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Abstract

Semisolid process is possible in any material system possessing a freezing range where the microstructure should consist of the non-
dendritic globular solid phase separated and enclosed by the liquid phase, referred to as semisolid slurry. There are two primary semi-
solid processing routes, thixocasting and rheocasting. Especially, theocasting process has become a new focus in the field of semisolid
process because of its many advantages such as no special billet required and possibility of in-house scrap recycling, compared with the
thixocasting process. In-Ladle direct thermal control (DTC) theocasting has been developed, based on the fact that there is slurry and
mush transition in every molten metal and the transition, which normally occurs in the range of liquid fraction of 0.1 to 0.6, could be
controlled by controlling solid shape and relative solid-liquid interfacial energy. In this study, A356 Al alloy was investigated to verify
In-Ladle DTC rheocasting for obtaining semisolid slurry. Modeling of heat transfer was carried out to mvestigate the effect of pouring
temperature and ladle material, geometry and temperature and the simulation results were compared with the actual experiments.

Key words : In-Ladle DTC Rheocasting, Thermal Control, A356

-

1971 Spenceroll ©]8F Sn-15%Pb FH=<]

= 7+ Fg
FAFE FAA 7|AH ek =3
A

e s
439< -
& 2] o 542 BEe®, Flemings
£ Aol o nAFE FolM 71
A7FE 57421 Rheocastingo] A7 712=]QTH1-
2= semisolid processE A H = We 71 E
(Rheocasting) = ®H8-§- 7F}d ¥ (Thixocasting)2 x| 54
G B2 A7 RS S ukeumbe-g 2o, vk
-8 AR N T AR v BAL AR
3t stom, Al 3 % Mg 3 59 Aed 2539 5
+ 2 ST Z8H FE0l Oig I Ay Fo) i}
[45]. H< 48, 03 58 $4o® Al §=23 Mg 3=l
2§ 7Fs3 ¥4 Rheocasting A7 7idko] &3] o)Fo)
A1 9th. 53], Slurry-on-Demand (SoD)E ©]£3F Q&
UBEAF®] New Rheocasting Process(NRC)& A]Zto 2 =gl
TAL NEAE FoiM Al FF0E AER} RIS A}
I 3tk UBEARY] NRC processe Al 33 €8-S F&w7}
Yell "ot 34 W7 34 7192 sho] 34 =7 o)

"E-mail : bebecoro@kitech.re.kr

(38)

(Received November 15, 2005; Accepted December 23, 2005)

IAF Aol FEERE Al T £ E SE|H FYse]
AEFL e 9o, Hitachirbs €4 B9 ve on
o] g8 F

WZIA whea £ E ARl AT, 7].
olzfgh wiF o ZHE] E APoMe 712 UBEA ¢ Hitachi
ALl process BT YRS 71ezA 71E tlolg2g X
Wzt B AN E FAsA] 4 HEdlAe] 847 ol 5
SaAllE Bt AL SHEE AR gElBel 93t
& In-Ladle DTC(Direct Thermal Control) Rheocasting 33
g3larz} stk &8 ol$F HEIAM WAl £EElE
Aofetr] HsiMe G AR, G4 2 259 G5 o
o & vy sejEle] =l i E ok 39, 1o
2= 34 gglo] Zaslt) In-Ladle DTC Rheocasting 373
S 95k, simulationo] o3 ThYFEE ZaLAlo] WMo w
W3 SEjE]e] RS Ao, o)E HiEo R
g% HZ e 274 In-Ladle DTC Rheocastingoll 2] 3h
A356 Al a9 ZAAAE FY3A

-y
=N
=

=
i

2 43 9y

A356 Al $=9 In-Ladle DTC Rheocasting 33 FA&



A356 Al ¥°| In-Ladle Direct Thermal Control Rheocasting - ©}%15F « 71933 - X% - 3%

7] 93l Py FAE, 889 &x, gEY L, H=
o] YAS HEE AHE simulation T2 139 FLOW-3DS
ARSIl Simulationol] 288 A356 Al 9] 7|2EAL
e, BHES, GuAS, Y, I 9 e ol
Table 1o} YeERRAT) Simulatione BE9 FAEE,
25k, AE Sk, HE FAo] Azl nlE el g8 &
T U PXE 9gE I en, oF 25 25°C,
71 710 AAEIAT e SAEEE 0.057cal/
cm*sec - °C, 0.18cal/em - sec-°C 2 0.941cal/cm-sec-°CE &
Aewrt 28 A5et GHEEI W& ARl ale] whew
iEle] 2ETHE Jepiith 89 2E& 650°C, 670°C
2 700°CE Ro)E Fof Ao SRI-E AWugitt P&
LI 300°C, 400°C 2 500°CE d|F3le] Yy exe] &
= 7Y sigd e wex S8gy e B
Sttt SRemRTh W HE9 AN FUI g8 27
Bzl Sa8 W2 43t wehd G52 FAS 3mm,
Smm 2 10mmZE HSAA A HE 4L Soprgith
ol2{ ¢t simulation HFE Table 29} Fig. 1] JeERHATh.
Simulation & &89 F-5°] g7 e Lo
7FE "@AA AT BAEKIoH Azl wE 88 43
+%=& 439} Simulation Z#+= Scheil Equationo] ©]
o AEE VIR0 R A% Fig 201 BAE 13EL
Scheil Equationol] ¢]3) #3 ghelt}

In-Ladle DTC Rheocasting A&l AM&E A356 Al &
& IFa FegRE AMESle] &8 /4%t Simulation
AHE vEeZ  A356 Al ¥F9 In-Ladle DTC Rheo-
casting Z2|Ajo] APE AL} A7|2E ANl Fx8

Table 1. Physical properties of A356 Al alloy.
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3.1 In-Ladle DTC Rheocasting simulation

A356 Al 329 In-Ladle DTC Rheocasting &4 ZA-&
Zv7] Yste] AAIRE simulation A& Fig. 29 YeERSIC
In-Ladle DTC RheocastingllA] #lEe] vhg-7 &ejgje] &

Density Cc;l;llzlirglﬁexlfli ty Coeﬂizif;;nzgoglemal Latentheat  Solidus temperature Liquidus
3 0, 0,
, at 20°C I/k; C temperature (°C
(glemr’ a ) (cal/cm-sec-°C) (um/m-K at 20-300°C) (Keallkg) ©) P o)
A356 2.685 0.38 23.5 92.971 555 615
Table 2. Experimental conditions for In-Ladle DTC Rheocasting simulation.
Case 1 Case 2 Case 3 Case 4 Case 5 Case 6 Case 7 Case 8 Case 9
Ladle Thermal Conductivity 5 0.18 0.941 0057 0057 0057 0057 0057 0057
(cal/cm - sec * °C)
Melt temperature (°C) 670 670 670 650 700 670 670 670 670
Ladle temperature (°C) 500 500 500 500 500 400 300 500 500
Ladle geometry A A A A A A A B C

(@) Type A
Fig. 1. Schematic shape of ladle geometry for In-Ladle DTC Rheocasting: (a) thickness: 5 mm, (b) thickness 10 mm and (c) thickness: 3 mm.

(b) Type B
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Fig. 2. Results of heat patterns for In-Ladle DTC Rheocasting of A356 Al alloy as a function of (a) ladle thermal conductivity, (b) melt

temperature, (c) ladle temperature and (d) ladle geometry.
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Fig. 3. As-quenched microstructures of In-Ladle DTC Rheocasting as a function of (a) melt temperature: 650°C and quenching temperature:
600°C, (b) melt temperature: 670°C and quenching temperature: 600°C, (¢) melt temperature: 700°C and quenching temperature: 600°C,
(d) melt temperature: 650°C and quenching temperature: 610°C, (€) melt temperature: 670°C and quenching temperature: 610°C, melt

temperature: 700°C and quenching temperature: 610°C.
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