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Effect of an alternating magnetic field on the phase formation

in Al-Cu couple
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Electromagnetic processing of materials (EPM) has
been recognized as a crossing technology, especially
in the fields of advanced materials processing. Several
examples of EPM, for example, are the application of
a high frequency magnetic field [1–3], a DC magnetic
field [4], DC magnetic and electric fields [5], and a
traveling magnetic field [6]. Recently, by the advance
in super-conducting magnets, a high magnetic field has
become readily available and is being applied in vari-
ous fields of science [7]. Many interesting phenomena
relating to EPM have been found [8]. The present in-
vestigation stems from the experimental observation of
Cui et al. on the effect of an alternative electromagnetic
field on solidification process of aluminum alloys.
The liquidus and solidus temperature were increased
[9], the solution of alloying elements was effectively
promoted and the macrosegregation was reduced when
solidification took place in alternating magnetic field
[10]. To explain this it was proposed that the magnetic
field promote the diffusion process which accompanies
alloy solidification. The purpose of this study was to
investigate the effect of low frequency alternating (AC)
magnetic field on the formation and growth of interme-
diate phases in the system of Al-Cu couple. Thickness
measurements of the intermediate phases were here em-
ployed following the annealing process to compare the
difference of intermetallics formation and growth with
and without the application of the AC magnetic field.

The diffusion couples of pure aluminum (99.9%)
and oxygen free copper (99.9%) was employed in
the present experiment. The pure aluminum and cop-
per plate of a thickness of about 5 mm were cut and
the bonding face of the couple halves were polished
and cleaned. After that the plates stacked 10 mm in
thickness were cold rolled to a thickness of nearly
2 mm. The specimens were cut into rectangular prism,
10 × 10 × 2 mm3 from the as received cold rolled dif-
fusion couples described above and annealed at 803 K
for 8 h in a resistance furnace with and without the ap-
plication of low frequency AC magnetic field. The AC
magnetic field was imposed on the diffusion couple
by a 680 turns water-cooled copper coil surrounding
the resistance furnace. The intensity of the AC mag-
netic field was determined by CT3-A Tesla Meter at
room temperature and it can reach to 0.5 T when the
frequency is fixed at 10 Hz. During annealing under
the AC magnetic field the specimens were arranged
with the interface of bonding perpendicular to the lines
of magnetization. Fig. 1 shows the schematic draw-

ing of the experiment arrangement. Following anneal-
ing the Al-Cu diffusion couples were cut normal to the
bonding interface and the sections were polished and
examined by electron probe microanalysis (EPMA).
The thickness of the intermetallics layers was deter-
mined and the values were averaged over 10 different
measurements.

Fig. 2 shows the intermediate phases in the diffusion
zone of the Al-Cu couples observed by EPMA with
and without the application of the AC magnetic field.
It is seen here that the θ , η2 phase and non-equilibrium
phase layer were observed in the diffusion zone both
with and without the AC magnetic field. The formation
of non-equilibrium phase near the Cu side may be
attributed to the annealing time of the diffusion couple
not being long enough to form all the equilibrium
phases given by the equilibrium Al-Cu phase diagram.
So the composition of this phase layer may disagree
with the Al-Cu phase diagram. With the application of
the magnetic field the formation and growth of η2 phase
was promoted and the non-equilibrium phase layer was
narrowed. The magnetic field affects the thickness of
the diffusion zone and promotes the occurrence of the
equilibrium condition of phases, the effect increasing
with intensity of the field as shown in Fig. 3.

The alternate magnetic field has a significant in-
fluence on the formation and growth of intemetallic
compounds in the Al-Cu diffusion couple and the ef-
fect depends on the intensity of the magnetic field al-
though the exact mechanism(s) by which this occurs
is not clear at this time. Some investigators [11, 12]
have given theoretical analyses for the layer growth
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Figure 1 Schematic of experiment arrangement.
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Figure 2 Intermetallic compounds growth in Al-Cu couple with the
bonding interface perpendicular to the lines of magnetization: (a) B =
0 T and (b) B = 0.5 T.
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Figure 3 Thickness of diffusion layer vs. intensity of the AC magnetic
field.

of the intermediate phases in a diffusion zone. An
intermediate-phase layer will grow more rapidly as:
(a) the diffusion coefficient in the layer is larger;
(b) the coefficient in the adjoining phases is smaller.
One might expect an influence on the diffusion of
the atoms especially the interdiffusion of Al and
Cu atoms in intermetallic compounds as a result
of the force exerted by the magnetic field on the
ions and electrons in the solids because the atomic
transport is required during the formation and growth
of intermetallic compounds. Under the AC magnetic
field the interdiffusion coefficients of Al and Cu atoms
in the η2 phase layer is increased.

Additional work is in progress to develop an under-
standing of how an AC magnetic field influences the
formation and growth of intemetallic compounds in dif-
fusion couples.
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