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In this study, the Mg alloy WE43 was solution annealed and precipitation hardened prior to electropolishing to
evaluate the effects of different microstructures on the electropolishing result. While coarsely distributed pre-
cipitates led to surfaces showing wavy structures and dents after electropolishing, a uniform microstructure
resulted in an even finish of the surface. The homogenization and refinement of the microstructure by heat
treatment is a method to ensure improved electropolished surfaces of Mg materials.

1. Introduction

The high specific strength and good castability of Mg rare earths (RE)
alloys make them one of the most promising lightweight materials in a
variety of engineering applications [1]. By using specific selected RE
metals, the Mg-alloy WE43 is of great interest for biodegradable im-
plants because it shows good biocompatibility, appropriate mechanical
properties and adequate corrosion stability [2].

There are many methods to improve the corrosion resistance of Mg
materials, including alloying, processing, surface modification, etc.
[3-5]. Electropolishing developed into a promising surface treatment, as
the degradation behavior can be optimized by levelling the surface and
forming a more stable oxide layer [6-8]. However, although electro-
polishing of steel is well known, studies about electropolishing of Mg
materials are very rare. As we have seen in our previous study [7], local
property changes in the microstructure are limiting the quality level of
surface treatment and cause irregularities on the electropolished surface
which can be decisive for subsequent corrosion processes. Local prop-
erty changes are caused by secondary phases which can vary in shape,
size, density and distribution [9,10]. The precipitates observed in Mg-Y-
Nd alloy have already been characterized in detail [10-12]. To achieve a
more homogeneous microstructure, many studies performed heat
treatments such as solution annealing or precipitation hardening on
WE43 [13,14]. However, the correlation of bulk heat treatment and

surface morphology after electropolishing have not yet been investi-
gated for Mg alloys.

In this study WE43 has been heat-treated with the aim to improve the
quality of the electropolished surface by homogenizing and refining the
microstructure.

2. Materials & methods

Cast WE43 (F) was used with the following composition: Y 4.8 wt%,
Nd 2.1 wt% and Zr 0.1 wt% (LMpv, D-Dermbach). Before heat treat-
ment, the ingot was cut into 25 x 10 x 10 mm blocks and wrapped in
steel foil to prevent oxidation.

The specimens were first solution-treated (T4) at 540 °C for 4 h and
quenched with water at 21 °C. Half of the solution-annealed samples
were then immediately precipitation-hardened (T6) at 300 °C for 1 h
and cooled in air. These parameters were chosen to keep the ageing time
low, albeit finer precipitates could be produced at lower temperatures
for longer periods.

For microstructural studies, WE43-F, WE43-T4 and WE43-T6 sam-
ples were ground with SiC paper up to P2500 and then polished with 3
um and 1 ym diamond suspensions and with 0.03 pm colloidal silicon
dioxide. Finally, the surfaces were etched with a solution of 20 ml acetic
acid, 19 ml water, 1 ml nitric acid and 60 ml ethylene glycol.

Electropolishing was carried out at 21 °C in an electrolyte of
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phosphoric acid (85 vol%), ethanol (99 vol%) and deionized water in a
ratio of 40:56:4 at a voltage of 2 V for 10 min [8]. Afterwards, the
samples were rinsed with deionized water and ethanol (94 vol%) and
dried with a blow-dryer.

Optical microscopy (OM) (BX51, Olympus) and the software ImageJ
were used for microstructural analysis and confocal laser scanning mi-
croscopy (CLSM) (LEXT 4000, Olympus) for surface morphology
analysis.

3. Results & discussion

Figs. 1, 2 and 3 show (a) the cross-sectional microstructures of WE43-
F, WE43-T4 and WE43-T6 and (b) the surfaces of the three WE43 con-
ditions after electropolishing, including (c) an exemplary height profile
scan. Detailed analysis of primary grains and precipitates in the as-cast,
T4 and T6 state and a roughness and surface defect investigation after
electropolishing is presented in Fig. 4.

WEA43-F is characterized by a typical cast microstructure of a-Mg
solid solution matrix with unevenly distributed coarse precipitates
(Fig. 1a). Fig. 4a-b shows a mean grain size of 76 ym and an area fraction
of precipitates of 3.7 %, thereby the lengths of precipitates (the largest
dimension) vary between 30-60 um. There are two different pre-
cipitates: The eutectic Mg-Nd-Y phase is visible in gray contrast along
the grain boundaries and intermetallic particles in form of black spots
are distributed non-uniformly at the grain boundaries or in clusters over
several grains. Electropolishing led to a smooth surface with a roughness
S, of 0.08 um but a waviness S, of 5 um (Fig. 4¢). Fig. 1b shows on closer
inspection the formation of spherical dents around the black interme-
tallic phases and wavy structures around the eutectic phases at the grain
boundaries. The wavy structure in detail consists of large pits combined
with spikes observed in the corresponding height profile (Fig. 1c). These
findings indicate uneven surface processing during electropolishing due
to precipitates within the as-cast material. Thereby the largest surface
defect diameter of 48 um correlates with the average dimensions of the

(a)
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eutectic phase (Fig. 4b + d). Beside precipitates, grain boundaries may
also influence the quality of the electropolished surface. In some cases,
grain boundaries were found to be visible after electropolishing, prob-
ably caused by slightly too high voltages during processing, which
should be studied in future.

T4 treatment caused a tenfold increase of the primary grain size but
most of the precipitates to dissolve into the matrix (Figs. 2a and 4a). The
area fraction of precipitates decreased to 0.6 % (Fig. 4b). The eutectic
phase at the grain boundaries has completely disappeared. The black
particles have been reduced in their accumulation but not dissolved.
After electropolishing, the WE43-T4 surface shows also remaining small
black particles, which did not produce defects in form of dents (Fig. 2b).
The CLSM measurement revealed a uniform, mirror-smooth and largely
structureless surface profile (Fig. 2c) with values of 0.01 um for S, and
less than 2 pm for S, (Fig. 4c).

The precipitation hardening did not lead to further grain growth
compared with T4, but the area fraction of precipitates increased to 7.9
% (Figs. 3a and 4a-b). T6 produced a uniform microstructure with a
dense distribution of fine scale needle-shaped precipitates of the previ-
ously dissolved secondary phase, which are now located inside the a-Mg
grains. Fig. 3b shows the electropolished surface of WE43-T6. Despite
the remaining black particles and the increased volume fraction of
precipitates, the surface has no defects in form of pits or dents (Fig. 3c).
The roughness S, is 0.02 um and waviness S, less than 2 pym (Fig. 4c).
This refinement means that there are no more areas in the microstruc-
ture that are subject to increased removal during electropolishing, thus
enabling uniform electrochemical treatment.

4. Conclusion
This study shows that microstructural modification of precipitations
can have a significant impact on the quality of electropolished surfaces

of Mg material. A nearly homogenized WE43-T4 microstructure corre-
lates with lower roughness and less defects of the electropolished
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Fig. 1. OM of (a) the microstructure of the as-cast WE43-F and (b) its surface after electropolishing. CLSM revealed (c) the detailed surface morphology, the more
inhomogeneous the microstructure, the higher the proportion of defects on the electropolished surface.
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Fig. 2. OM of (a) the WE43-T4 microstructure after solution annealing and (b) its surface after electropolishing. CLSM revealed (c) the detailed surface morphology,
the homogenization of the microstructure leads to a mirror-smooth and defect-free electropolished surface.
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Fig. 3. OM of (a) the WE43-T6 microstructure after aging and (b) its surface after electropolishing. CLSM revealed (c) the detailed surface morphology, the
microstructural refinement enables uniform material removal during electropolishing.
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Fig. 4. (a) Mean grain size, (b) length and area fraction of precipitations of WE43 after different heat treatments and (c) surface roughness and (d) size and depth of
surface defects after subsequently electropolishing. No or finely distributed secondary phases led to defect-reduced and smooth electropolished surfaces.

surfaces, approx. 0.02 pm for S, and less than 2 pm for S, compared to
0.08 um and 5 pm for WE43-F. WE43-T6 shows that precipitates can also
enable a uniformly electropolished surface. Thereby, the quantity of
precipitates was not decisive for high surface quality but the size and
morphology of the secondary phases. Precipitate sizes of 30-60 pym
produced surface defects in a similar size range but needle lengths of
about 5 um could be neglected, the electropolished surface quality
appeared the same as for solid solution matrix.
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