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Variation of Morphology of Solid Particles and Microstructure in Al-Si, Al-Cu and
Mg- Al Alloys During Isothermal Heat-Treatment at Semi-Solid Temperatures

Woon-Jae Jung*, Ki-Tae Kim* and Chun-Pyo Hong**
Abstract

Variation of shape and size of solid particles and solute redistribution in Mg-9wt. % Al, Al-4.5wt. %
Cu, and Al-7wt.%Si alloys were investigated when they were heated to semi-solid temperatures and
held without stirring. In the case of Mg-9wt.% Al and Al-4.5wt.%Cu alloys, the polygonal shaped solid
particles were agglomerated with non-uniform distribution, and there were no disappearance of the
solid/solid boundary until the end of melting. But in the case of an Al-7wt.%Si alloys, two or three
spherical shaped particles were coalesced or separated individually, and the coalesced particles had no
solid/solid interface on the contrary to the prevous case. The maximum size of solid particles during
isothermal heating at high temperature was smaller than that at lower temperature, but the time re-
quired to reach the maximum size at high temperature was shorter than that at lower temperature.
The concentrations of main solute atom whose distribution coefficient is lower than 1, decreased in the
primary solid particles as the liquid fraction increased, and the gradient of solute concentration was
steeper i1n Mg-9wt.% Al alloy and Al-4.5wt.%Cu alloy than that of Al-7wt.%Si alloy.
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Fig. 1. Schematic diagram of the thixocasting ma-
chine.

Algts2 Aol 71 €972 3ot

22 AN&2e M=

AzF A8 =42 Table 17 Zri

olF2 WX WIAFZLEITLEAN Mgy
Z3 Al x}o], AldHZelA Al-SiAe} Al
-CuAlY zto]lE H|msluAl sl A& 4
e PERE ol&IYdy, e MgHg2
AA, AlFFL ZA4& AHe3tud.

Fzz22E& 7153 v A3l st Mgyt
FollA= 850 CE Hdste 1027 #AT F
T7HE AU 700C7HA EF7|E FWst
A3, AlFFddAe FHurtdLEE 750°C 0|3}
2 3tz Tig 0.15wt.%AE 2rstgdch. =3
$a&TE w25 37| Y3l e R 2
=4l 150CE dl9g I3 F<istsct

Fz2% A" A7 30mm, ZHe]l 200mm 3
Bowx FHAAZE AAA 25mm, Zo] 15mm
o2 Adsle] Y FeA A8 Y Al
£ #HsAd

Table 1. Chemical compositions of test specimen.(unit | wt.%)

alloy Al Si Cu Mg Zn T Fe
Mg-Al 9.82 0.06 0.01 rem. 0.65 — 0.059
Al-Si rem. 7.37 — 0.25 0.03 0.15 0.34
Al-Cu rem. - 4.5 — — 0.17 <0.2
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Table 2. Results of DSC(differential scanning calorimeter) analysis.

experiment(°C) equilibrium(°C) difference(°C ) (exp.-equil.) amount
: melting of . melting of : melting of AH; of
alloy eutectic eutectic eutectic :
tem @ phase torm a phase to « phase (J/g) | eutectic
P- "start | end P Tstart | end P Ttart | end (%)
Mg-9wt.% Al | 426 452 596 437 465 597 -9 -13 -1 237 15
Al-4.5wt.%Cu| 547 573 651 548 565 652 -1 +8 -1 305 9
Al-7wt.%Si 567 — 610 577 — 612 -10 - -2 324 51
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Fig. 2. Changes of fracton of liquid with the holding temperatures.
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Fig. 3. Variations of the solid particle sizes with the holding times.
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Table 3. The orders of regressions of sohd particle
sizes according to the holding times.

T
(holding T
alloy temp.) n C) T/Ti
C)

580 0.168 0.973
Mg-9wt. % Al 585 0.173 596 | 0.982
590 0.126 0.990
595 0.100 0.975
. 600 0.125 0.984
ARTWL%S 0 T 0166 | 810 [0.992

610 -0.098 1
642 0.130 0.986
Al-45wt.%Cu| 645 0.146 651 | 0.991
648 -0.338 0.995
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(109)



—562—

W 2EFAHA FEHAE Al-Si, Al-Cu 3l Mg- Al 3494 % 239 93— A4, 2714, $2E

Mg-9wt. %Al

Al-7wt.%Si

Al«—4.5w£.%Cu

Photo. 2. SEM images of the interface between the
primary solid particles.

w AP

BE F719E9A] FAAAL F5739EC] oAt
HWE &4 A|7Le] 'E‘%‘--rﬁ}"‘l o|2 Ql3lod T
AAefel A, F2 £5F FY¥E AdR, =&
TSR TSR 2B ANGAE T, o] aito]
FEAHOE S49 F FHSAHNAN AASH A
d T Aot 2y ¢ dEAZ 32} Photo. 2
& ATEHH 7ldo] o8 £§=o gk AAtw}

Y¥ABaL, oAl Fel Y 2oy o=
F&Ech BRI FRA] o)]F At mapy
o AEAEE IAY 2UBAHEE AAY o)
et TAMY Y4k B2 9 e o4 o
& v At AlHe] Ao g YR AL 4,
>274(7e - primary aA7t Ao q 3|, 7, : Pri-

Mg-9wt. %Al

QBK 38 Bpm

Al-7Twt. %Si

Al-45wt.% Cu

| -

(110)

Photo. 3. SEM line scannings of the main solute
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mary @33 °)E Abelel 48 U= FHY
Azte] AmdA]) g velx, zAe &3
Y AW Aol AHY UFL ri<ryu(ya: Pri-
mary oAt &§ oA Abol9] AWz e
VYeldct. 3 DAYPALY Aol vehte
AL 79 yazte] R 7 39 £3YE g4
Ag8] z}ole] 7]Ade Ho2 ZHYE F .
ve2t yolele ZAAAIES §§F9e £
9] Exzjejeltt. Mg-9wt.% Al, Al-4.5wt.%Cu
E 44T & IAT Ao £3ML
SE7F @& ot g F9of uj# AHAA}t R
3, & y.<yeolZ, Al-TWt.%SIgEL ol9} &
B 727,989 Yebdch =8 Al A



Jujo Vol. 16, No. 6

Journal of the Korean Foundrymen'’s Society

—563—

iAol 23 Aoz o E i u)3
AlZ1AY Sig] AHAS7E wils =279 olz)
AzZF-e12]. Photo. 26|41 B.5o] Al-7wt.%
Sighae] 247 Alde Bd43q #3 Siez
A T4 ool AT AR Ao, &
52 954 SEUAHEE 2dH nd7Y A
Ho| A vt & FAHAIPE ol A
THAE AHL 43448 d4x SAERR
285t Aol ]S £31" Zi[13]0]3, o]d
w2} Al-7Twt.%SigFelA ZAYAE T
2,79 £x9 E Be¥ AR gusd.

35 2B T 9| wis}

HYE A 8eA dAt, TAA AR TASEA] 9
A & AEEAY A= Table 424 2+ ¥F
A FLAYPLY FEE BE S2HR YA F
AR vlTArLE R Jldsi 43 g

32, 71gA)17te FUd oe oS A
o|AL & ¥==9 A, k7t 18 FAg-&
Jehi, #2478 F7kel Bt 2 B9d 2
ol A

TAY 529 £3AMEE SAHY Fd+e Fig.
524 die] F/1ETEF AW F4AYA
TE7 A3 RotAH, 2F AE FxU|E
1= Mg-9wt.% Al3} Al-4.5wt.%Cudgol
Abste] AAHEo] FolA 5 TAAHL] A
A FA% F71E Holx Al-Twt.%Sigg< °
gte] A dAs}. o| AL FE 7] 44
2 E xfole| 7|3 A2 A Mg-9wt. % Al
Al-45wt. % CuPdFL C.<CeZA F& AAE
dlM= A% H|HY FHo| EEFFHI A @
Aol S8l 2 YAlo] FrlETt. weta dF-
el &eHHE $AYLFES} 22 FA
Ao &gl 2 P FA|EA HYFE

Table 4. Solute concentrations at solid, liquid phase and interface.

allo solute at hold; dit; concentration at a point, wt.%
d vieatom ) hiolding condition 1(liquid) 2(sol./liq.) 3(solid)
as cast 21.2 7
Mg-9wt.% Al Al 595°C, 15min. 11.5 6.3 2.7
595C, 30min. 9.8 7.8 2.8
as cast 12.8 2.3
Al-7wt.%Si St 610°C, 15min. 7.4 5.5 0.9
610°C, 60min. 6.7 4.2 0.6
as cast 11.4 1.3
Al-4.5wt.%Cu Cu 645°C, 10min. 9.1 6.3
645°C, 60min. 5.1 4.5 1
Mg - Swt.% Al Al - Twt.% 81 . Al - 4.85wt.% Cu
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Fig. 5. Variations of solute concentrations within the solid particle.
sol./liq. boundry : 1< —>5 : center of the solid particle.

(111)



—564—

YA LEFHe) N F242% Al-Si, Al-Cu R Mg-AlgEs] IAYY 4 238 B8 - 4, J7]d, $22

Ho HExsso], FYA THAHL] UYL F
E7t ®olAle A2E ARG, ole} v Al-
Twt.%SigFL Co<C<CEA 50%HE F
o)l AHEZ, djF L% aite] EEFHA A
o HYF=S JH2E EA3d FHA TYA
el £3daF=rr A =cok §8 Tig
e dAe Fotd wmeEt IAFESY Fx0}
oML FEZEVIE ©E FHAC. oA
£ AYY #ALEAA Tio] Alft EFNE
3t k3te] 1Bt ZojuEel ZAS FUdLE
A-HHE e, old FEE PHAHEANA
8 Fx=9 FAA -

4 8 2

Mg-9wt. % Al, Al-4.5wt.%Cus} Al-7wt.%Si

T2 93 BHIAALT=TF A mHtgle]l 714,
F25te, AT R FA| A7 el WS JAHE,
IAEA Y F7), £3YL AQEN 5] HEE
TR A3 O ZFL FEL A9

1) Mg-9wt.%Al ¥ Al-4.5wt.%Cuy}-Zoil 4]
F2A AEE 2% FHL FUMEA R
A AL E 7] ojAe] ZAFIAC] EFAHoR &
= Aok

2) 2AZ7)9 W dE dA2e U=
0.99T B A, o] 2Eo|3Ae 2AZ7]Y F
b7k ftsly nE o F4F YA RS RS}
el 2|y, o] 2& o|AtelAe TAFY Lfoll o
8 %8 =77} Akt

3) Al-4.5wt.%Cus} Mg-9wt.%Alg3Z&
TA A o] t}by o] pAte] B UE EER
A%, $3F £54ENX AT YA
2ol A8 vehdz] Fskey, Al-7wt.%Sie
T3 3Ate] 2-3747F A FA == 2
2 EEEe] a3 Bxsly, €A% nAbd
A A7 Alde] FA] ~dstgrt

4) Y4}, mAAH, 283 T4 AN A,
= 4 TAAA HAH L[ F

Exv YAl F/ETE 25 ZAstg3, Ti

(112)

< IAFARAA =7t F71etd 2 A
Hell Hette SEUNGEFL J4E0] =€
T8 H2a} Ao

5) TAY F4AHULe FEEEE Mg-9wt
%Al Al-4.5wt.%CuF=2 7% dAgo] §71
48 2YAR SHAA FHE FHE R4
T, Al-7wt.%SigFe olst &e dAFsg.
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