8&,
Fe–(20—30)Mn–(0—7)Al(-)35, %, 9/) ?61,
'$ SFE (≤20 mJ/m2) .7& γ →ε .310.$

46, =1$ SFE (>20 mJ/m2) .7&7./0$6
). Allain / [6] $@98A<9, 0 12 mJ/m2 <SFE<

35 mJ/m2 4/0:*, =0 SFE 8& 18 mJ/m2 42

6-.+4$.310.. Dumay / [7] 4:, 0 SFE
8& 18 mJ/m2 4, /0:&:;3= ε .31;<,

,. Lee & Choi[8] 8&, %6 (16%—24%)Mn $ Fe–
Mn ?6, :B.310.=C;& –68— –120 J/mol.
%6 (15%—23%)Mn $ Fe–Mn ?6, SFE & 27—
23 mJ/m2, ,4D<=->:B.31. Kim / [9] 5
8:0 SFE , 10—20 mJ/m2 6E4, -26-.+4
α′ F ε .310.. Li / [10] /44:, -.+4 ε .

310.$ SFE -, 12—18 mJ/m2 6E, 778 Kim
/ [9] $8A>?<G.

?($ TWIP 2-.&*%>4, ?@5>2%.
9=.9&:, ?H.@@17.9+=:A.$&, =
>&AB,*%.2$24,*6) [11]. BA,CD.
;$IC>, D.78'J9&0B@9$BK, ?7)
3E@8.C?<, A Fe–18Mn–Si–C D2,@F.7
7E126 γ →ε $0., ,#=12%$C@9@1<
2$.9, +*AB,*%.2$%'$&, 3% ε .3

1$7)LAM7%%'$EF>BGH.

1 ?��TWIP@A B
ε .31$7)&C8 SFE DI0N, =8 γ & ε

$E0 Gibbs C%'F0N, G4, BAJH>:0N$
@9IF, 3J>K@98AÆG+* ε .310.$-

'%.
1.1 TWIP D! γ "E ε " Gibbs #$%FG&'

SFE HI(
1.1.1 )*+,-./ ?6D$78'L;K

GLJH% Olson & Cohen[12] @:, -<M&

γSF = 2ρAΔGγ→ε + 2σγ→ε (1)

N1, γSF &78'; ρA = 4√
3

1
a2N & fcc 6OKLH

:OD9, a &?6$HM@5, N & Avogadro @5,
N=6.02×1023; σγ→ε &0+H8?', Allain / [6] I

M77& 5—15 mJ/m2, B.;P 10 mJ/m2; ΔGγ→ε

& γ →ε N.$C%'F, IO Dumay / [7] $8A, -
+<M&

ΔGγ→ε = ΔGγ→ε
FeMnX + ΔGγ→ε

FeMnX/C + ΔGγ→ε
mg (2)

71PJA)N&)$+KQQ? Fe, Mn, Si /%
0.C%'$EF, X <MK Fe, Mn 6O$,,Q
Q, *

ΔGγ→ε
FeMnX =

∑
i

ΔGγ→ε
i + xFexMn[C + D(xFe−

xMn)] + xFexSi[E + F (xFe − xSi)] (3)

N1, ΔGγ→ε
i &L/Q i $ γ → ε 0.C%'F,

ΔGγ→ε
Fe (J/mol)=–2243.38+4.309T (71 T &P9),

ΔGγ→ε
Mn (J/mol)=–1000.00+1.123T , ΔGγ→ε

Si (J/mol)=
–560–8T ; >EN3M<M Fe 8 Mn, Fe 8 Si $JP
;.; xi &/Q i $KQ35; I5 C, D, E & F %0
-RQS?T>, C=1246 J/mol, D=–717 J/mol, E=
2850 J/mol, F=3520 J/mol.

N (2) 1$ ΔGγ→ε
FeMnX/C -T.,,QQ X 8 C

6E$JP;.%0.C%'$EF, *

ΔGγ→ε
FeMnX/C =

b

xC
(1 − exp(−cxC)) + dxMn (4)

N1, b, c & d &@5, b=1246 J/mol, c=24.29 J/mol,
d=17175 J/mol; xC & xMn 3M& C & Mn $KQ
35.

N (2) 1$ ΔGγ→ε
mg - γ 08 ε 0KQN%C%'

$FR. ,C4N')$@9BK,() [13−15], 4O&
RSK.

1.1.2 ΔGγ→ε 0123456 T0 3,- KB

Dumay / [7] R:$BKO, S-D.0B@9BKO
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A, *R: ΔGγ→ε $<QN, &:E0C%'0/4$
P9* T0 >, RRS+U>S$.310.=C;, =-
>S ε .317)$P9.

TQD1VV ϕ 0$ Gibbs C%' Gϕ -%9N
<M:

Gϕ =
∑

i

xi
0Gϕ

i + RT
∑

i

xiln xi+

∑
i

∑
j,i

xixjΩ ij + Gϕ
mg (5)

N1PJA)N&*T Gibbs C%', AUN&AWV
?U, ABN&T9C%', AWN&N%$WX. R &

KQX1@5, 0Gϕ
i &L/Q i , ϕ 8X4$ Gibbs C

%', xj &/Q j $KQ35, Ωij &/Q i & j 6E$
JP;.I5, Gϕ

mg &N%'. Li & Hsu[16] J>NOA

B Fe–30Mn–6Si ?6$ ε .310.>:

⎧⎪⎪⎨
⎪⎪⎩

0Ghcp
Fe −0Gfcc

Fe = −2243.38 + 4.309T

0Ghcp
Mn −0Gfcc

Mn = −1000.00 + 1.123T

0Ghcp
Si −0Gfcc

Si = −1800.00 + 1.0T

(6)

N1, 0Ghcp
Fe &L Fe & hcp 8X4$C%', 79M

/. %&YYBQJP;.I5, T9C%'T3NZO
Chou[17] @[$BKUUQDOÆ>S [16], N%'OA

ZY.AX [15] T@[I5. %4@9B&/P99$
ΔGγ→ε &0-$ T0, P8+U%O, >?\G.

J>KTQ[BKV<EZ@9, [H--P&/
%VL;K5O3W<>P\. =-+-.]'+L;

K@9/R&J\5OS9>&/P99$ ΔGγ→ε M

T0, ,4P9HRS Lee & Choi[8] TIM$0.=C;
(–68— –120 J/mol), *-J9> ε .3126$P9.
1.2 WX7I

HD. Dumay / [7] $BKVE@9B&/)3

TWIP 2$78'. %& Fe–18Mn–ySi–C(y=0, 0.3, 2,
5) ?6$@98A?B 1 TM. 0 Si 6)& 0.3% 4,
^+63178'Q 12—18 mJ/m2 4&+], 3 C 6

)& 0.44%—0.6%, .^+4 ε .310.. 6 Mn )
& 15%, 18% & 22% $ TWIP 2, &A78', 12—
18 mJ/m2 _ET, T_$ Si & C 6)>&< 1 1.

7.0B@9K@9$ Fe–18Mn–0.528Si–0.35C
2,&/P99$ ΔGγ→ε ?B 2 TM. -U, 0C%
'0/4, <2$ T0 & 57 X, ?ZO Lee & Choi[8] ,
<ORS –68 J/mol ;&.310.=C;, 3.31
0.`aH MS & 20 X, <9?OA>0-,bP9]
> ε .31. D. Thermo–calc ]'+/RM7J\5
OS TCFE6 @9B Fe–18Mn–0.528Si–zC TWIP 2$
0B, ?B 3 TM. -U, ^ C 6)& 0.35% F^1, U

8 1 Fe–18Mn–ySi–C _�	
�����
Fig.1 Estimated stacking fault energy (SFE) in Fe–18Mn–ySi–C alloys with y=0 (a), y=0.3 (b), y=2 (c)

and y=5 (d)
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Y 1 Y`Z[VcÆa\]`
Table 1 Chemical compositions with different SFE

(mass fraction, %)

Fe–Mn Si C C

alloy (SFE=12 mJ/m2) (SFE=18 mJ/m2)

Fe–22Mn 0 0.282 0.44

Fe–22Mn 0.3 0.28 0.43

Fe–22Mn 2 0.24 0.38

Fe–22Mn 5 0.23 0.37

Fe–18Mn 0 0.45 0.63

Fe–18Mn 0.3 0.44 0.6

Fe–18Mn 2 0.365 0.52

Fe–18Mn 5 0.32 0.47

Fe–15Mn 0 0.55 0.73

Fe–15Mn 0.3 0.53 0.7

Fe–15Mn 2 0.44 0.6

Fe–15Mn 5 0.37 0.52

8 2 Fe–18Mn–0.528Si–0.35C ��W
!��^ ΔGγ→ε

Fig.2 Gibbs free energy difference of two phases ΔGγ→ε

in Fe–18Mn–0.528Si–0.35C steel

8 3 Fe–18Mn–0.528Si–C �
�
Fig.3 Phase diagram of Fe–18Mn–0.528Si–C steel

fcc _0_XZ'P, ?&b:d+c, -> fcc & hcp /
0. ef[-ga0B, `=<9, ?7a\.C,<1
D.-'>S ε .31 (hcp 8X).

]>TK, D. Dumay / [7] $BK9>: %& Fe–
18Mn–0.3Si–C ?6, C 6)& 0.44%—0.6% 4, 63
1 SFE & 12—18 mJ/m2, .^26 ε .310.. Fe–
18Mn–0.528Si–0.6C $ SFE & 18.3 mJ/m2, Y1&
18 mJ/m2, =-'26 ε .310.. . 2 ^0B@9
BKJ9>-_, 0)3& Fe–18Mn–0.528Si–0.35C F

C 6)^14, -, TWIP 2126 ε .31.

2 9:
2.1 ;<`a

D. 35 kg bZh[\h[ Fe–18Mn–0.528Si–
0.6C &+U2, G<2&6d1]2, .91, OA&0
826b%, ,,C62Xc*%c$^dQ>628.
_`, bE@&Lc TWIP 2c. +U2ddP 1200 X
SL>ce) 25 mm d$i, RP 1100 X#P 30 min
>aeLc, PTefc<Z 1.5 mm d$2c, >f.
C?< 2 TM.

, CMT5305 gLg'jUL>%P>K&/
OA$jhaebP@F%'Gj. D. 9%(1O3
5) ikbclj%@FC>$jhaeem, =>,
EPIPHOT300 de6056f (OM) 9fh756/
0. D. 5% 1gkbclj%@F.7C>$jha

egÆng, oK-.7>, , D/MAX–RC X pQk

pl (XRD) >ae03b. 2@FC>$jhI)f
F& 3 mm $8g<, hZ 50 μm, . 5% 1gkbc

ljaegÆ1q>D. JEM–2010F 13impgf

(HRTEM) ae/03b.
2.2 ;<D=hiH>?@A

Mn18 jh@FC>$56/0?B 4 TM. .7
C$ TWIP 2/0&_0631, IB>&Nj;8$
/k0, hj\i0iFn&0+JjO$geolr&
/0 (B 4a); .7>0iY@FBpmk@k, /40i
$.7E9Sl, /0YqnS, T3/0N.&7./
0, (7./05,;&nS (B 4b). 7./0$ TEM
3b?B 5 TM.

Y 2 oprjqpklmls
Table 2 Finishing rolling temperature and treatment after

hot rolling processing

specimen Finishing rolling Treatment after hot

temperature, m rolling processing

Mn18 850 Soaking at 1050 m for 30 min and

quenched in oil

Mn18 1 850 Water quenching

Mn18 2 750 Water quenching

Mn18 3 850 Air cooling
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B 6 - Mn18 jh$ XRD s. -+nS. ε .3

1kpm$n,, U==9 Fe–18Mn–0.528Si–0.6C2,
bP9/018n, ε .31$8ort.

8 4 Mn18 �t����uv��
Fig.4 Microstructures of Mn18 steel before (a) and after

(b) tensile test

8 5 Mn18 �t��o������nÆwup�qr
Fig.5 TEM image (a) and electron diffraction pattern

(b) of deforming twins in Mn18 steel after defor-

mation

2.3 BC;<DH@AED%
B 7 -+&/scP98XvBNLc>+U2$

XRD s. -+n:, Mn18 1 2$56/0%631& ε

.31E0/), = Mn18 2 & Mn18 3 23x)&63
1/0.

B 8 -&/Lc.C]>$+U2$-; – -.R

8 6 Mn18 �t� XRD w
Fig.6 XRD spectrum of Mn18 steel

8 7 ���� XRD w
Fig.7 XRD spectra of hot rolling steel

8 8 �������� – ��xy
Fig.8 Stress–strain curves of hot rolling steels
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Q. -U, Mn18 3 2$;K%'Jo, 7p@.917
1 GPa, zF4;& 60%. &BBÆ56/0%;K%'
$EF, %jhpqntaeB XRD 3b, 78A?B
9 TM. -+n:, Lc+U2@F>$56/01q:
*B ε .31$kpm, 71, Mn18 3 2$ ε .31k

pmJ&95, 8?B 10 $ TEM 3b-+y9, <2@
F.7>$/01$tn, ε .31. Mn18 1 2,@F
.7C/01rn, ε .31, )s8&, [^tr ε .

318e);K%'$s+, G4<2%'&o; Mn18 2
2st,@FC$56/01t.:*95$ ε .31,
`-z7u$Xv{98A6311:*;)$Yq, ,
@F.77E1[{Yq-;&7unt, uu/01u
{6);)$ ε .31, [^vvkaNw$-;+40
.$BN [18] 8e).9&2%$|;; = Mn18 3 2%
&D.BZX$c>XvBN, G4, @FC$631/

8 9 �������wv|v� XRD w

Fig.9 XRD spectra of hot rolling steel after deformation

8 10 Mn18 3 ������ ε ���
Fig.10 TEM image of ε martensite in Mn18 3 steel after

deformation

00%Nj-}9, ,@F.77E1, KB;).7/
0$26+4B12%6O, 631p ε .31$vk

aNw-.+40. [18] ,@1.9$/4=.w&2
%$@1, Js+*B.2O1Q 60 GPa·% $[w

%'.

]>-+n:, P778'J9+M0B@9BK
]>$)3& Fe–18Mn–0.528Si–0.6C $+U2, P

7 1100 Xxc, 850 Xsc>ZX, <)c<d9&
1.5 mm $Lc2c-++*.2O& 60 GPa·% $[

w%'; <)3$21*12%$KG,&,@F7E1
26$;)$.7/0+4$2%, [-1] TWIP 2

$xL}x, `ZOBA$E@~W, *?7n C ( Mn
$)3[~, A Fe–18Mn–0.528Si–0.6C 2, TWIP @
-46;.$/4RS-.+u.310.T26$0
.+42%;., 8A<2KB3y12%6Oxy31
$.9, yzB?(1] TWIP 22%.9=.9&:
$Yz, QSBAB,*%.2$$&.

3 yE

(1) 7.78'J9&0B@9BK, 8?+UE
@,+Ub<yB1.912%*%.Lc2c Fe–
18Mn–0.528Si–0.6C, 7p@.9Q 1 GPa, zF4,
60% +>, QSBAB,*%.2$$&.

(2) Fe–18Mn–0.528Si–0.6C 2,@F.74, KB
267./0O, x?7-.+4B ε .31, ,/0+
42%@-$IC>RSB0.+42%@-, -ALc
1]2]>{1$.2%.

|�}�z, {z, {~|�|�{.
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[4] Frommeyer G, Brüx U, Neumann P. ISIJ Int, 2003; 43:

438

[5] Sato K, Ichinose M, Hirotsu Y, Inoue Y. ISIJ Int, 1989;

29: 868

[6] Allain S, Chateau J P, Bouaziz O, Migot S, Guelton N.

Mater Sci Eng, 2004; A387–389: 158

[7] Dumay A, Chateau J P, Allain S, Migot S, Bouaziz O.

Mater Sci Eng, 2008; A483–484: 184

[8] Lee Y K, Choi C S. Metall Mater Trans, 2000; 31A: 355

[9] Kim J Y, Lee S J, De Cooman B C. 1st Int Conf on High

Manganese Steels, Seoul, Korea, CD–ROM, 2011: A19

[10] Li L, Gao Y, Shi W, Liu R D, He Y L, Fu R Y, Zhang

M. 1st Int Conf on High Manganese Steels, Seoul, Korea,



"128 L"U"T"P � 48 �

CD–ROM, 2011: A40

[11] Edmonds D V, Speer J G. Mater Sci Technol, 2010; 26:

386

[12] Olson G B, Cohen M. Metall Trans, 1976; 7A: 1897

[13] Inden G. Z Metallk, 1977; 68: 529

[14] Hillert M, Jarl M. Calphad, 1978; 2: 227

[15] Dinsdale A T. Calphad, 1991; 15: 317

[16] Li L, Hsu T Y. Calphad, 1997; 21: 443

[17] Chou K C. Calphad, 1995; 19: 315

[18] Li L. Transformation Induced Plasticity Steel—Principles,

Properties, Design and Application. Beijing: Science

Press, 2009: 3

(} ~. 
���� — �~|��|	
	�	. }�: ��~
��, 2009: 3)



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


