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Abstract: LY 12 aluminum alloys made by electromagnetic casting (EMC) and direct chill casting ( DCC), were ana
lyzed by optical microscope, differential scanning calorimetry, transmission electron microscope and X-ray diffraction. It is

found that the surface and subsurface quality of the ingot is improved largely due to the absence of an ingot mold, which is

impossible to achieve with conventional DCC. It is also found that the intense forced convection can promote the fast su-

perheat evacuation and break the dendrite arms, leading to the grain multiplication and the appearance of a fine equiaxed

grains over the whole cross section. As a result, the hardness of EM C specimens increases one time than that from DCC in

the as cast state. Even though after the solid solution treatment and the artificial aging, the DCC ingot still can not get

the same hardness as EM C ones.
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1 INTRODUCTION

Electromagnetic casting ( EMC) is a technology
developed by the of magnetohy-
drodynamics (MHD) and casting engineering! '
The EMC technology depends on the electromagnetic
force to prevent the metal from touching the mold.

combination

Depending on the interaction of eddy currents induced
in the metal and the magnetic field of the inductor,

(4761 " The con-

the liquid metal column is kept stable
tactless casting of EMC may eliminate the liquidation
build-ups and feather crystals, relieve the scalping op-
eration before the hot roll process, which is inevitable
for direct chill casting” ®. The more important mer-
it is the fine and homogeneous grain size caused by
the electromagnetic stirring in the melt. As a result,
EMC has been paid great attention in China recent-
Iyl ¢
vestigation of the electromagnetic formability and

I. Early researches concentrate more on the in-

magnetohrodynamic phenomena of EMC technolo-

[9-11] ; : ; :
gy , this paper aims mainly at the microstruc
tures before and after heat treatment of EMC speci-

mens.

2 EXPERIMENTAL

The LY 12 aluminum alloy was cast by DCC and
EMC techniques to contrast their microstructure and
aging hardness; its mnominal composition was

AF4.3Cur1.6Mg0.7Mn' "', As a kind of widely ap-

plied hardening alloy, it is often used to fabricate the
plane wrappings and aeroengine vanes working at
hiech temperatures.

The experimental procedure was carried out on a
pilot-scale caster, in which trialand-error shaping ex-
periments were performed and the optimized technical
parameters have been obtained.

The basic apparatus of EMC consists of a deliv-
ery system, a casting control system, a shaping and a
cooling system, a melting furnace and a power supply
etc, as shown in Fig. 1. The magnetic field generated
by a medium-frequency alternating current was used
[B1 and a heavy
eddy current was induced on the surface of the molten

to pinch upon the molten aluminum

aluminum, which was in
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Fig. 1 Schematic illustration of EM C apparatus
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opposite phase to the imposed current of the electro-
magnetic coil. By the way of the interaction of alter-
nating magnetic field and induced current, a body
force, directed towards the center of ingots, was gen-
erated to prevent the metal from touching the mold.

The technique procedures were as follows: first-
ly, the metal was melted; secondly, the position of
inductor, screen, water jacket and bottom block were
adjusted; thirdly, cooling system and power supply
were turned on; at last the casting began in a with-
draw al speed until the casting end. The manufactur-
ing conditions were: inductor current 4 800A; height
of liquid column 40mm; solidification front 10 mm up
to bottom of inductor; pouring temperature 710 =730
'C; flow rate of cooling water 3 m’*h™'; casting
speed 0.3~ 1.5 mme*s™ .

Besides the as cast state, some LY 12 specimens
were solid solution-treated at 495 C in salt bath fur-
nace for 1 h and then quenched in ice water. After
this, they were immediately aged in the 190 TC sili-
con oil bath for various holding period to obtain the
hardening effect.

The metallographic specimens were prepared by
cutting, etching. The
etchant was Keller s solution. The specimens from

grinding, polishing and
DCC and EMC ingots were examined and contrasted
by optical microstructure (OM) and X-ray diffraction
(XRD).

Hardness tests were performed before and after
heat-treatment by the load of 60 kg with the Rock-
well hardness tester of F type. Take an average of 7
times after omitting the highest and the lowest val-
ues.

Differential scanning calorimetry ( DSC) and
transmission electron microscopy (TEM) were used
to investigate the precipitation kinetics of aged speci-
mens. The DSC specimens were heated to 530 C
from 30 ‘C at the rate of 10 ‘C*min”'. The TEM
specimens were prepared by twirrjet electro-polishing
in 30% HNO3s70 % CH30OH (volume fraction) solu-
tion at — 30 C.

3 RESULTS AND DISCUSSION

Fig. 2 shows the transverse sectional microstruc
tures of the LY 12 DCC and EM C specimens in as-cast
state. It is clear that the grains of EM C are much fin-
er than DCC's, no matter at edge, midthickness or
center of ingots. And in DCC condition, the grain
size becomes coarse from the surface to the center of
ingots. In contrast, the grain size decreases from the
surface to the center of ingots due to the decrease of
the cooling rate caused by the Joule heating at the
subsurface zone of the ingot.

However, for the EMC, the grains are still ho-

mogeneous and fine than the DCC s over the entire
cross section due to the strong electromagnetic stir-

1''¥71%1 " This intense forced con-

ring in the liquid poo
vection promotes a fast superheat evacuation and
breaks the dendrite arms, which leads to the grain
multiplication. The suspended nuclei localized in the
vicinity of the liquid-solid interface are carried away
and dispersed in a slightly super-heated melt. As a re-
sult, the crystallization takes place simultaneously in
most of the sump and causes the appearance of a fine
and uniform equiaxed structure over the entire cross
section! """

XRD pattern in Fig. 3 shows that the main phas-
es in EMC LY 12 alloy are a, 6CuAl, and S-CuM-

gAl,. The principal strengthening phases are s'-
CuMgAl,, and §-CuAL''. Under the condition of
norr equilibrium cooling during casting, elements cop-
per and magnesium are retained in solid solutions,
then, the super-saturated solid solutions ( SSSS) are
decomposed in the follow ing sequence with increasing
aging temperature:
SSSSTG.P. [ 1]
S (CuMgAly)
SSSSTG.P. [ 1]
0 7 0 (CuAly)
Theoretically, as the G. P. [ I ] (soluterich
clusters) and G. P. [ II] (vacancy-rich cluster) e

-

TG.po (1 TS

TG.po (17

merge, the strength of aluminum alloys increases.
When the transition precipitation phase S ( §)
comes up, the strength of aluminum alloys reaches
the peaks at around 190 ‘C. At last the equilibrium
phase S ( 0) turn up, and the mechanical properties
begin drop!'> I,

Fig. 4 shows the aging-hardening curves of LY 12
alloys. It is found that the hardness of EMC specr
mens (HRF 31. 7) is two times higher than that of
DCC ones (HRF 16. 0) due to the grain multiplica-
tion in ascast state. The strength increases with the
strengthening phase precipitation after the solution
treatment. The EMC specimens reaches a peak (HRF
48.5) at around 12 h, while the DCC ones get the
peak (HRF 44.4) at about 36 h after artificial aging.
This means the EMC ingots have more obvious re-
sponse to solution and aging treatment, compared to
DCC ones.

The precipitation process of intermediate phases
is shown in Fig. 5. The exothermic peaks at around
280 C and 495 T are respectively caused by G. P.
[ 1I] and 8" (6) precipitates. No endothermic bump
corresponding with the G. P.[ I ] zones emerges dur-
ing the decomposing of alloys. The EMC specimens
have higher exothermic precipitation peaks but nar
row peak broadness than DCC ones.

Theoretically, the G.P.[ 1]

formed at a relatively low temperature and easier

zones are
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Fig.2 Microstructures of LY 12 alloy ingots (d 174 mm) at as cast state
(a), (¢), (e) —=DCC, from surface to center; (b), (d), (f) —=EMC, from surface to center
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Fig. 4 Agehardening curves of LY 12 alloys
Fig.3 XRD pattern on specimens of

EMC LY 12 alloys
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Fig. 5 DSC curves of LY 12 alloys
(a) —As quenched; (b) —As aged

dissolved when the aging temperature rises'*” . As a
result, the heat flow in aged state is lower than that
in as-cast state. This can be explained by the fact that
there is no coherent relationship between G.P.[ I ]
zones and matrix.
rod and needlelike

Fig. 6 shows that man

Fig. 6 TEM photographs of LY 12 alloy

samples at as aged state
(2) —DCC; (b) —EMC

precipitates S () well distribute in EMC speci-
mens and little in DCC specimens. It is suggested
that fine equiaxed grains and short diffuse distance are
beneficial to the fast precipitation of intermediate
phases.

4 CONCLUSIONS

1) Electromagnetic stirring makes the EMC in-
gots have much fine grain sizes and homogeneous
structures, and have higher hardness than DCC ones,
not only in as cast condition but also in as-aged state.

2) DSC results show that EMC specimens have
higher enthalpy than DCC ones. This suggests that
the G. P. zones and S" or § precipitation phases are
more easily formed in EMC specimens than in DCC
ones.
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