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Fe-Si-Al
Composition Fe-10at%Si-0.5at%Al
Partition coefficient 0.74
Dimension 7mm x 7mm x 100pum
X-ray energy 16 keV — 25 keV
Detector X-ray direct-sensing pickup tube SATICON [16]
Pixel size 4um x 4um
Cell AL Os (150pum) / Fe-Si-Al / ALOs (150pum)
Atmosphere Vacuum (10™" torr)

3. BIE#R
3.1 Fe-Si-Al &4 D% DH#E1%

Fe-10at%Si-0.5at%Al &4:i%. Fe & Si. Al ® X #RIURE N K& S B H7-0, Si
B DWW AR X0 BB O XA K& < B9 5, EFE & AR CTiE Siy Al D45
BL2NE D 720, ERAE T2y b7 A MBRRE L, AT O Si, Al BEZSFHAIT
X DHAREMED B D B4R T 5, BlIELS M % Table 1 |27~k 9, #1£21%, SPring-8 ¢ BL-20B2
E— LT A T 1o, XBROBIIZIZ Y F 2 0 LIFIEN 5 B AR H s 2 VT
B, BIEEE 2NN LY A X, EnF N dmmxdmm, 4 pmxd ym TH D,



B R 2 RAEIL 5-10um ThH D, LT=N-> T, T o RIA MRET % EEE 0%
2 L7252 72> T D, Fio. B RREIT 0.5-1fps TH D,

Figure 3 (%, Fe-10at%Si-0.5at%Al &4 D EEEIREDBIEFTh 5, BILEHHRO N
To-Fe AR L (Figd(a), 7 R4 MBI N DT AHBRICBIZ S,
IOICRENHEITT A ET  RTA FMRIERSOND . T RT7A4 M7 — 2O KAL,
FEERL R DI b BIZE T & 7= (Fig.3(b)-(d)), Figure 3(d)D EHE0D VNS 43 1 e [ AR 112
BEE A IZ & 0 BREREALVE OWRFA M OFEIRICIREN T2 Z LI XV AT TnD, BE
100 u m OFREFTHIREAESITELTND Z ENShoT- AW THIE LM -
REHE XY Fe RAEGTHRBEMENBIE TE L Z AR LN o7,

(c) (d)

Figure 3 Fe-10at%Si-0.5at%Al &< D EEERFE D X A A —  WEIEE : 25K/min
(a) 20s, (b) 30s, (c) 40s and (d) 300s.

Figure 3 |2/ L7z & 9 ZpfEEEFE Ol X #Ris L IR TR E 1D,

I/I,=exp (‘“ceutceu )exp[—us x,y)tS (X,y)] . (N
L I AS X BERETH Y | p bWV tIXFENEIVRBIUR EESTH D, IRZFD
s, cell iZ=nziilEl, v (ALO;) Th D,
TRAT DFEAT O 72 3D DFRHT 1 2 S~ 5 FE[E BA AATT OWFRIRRE Dl X ARIREE I,
I /1, =exp (_”ceutceu )exp[—uLts (X,y)] . 2)
Ehb, R(DHERXQ)LY,



I /1 = exp[[us (x,y)— uL]tS (x,y ] (3)
NELND, ZOEEIC L 0 REE LV OWRINO B EZERE L, /s TR & EE ORI
IR D7 ERRVE S ORIRTET D, 2O K9 REGIR AT 74 X —T % Fig4
(R,

Eﬁaunl 30s 90s 180s
Figure 4. QN2 X 0 b S iz X A2 RHIEHEAS Point A, A5 JFE10 JEii A3 Point
B ThV ., REL(LEMNT LI ALE 2T

04 I I

0.2 Point A ]

0.0

o

] .

C":I -0.2 Point B

=
04 — —
-0.6 — —
08 | | | |

0 50 100 150 200

Time /s

Figure 5. FQ)NZ LV B b S7c X BB RENIREZ(L 2 M Lo LE 2R3

TV RTA T =AM, BRARH TEGBENZL L T DRI BIE ST, Fe-Si
B OB OBBREITIRA TR SN D,

oels) e (8] ol ABL ) )

T, wsilE Si OBESETH Y, WESMIN ALZIER L TN D (Al OFIRIEREL
S LIZERLTH Y, ERED Al Z I L THREXAFELE LRV, —F, H
[E AT DR D A DRRIFRENT, STHRED ) —TH Y |

() () () |,
=p. 3| =] *+ =] -] = s 5
b, pL{LpJFe (o). L) ™ 5)
LB, TIT, SHBEIC KB EE OB TX 5 L UET 5 & BEEBE
SR & SR O BIRIURIK D 21,



() () 0
(us ) “L)z & |:L%J si B L%J Fj(WSi ~Wsi ) ©)

LD, EEEE CTREVESAEL L T35 L, RO XY il &7z Figd
DI I T HFEEE T, STIEEEICKHS LTWD, LTS - T, fERMT 5 o 25k % 7
ET DI EITEY | R Z BEETICHEN RPN OEIRTEL 2 LI R b, 2O LD
7RPENE, PEROUEEEFFRBIZ CITTE 20,

Fig.5 1%, Figd OREIOH Sy (2T > R4 b7 — A, KR OEEZLTH
%o 2TV RIA4 N7 —ALMTH D Point A DIRHTIZ, 20s fFUrH5FA4E L, Si &k
VRIS U CEEEE X BEE ) | 40s TEEE DS T L7z, BEEK T2 IR 2N & <
720, FUOEE KB TERVIRRBIZ R o7, DF D, 2T — LB ORI, HEHE
R THOBEANIEEIC X D IZIEEIRT D 2 ERNH LR o7, —J7, KRB ORI T
H5PointBIZIEHTHE, T K74 MREIET AR TH S 40s 0> 5 Si ORI B
LTWb, ZHE2TV RIA4 T —2aMTEIL L Si RT > RIA4 7 —A272
FTRET U RIA PRTHICHESN TS Z L ERLTWS, &HIZ, T K74 b
DEE L 7B BRI AEIRT 2 Z &2 @ik o7, 7 R4 b7 — AR~
TRITORE L Fm L o T, 5%, 20X 57T > RT A4 MNRERORITE % E
BAICEHL L7277 — & Z VWi, W7 L O, ERER L oicz@Li-t7
VD AVEFHl 72 ERRIREIZ 72 0 BHEMEO S WEANRET APEE TE 5 LIRS
s,

Figure 6 #lifk (FEMEEK) OBENEAE A FAE, 22 LA

3.2 MR [EE S iE OB LR

Fe-C &4 DI S 2 BT 5B 4. C O X BLIEREIT Fe ORI LT3
LS/PhEL, COWIUIIMIATE 5, 72, Fe & Mn OWIRE O ZEIT/ NSV, D7
B, Fe-C AA&ORFEBEEZITH I-DIIE, WEREICE D XHRIROZETIZ/ARL, [
FHEMBMOBEZIZEI VAT D X BRI OZEEZRTT 2 0LENH 5, Fe ORI =
1X4%THY, Fe-C BEDBETITIA%DBEEXELHERBEDEL L THRIHTE S
vy Ny TIRMEL D, — ., WEE S E 2RO B OBLEL S TREIZ i
L R AFE CREE N BIZR TX D Z LT D, £ 2T, FEk O B R O BLER & ik A
776



Figure 6 |3, #igk (EAFEL) OBEWEAEZ 19%keV O X R TBILE LR TH D,

Akt

JBE, Xfe X —0fiIC &V, Bl A28 5 2 LRS- T,

1.8 T T
Ler= Interface - ?:
e
1.4 ; e e
P
= - Ty —
g 12 A ﬁ%
5 . e
EOI0F Y e .
R ok A
08 [ el ~
Pt
06 —
=200 =100 0 (LY 200
Distance / fm

Figure 7 B FHED X #aEimg O EZ( (Figure 6 O HH#REHSY)

Figure 7 1%, Fig.6 ® HMEBOME AL TH 5, B A AT T 10%LL EOBEE O
EZND D, £l RO~ A T AATEEEERSHIN, 7 AN CHEE 258004 D8 25 7
DD, ZIUTFEATR AN X R THLTELIEITIa T AMTHY ., BTz
YEIARNBREOBEIZANTHD Z ENRHA LN/ T2,

Z DO RILE IR DB FEFEN 4 Y%L E HIVEANIZE TR LB R 2 W TRE D
BHNAIRETH V. Fe-C R EILILR B4R CREIEBENARETH L Z L 2R LT

W5,

4. ¥&®

AWFIETIE, B2 R LTz Fe RE@EEE O T DSBS OBR%E L 2 DISH %

Hfs L TsEZ21T - 72,

1) SREPTEIOBLK 2 PRFF L, 31 XA A — V2L SRR,

ek 2 BHIE T 5

ENTEIZ, A%, BHE S, BEE T M OB vTREIC 24X, SERZBIEEER(IC

JSHTELEEZALND,

2) B EWEMOWIL T R T A R HIHIR Z W Fe-Si-Al 4D % OB 41T
VW, Fe REEIZBWTHID TT v RT A MEZHRICBIZRTHZ N TE T,

3) Fe-Si-Al &40 X BB BB M5 Z L2k v, WARF O Si BEEZFHME T
52 EEHOMI LT, XM EOERME 2 E2UET IR, SiBED 2 RITER
RIENTREIC R D EEZBND, T2, TV RIA4 M7 —AaM., KA ORI E S
AL, 27T — LM OmHTIZEEE S T#% . BEAANIEBCHEIET 2572 520
2 U7z BRI ORHTIE. T2 KT A4 S OBELIRNCEMG S, §EE% L% D2
BRIz, 5%, IR T T VOBEICFETEHLE2bN5,

4) FMgkOEEAmOBIENHRE LI CRARTh L 2N L, 2Ok
RIZED ., 5%, KNSt O R ESIE NI S b,



Y

e
AWPgeiE. J FE 2 1AM OB eI (2007 4FE) (X W EfisSnizb DT
HY . EIEHNTZLET,

BEIR

[1] Mathiesen RH, Amberg L, Mo F, Weitkamp T, Snigirev A. Time resolved x-ray imaging
of dendritic growth in binary alloys. Phys. Rev. Lett. 1999;83:5062.

[2] Mathiesen RH, Arnberg L, Ramsoskar K, Weitkamp T, Rau C, Snigirev A. Time-resolved
X-ray imaging of aluminum alloy solidification processes. Metall. Mater. Trans. B
2002;33:613.

[3] Yasuda H, Ohnaka I, Kawasaki K, Sugiyama A, Ohmichi T, Iwane J, Umetani K. Direct
observation of stray crystal formation in unidirectional solidification of Sn-Bi alloy by
X-ray imaging. J. Cryst. Growth 2004;262:645.

[4] Mathiesen RH, Arnberg L. Stray crystal formation in Al-20wt.% Cu studied by
synchrotron X-ray video microscopy. Mater. Sci. Eng. A 2005;413:283.

[5] Mathiesen RH, Arnberg L. X-ray radiography observations of columnar dendritic growth
and constitutional undercooling in an Al-30wt%Cu alloy. Acta Mater. 2005;53:947.

[6] Ohnaka I, Yasuda H, Sugiyama A, Ohmichi T. Direct observation of casting and
solidification. Trans. Ind. Inst. Metals 2005;58:603.

[71 Schenk T, Thi HN, Gastaldi J, Reinhart G, Cristiglio V, Mangelinck-Noel N, Klein H,
Hartwig J, Grushko B, Billia B, Baruchel J. Application of synchrotron X-ray imaging to
the study of directional solidification of aluminium-based alloys. J. Cryst. Growth
2005;275:201.

[8] Li B, Brody HD, Black DR, Burdette HE, Rau C. A compact design of a temperature
gradient furnace for synchrotron microradiography. Measurement Science & Technology
2006;17:1883.

[9] H.Yasuda, [.Ohnaka, A.Sugiyama,T.Nagira, N.Tsukihara, K.Kawasaki, K.Umetani,
Time-resolved imaging of the microstructure evolution during dendritic solidification by
using synchrotronradiation, Modeling of Casting, Welding and Advanced Solidification
Processes — X1, (2006) 375-382

[10] Ruvalcaba D, Mathiesen RH, Eskin DG, Arnberg L, Katgerman L. In situ observations of
dendritic fragmentation due to local solute-enrichment during directional solidification of
an aluminum alloy. Acta Mater. 2007;55:4287.

[11] Yasuda H, Ohnaka I, Dhinda BK, Nagira T, Umetani K, Uesugi K, Tsuchiyama A, Nakano
T, Control of Monotectic Solidification by a High Static Magnetic Field, Trans. Ind. Inst.
Met., 60 (2007) 75-78

[12] Reinhart G, Buffet A, Nguyen-Thi H, Billia B, Jung H, Mangelinck-Noel N, Bergeon N,
Schenk T, Hartwig J, Baruchel J. In-Situ and real-time analysis of the formation of strains
and microstructure defects during solidification of Al-3.5 wt pct Ni alloys. Metall. Mater.
Trans. A 2008;39A:865.

[13] Yasuda H, Yamamoto Y, Nakatsuka N, Nagira T, Yoshiya M, Sugiyama A, Ohnaka I,
Umetani K, Uesugi K, In-situ observation of nucleation, fragmentation and microstructure
evolution in Sn-Bi and Al-Cu alloys, Int. J. Cast Met. Res. 2009; 21; 125.

[14] Yasuda H, Yamamoto Y, Nakatsuka N, Nagira T, Yoshiya M, Sugiyama A, Ohnaka I,
Umetani K, Uesugi K, In-situ observation of solidification phenomena in Al-Cu alloy and
Fe-Si-Al alloy, Int. J. Cast Met. Res. (2009) in press

— 100 —



[15] Yasuda H, Yamamoto Y, Yoshiya M, Nakatsuka N, Nagira T, Sugiyama A, Ohnaka I,
Observation of the Segregation by using Time-resolved X-ray Imaging, Modeling of
Casting, Welding and Advanced Solidification Processes — XII, (2009) in press.

[16] Umetani K,. Yagi N, Suzuki Y, Ogasawara Y, Kajiya F, Matsumoto T, Tachibana H, Goto
M, Yamashita T, Imai S, Kajihara Y, Proc. SPIE, 2000; 3977; 522.

— 101 —



