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Phase contrast (Fi& (2L 518)

S — R SRR
BEaU b5 RO
%

EMREZRALLBERDIIENTES

BIFaFS X+

Solid / liquid interface
of (pure) Fe

Density difference (4%)
caused contrast.
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A ZEFA L EBERROEBRE

» Dendrites of Sn-Pb alloys (Mathiesen et al, 1999)

» Dendritic and eutectic in Al-Cu alloys (Mathiesen et al, 2002)

» Al-Ni + Topography (Thi et al, 2003) N

> Fragmentation at enlarged region (Yasuda et al, 2004) F=378=0E= 1S

» Coarsening in Sn-Bi (Li et al, 2004)

> CET in Al-Ni (Mangelinck-Noel et al, 2005) {RifT

» CET & fragmentation (meso-segregation) (Mathiesen et al, 2005, 2006)

» Fragmentation due to solute-rich melt flow (Ruvalcaba et al 2007)

» Strain, yeild stress of Al alloys + Topo (Buffet et al, 2007, Reinhart et al,
2008

» Dendrites of Fe-Si-Al alloys (Yasuda et al, 2009)

» Flow, Segregation & fragmentation <p-focus>(Boden 2010)

» Sn-Bi & Sn-Pb @Shanghai SR (Wang, 2010)

» Dendrite of Carbon Steel (Yasuda et al, 2011)

» Deformation of Al-Cu alloys & Fe-C alloys (Gouray et al, 2011, Nagira
et al, 2011)

Setup of observation

BL20B2 Bending magnet 5x5mm2(5x5um?2), Max 32fps

BL20XU Undulator 1x0.7mm2(1x1um2), Max 3fps
5x5mm2(5x5um?),  Max 500fps

BL28B2 Bending magnet 2x2mm2-0.05x0.05um? 1fps
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’[mll

54 (RHa)
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Enlarged region

| Reentrant corner

Channel

Sn-13at%
10um/s

S/Linterface
at the beginning

1mm
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Free growth model (FEHVEZE)

A.L.Greer et. al,
Acta mater. 48 (2000) 2823.

C plane of TiB2 C plane of TiB2 C plane of TiB2

S I S S VN R

| BERALTRN

« BRERYA FEEHEOEE (Ghtt, BEME) [FEEICRL (BWERE)

« B (&%) PERRERBTDIERERL. A FORESITIYRES
YA bDYAXIBRKRENFE, BLBSETHRE

Al-15Cu + Ti-B

Al-15wt%Cu Al-15wt%Cu-1.2wt%Ti-0.6wt%B

4mm x 4mm 4mm x 4mm

Pulling rate: 10um/s
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Fe-0.45mass%CHi D o/yZ fE

4

0.44C stoel 10K/min === 200um 105.0s

130s~
O & R DX FFFEE T

vAEAZ Rk

0.44C steel SOK/MN == 200um 0.0s

145s
OFEM LYy E R L

VAR D% E A AN 3 7 I

BERY A b

VOREIRILF—IL
LEEFRIR & L

G,5=02J/m
0,,= 0.3J /m’
o5, =0.7J/m’
o, = 0.4J / m*

L/oFmE I,
VEDRERY A FELT
HEeL 2Ly

L/O®D FH AR L
LoyDERE AL/ E LY
(AT<10K @ 1494°C)
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Laue pattern (S45C, 10K/min)

RS

Gamma

Delta >Gamma
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Oy REIZEAfR L =i Mh

60.0s

Fragmentation occurred at /y boundary when the &/y interface
moved to the bottom (temperature slightly increased).

The reverse 6/y transformation initiated the fragmentation.

The fragmentation is synchronized. All the dendrites in the
observation area were simultaneously fragmented at an isothermal
plane (&/y interface).

114.0s

“wet” boundary between ¢ and vy

v

v

0,5 =02J /m’

Oy = 0.3J /m’
Gé/y > GL/(S + O-L/y

Oy, = 0.7J / m? 7/
0,,= 0.4J / m’

Interfacial energy: L.H. van Vlack 1951, W.Kurz & D.J.Fisher 1989

Liquid film could exist even if T < T,,. (Growth toward the tip, dT/dt<0)
v" Too thin to be detached.

Liquid layer (i.e. 10 ym or more in thickness) was produced in the
reverse peritectic reaction. (Growth back to the root, dT/dt>0)

v' Can be detached.

In some cases, the fragmentation might passively be used for grain
refinement before we know?

The fragmentation can actively be used for grain refinement?

12/02/24
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Solutal field P T I, (PC ) P = D

Marginal stability R= 7\.5 (Stability parameter)

Low P, Em&E&EETIE.

YhER S _j IR b LYARH

i ~ R = br 1
iﬁ%$ r G*ATkV An_“mKE_DCo
] l RRREE I

| ERG J/,a;mﬁ G IR+
1$54—% BrE | aemm J

Free growth: Lipton, Glicksman, Kurz (LGK) / Lipton, Kurz, Trivedi (LKT)
Constrained growth: Kurz, Giovanola, Trivedi (KGT)

Measurement of tip radius (Fe-Si)

) 40 60 80 100 120 140

» Dendrite tip is assumed to be spheroidal shape.
» Accuracy of measurement is improved by fitting the tip
shape to parabolic curve.
* Assmall as several mm.

26
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FinHRFFEERREE
|

w0t =l EEEE | ———

GN—’ " : E 1/2
£ Fe-5.3mass%Si ] DI
2 - | G*AT KV
5
10° E
\E 6 =
2 af :
3 B T _ 37 M =
& i 1 ETLORLMEER
C (FREN-HR)
10 —
¢ :
4+ Al
2t log(R) = -0.5xlog(V) -7.12 +-0.07 4 FEMERNDYMEA
-7 L Lol L L1111 {,&&)6%7‘;(,\75\'?
10 2 3 4567 2 3 4567
10° 10" 10°
Velocity / m s

FrfEl 2 AZ2RTTIRE 57 I (Fe-Si alloys)

~ Attenuator

lon chamber (i0) Specimen CCD camera lon chamber (i) X-ray detector
To measure in cell made of To measure To measure To observe
intensity of BN and Al,O, temperature of  intensity of microstructure
incident X-ray under vacuum or  specimen transmission evolution
beam Ar atmosphere (average X-ray beam
temperature)
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Image processing for quantitative evaluation

Transmission image I =1 Ut Wt
(before solidification) o8P (Hatia )Pt (x.y)]

Transmission images
(during solidification) 1 =10 €XP (Heartean Jexp[ i1, (x,¥)t, (x,¥)]

Transmission image =1 exp( Wt ) Thickness
i (] T Meell beell
(SpeCImen Ce”) K/ L Absorption coefficient J

Direct beam I, =1,(x,y) =3

before solidification during solidification ‘

Direct beam

X-ray transmission intensity

Tansmission mages 1, /1, = exp (~Haten ) XP[ 4, (%,¥), (%, 2]
)]

Transmission image — ] —
(before solidification) Iy /T, =exp( “ce“tceﬂ)eXpl: Myt (X’y

nemeneair®s® e/l =exp(Hata) ®

‘\/|'

/1, =exp [—{us (x,y)—m (%, y)] I /T, =exp[u,t,(x,y)]

\

i | Conventional X-ray imaging

\/
X-ray absorption ln(IL /Is) — K (Xa Y) —H

coefflqent ln(IC /IL) 0,

o (] {8 Joe
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Fe-5.3mass%Si (5K/min)D#A/ A A —2

> ERTER D hh
> IR PR RRE D LK

BEOHHICKYBRERRA ., AEWEZXEL TS AR

BAMERAEILOEE

200 ym Al,O;

150 ym
Al, O3

5-10 mm

—
150 ym Al,O; 5-10 mm
confining sheets
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Al-15wt.%Cud & A B
(FZILEFHEAREIGUM/s)
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Trans.Img  =100um 0.000s
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