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Time-Resolved and In-Situ Observation of Solidification in Hypereutectic Fe-3.8C-3.1Si Alloys with Mg Addition
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Solidification of hypereutectic cast iron ( CE4.8 ) with 0.04 mass%Mg was observed in-situ by using time-resolved X-ray
imaging. Since holding melt reduced Mg concentration due to vaporization, the observations were performed three times for
each specimen to verify influence of Mg content on the microstructure evolution. At the first run, graphite particles with
spherical shape grew in the melt and were surrounded by y-dendrite or y-graphite eutectic. The typical diameter of graphite
particles was 30 um. At the second and the third runs, graphite particles with spherical shape grew in the initial stage and then
the particles transformed from spherical to flake shape before the graphite particles were surrounded by y-dendrites and
v-graphite eutectic. The reduction of Mg in melt due to melting led to decrease in graphite nucleation. In addition, the temperature
range in which the graphite particles grew as the primary phase increased with decreasing Mg concentration. The observation
also suggested that Mg content in the melt influenced graphite nucleation frequency ( kinetic effect ), phase equilibrium of
graphite-austenite-liquid phases ( thermodynamic effect ) and morphology of graphite. The graphite growth was followed by
growth of the austenite phase which tended to nucleate in the vicinity of the graphite particles and to grow along the graphite
particles. The eutectic solidification of the austenite and the graphite was finished behind the austenite dendrite tips.
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Fig. 1 Setup of in-situ observation using synchrotron radiation X-ray. (a) Configuration of X-ray beam, vacuum chamber and X-ray beam detector and

(b) specimen in the furnace consisting of BN plates and graphite heater.

IHI £t Vol.54 No.4 (2014) 97



AR RT WS, 20RO A S 2B Rz
L, X #&EBRICE)ABOBEREER LR AR
I —ERE TR 2 W CREEHR A g2 L 7., A
L 5 K/min 205 20 K/min T 5. 3k LA R
2o T A720, BEIZBBLATHIS RISREZ o7,
B22F o U N—HIRE SN HE Bl L7 X AR
%, T N—OFRITEE L7 X SRS &) FHI
L, SBOZBGE A7z, Fl X MRS, R
W CTH LT Fa v 2T To7:. €74 XL,
S5umxSum TH Y, BEHTFIL S mmx5S mm TH 5.
FOURIZIZIT 1s THY, 7L—LL—Fd 1 fps TH
5.

2.2 EfRE

HEl L7z X RO, A X SR 1, X MO
WS u, SEES r 2T N (1)yn X))tk
5.

I(x,y):Io(x,y)exp[—,u(x,y)t(x,y)]

.............................. (1)
AR ORI IUER S, w1, WO | OB m PR
(Ulup); EEEFEE p OMOMTH Y, kL %b.

uzgm(ﬁl:pgw{ﬁl ......... (2)

p WTIIERETH Y, w, THERTTE | DERFETH
B, LihioT, X BOBBEIEEEHORIIULHO
SARBIEL T 5. ASE X MORE [, DRI
BTlR, 20T, BRSOV A AT A% ER
L7 X = AR T, BBEE IS
SRR CHEIE S HThIUL, B S BB

(&, BN ORI D 534 % B L T .

PR & IR FRF OEREWIUREI TR E 22D D),
B o777 74 bOMIBIHBRNES TH L. —h
A e A — A7 A PTER (2) TRSIND L) ITHEE
AT A LENRD S, 21 keV OHASCIIENE & A4 —
AT FA D RHGIT B O RER TRVFE—TH B ),
72720, 797 7 A MR LIRS R T
il X SEESIKRE LR, 797 74 POFFITIIR
AR ORI X 2853 U7z, Fig. 2 (a) (ZHAHT I 5
L7277 774 Mo X SEBREOBIZRT. M-S
TWb7 7774 MO EFITHIRIZH X 723K
( Bleeding ) 2LD > T A, ZhUE, 79774 MO
3T X MREEEEDIEF ISR 2 ), MR OREIC X
D EHICAL T EILD > T b D Th b, &
72, 79774 b EWHORTNET, HEREOa L MT
AN o T AHDIE, JEra > MF A b ( Phase
contrast ) °7) TH 5. WEHETIE, FEFEITHATEDOE W X
FRE — A5 RHI IR S, VR O 285 B L AR5
L7280, 77774 MERED L) IZEEEORE W FLE
TIEHBE R 2 F I A MPEL L. DX )% X
PR X MOTHEEET L L, KROT T 774
~ OFLRITERAIIZ Fig.2 (b) DL H 127545,

3. ERERRUEE

3.1 EREHRBERL
(a) 1 [AIE O - B
Fig. 3 (a) ~ (f) |C 1 [01H O - BEEIR O EERERH
MIEZRORET- %2779, Fig. 3 (g) ~ (k) (KD
DIKRIGTH 5. WHHEX 10 K/min TH Y, &
WIEOLE T ORI L EIIAR 22 SEE R Z 0 s

Spherical ‘_. .
\“ . . .. . :
“. .
. . L ]

(b)

Fig.2 An example of transmission image obtained by the present study, (a) Graphite particles on the transmission image containing the artifact due to the
detector and the phase contrast and (b) schematic illustration of the graphite particles after removing the artifact and the phase contrast.
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Fig.3 Sequence of solidification at the first run ( cooling rate of 10 K/min ). (a) 0s, (b) 10's, (c) 50 s, (d) 130's, (e) 150 s and (f) 180 s.

(g) ~ (k) : Close-up view of a graphite particle indicated by the arrow.
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Fig. 4 Nucleation and growth of y-dendrite around graphite particles with spherical shape at a cooling rate of 10 K/min ( the first run ). (a) 0 s, (b) 8 s and
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Fig.5 Sequence of solidification at the second run ( cooling rate of 5 K/min ). (a) 0's, (b) 100 s, (¢) 230's, (d) 500 s, (e) 770 s and (f) 910 s.

(g) ~ (k) : Close-up view of graphite particles indicated by the arrow.

Fig. 6 Growth of y-dendrites around graphite particles with flake shape
at a cooling rate of 5 K/min ( the second run ).
(a)0s,(b)8s,(c) 10 s and (d) 20 s.
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Fig. 7 Sequence of solidification at the third run ( cooling rate of 20 K/min ). (a) 60 s, (b) 90 s, (¢) 170 s and (d) 200 s.
(e) ~ (h) : Close-up view of the flake-like graphite particles indicated by the arrow.
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Fig. 8 (a) Graphite size as a function of solidification time and
(b) graphite size as a function of temperature. Temperature
was defined to be 0 at the eutectic solidification.
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Fig. 9 Relationship between diameter of graphite particles with spherical
shape and the local solidification time.
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