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Eledrochemicd machining (ECM) or eledrochemicd
shapingin its different forms (e.g. cavity sinking, drilli ng,
trepanning, deburring) is one on the non-conventional
methods of metal removal. The fad that this method is
independent from mechanicad material parameters like
hardness and strength makes it particularly suitable for
shaping refradtory metals.

Usually direa current (DC) is applied for anodic
metal dissolution. In the cae of materials causing
problems due to pronounced passvation different forms
of current (e.g. monopolar or bipolar pulses) have been
evaluated.

To dsolve tungsten carbide unipdar anodic
pulse arrent was found to be advantageous. Even better
disolution rates were adieved by using a sequence of
positive and negative recdangular pulses (bipdar pulse
current) [1,2]. Thistype of current isdifficult to usein
most industrial applicaions. For this reason, experiments
with alternating current (AC) were mnducted, e.g. for the
disolution of nickel-iron aloys[3]. It was found that
using AC instead of DC resulted in a superior current
efficiency. Even metals belonging to the platinum-group
could be dislved by AC treatment [4].

The problem arising with the goplication of AC
is caused by the fad that in this case (different to DC
methods) not only the workpiece (working eledrode) is
exposed to anodic dissolution (corrosion), but also the
toal (auxili ary electrode). Thisresultsin a metal removal
from the surfaceof the auxiliary electrode and conse-
guently adimensional change of the todl. Reports of
stability tests show quite different and even contradictory
results: one group of authors describes graphite as a stable
material under AC conditions [1] whil e another team [5]
regards graphite @ non-stable under these drcumstances.
It is evident that stabili ty of a material serving as auxili ary
eledrode depends on experimental parameters like
temperature and the chemicd nature of the dedrolyte
system. In the best case the anod ¢ dissolution of the
material is disabled to such an extent that at positive
potentials oxygen evolution occurs rather than oxidation
of the metal (or other conductive material).

This paper deds with a series of experiments
evaluating the stabili ty of a number of metals and
compasitesin an alkaline system in combination with a
molybdenum working electrode and alternating current.
To obtain a dealy defined current density the test
materials were embedded in epoxy resin and the free
planar surface(0.3 to 0.5 cm?) was ground and pdi shed.
The working eledrode was made from molybdenum sheet
and covered with an insulating epoxy resin too, leaving a
freesurface aeaof 4 cm? The dedrodes were immersed
in 4 molar KOH serving as electrolyte. The distance
between the eledrodes was 10 mm (max.). Before the
eledrodes were mnnected to the AC current sourcethe
weight was determined by means of an analytical balance
During the experiment measurements of the main
parameters influencing the result were conducted:

voltage, current, time, and temperature. To obtain
comparable results for all test materials a current density
of 5 A.cm? was chosen and this current density was kept
constant for the whole experiment.

The foll owing table shows the names, chemicd
compasitions, and densities of the investigated materials.

Table 1: Auxiliary eledrode materials

Material Composition Density
Wt% g.cm
Nickel Ni, 99.9 8.9
WC/zZrC- | 51WC/40ZrC/9Co,Ni,Cr 9.7
cemet
Ti(C,N)- 62Ti(C,N)/10Ta(Nb)C/15 6.5
cemet WC/13Co,Ni,Cr
Nickel L314| Ni41Fe32Cr20M 02.5Cu2 7.9
Zr N-cermet 83ZrN/17Ni,Cr 7.5
TiN-cermet 80TiN/10Ti/10Ni 55
CoCr-alloy Co65Cr27M 06 7.0
HES5S synth. graphite ~1.7
HE41 synth. graphite
HEB83 synth. graphite
gold — Au/AgCuPdzn 185
dental alloy
TiB,- unknown 4.6
camet

Fig. 1 dsplaysthelinea disolution rate (in
mm.h™) for all the materials tested under the previously
described conditions.
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Fig. 1: Dislution rates of test materials
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1a0,0,0,9,0.0,0,0,0,0,0,:0.9.0,0.0,0.9.0.9,0,0.0,0.9,0,9,0.0.0,0.0,0,0,0,0.9,0.9,0.0,0,0.9,0.4
119,0,0.0,0.0,0.0,0,0,0,0,9,0,0.0,0.9,0,0,0,0,0,0,0,0.0,.0,0,.0,0.0,0,0,0,0,0,0.0,0,0,0,0,0,0.4
119,0,0.0,0,0,0.0,0,0,0,:0.9,0,0.0,0.9,0,0,0,0,0,0,0,0.0,0,0,.0,0,0,0,0,0,0,0,0.0,0,0,0,0.0,0.4
119,0,0.0,0.0,0,0,0,0,0,0.9,0,0.0,0.9,0,0,0,0,0,0,0,0.0,0,0,.0,0,0,0,0,0,0,0,0.0,0,0,0,0,0,0.4
119,0,0.0,0.0,0,0,0,0,0,0.9,0,0.0,0.9,0,0,0,0,0,0,0,0.0,0,0,.0,0.0,0,0,0,0,0,0,0,0,0,0,0,0,0.4
119,0,0.0,0.0,0,0,0,0,0,:0,0,0,0.0,0.9,0,0,0,0,0,0,9,0.0,.0,0,.0,0.0,0,0,0,0,0,0.0,0,0,0,0.0,0.4
119,0,0.0,0,0,0,0,0,0,0,0,9,0,0.0,0.9,0,0,0,0,0,0,9,0.0,0,0,.0,0,0,0,0,0,0,0,0.0,0,0,0,0,0,0.4
1a0,0,0.9,0.0,0,9,0,0,0,:0.9.0,0.0,.0.9.0.9,0,0,0,0.9,0,9.0.0.0,0.0,0,0,0,0.9,0.9,0.0,0,0.9,0.4
1a0,9,0.9,0.0,0,9,0,0,0,:0.9,0,0.0,.0.9.0.9,0,0,0,0.9,0,9,0.0.0,0.9,0,0,0,0.0,0.9,0,0,0,0.9,0.4
1a0,0,0,9,0.0,0,0,0,0,0,:0.9.0,0.0,0.9.0.9,0,0.0,0.9,0,9,0.0.0,0.0,0,0,0,0.9,0.9,0.0,0,0.9,0.4
1a0,0,0.9,0.0,0,0,0,0,0,:0.9.0,0.0,.0.9.0.9,0,0,0,0.9,0,9.0.0.0,0.9,0,9,0,0.0,0.9,0.0,0,0,9,0.4
1a0,0,0.9,0.0,0,9,0,0,0,:0.9,0,0.0,.0.0.0.9,0,0,0,0.9,0,9,0.0.0,0.9,0,0,0,0.0,0.9,0,0,0,0.9,0.4
1a0,0,0.9,0.0,0,0,0,0,0,:0.9,0,0.0,0.9.0.9,0,0,0,0.9,0,9,0.0.0,0.0,0,0,0,0.0,0.0,0,0,0,0.9,0.4
119,0,0.0,0.0,0,0,0,0,0,:0.0,0,0.0,0.9,0,0,0,0,0,0,0,0.0,0,0,.0,0.0,0,0,0,0,0,0.0,0,0,0,0,0,0.4
119,0,0.0,0.0,0,0,0,0,0,0,9,0,0.0,0.9,0,0,0,0,0,0,0,0.0,0,0,.0,0.9,0,0,0,0,0,0.0,0,0,0,0,0,0.4
119,0,0.0,0.0,0.0,0,0,0,0.9,0,0.0,0.9,0,0,0,0,0,0,0,0.0,0,0,.0,0,0,0,0,0,0,0,0.0,0,0,0,0,0,0.4
119,0,0.0,0.0,0,0,0,0,0,:0.0,0,0.0,0.9,0,0,0,0,0,0,9,0.0,.0,0,.0,0.0,0,0,0,0,0,0.0,0,0,0,0,0,0.4
119,0,0.0,0.0,0,0,0,0,0,:0.0,0,0.0,0.9,0,0,0,0,0,0,0,0.0,0,0,.0,0.0,0,0,0,0,0,0.0,0,0,0,0,0,0.4
119,0,0.0,0.0,0.0,0,0,0,:0.9,0,0.0,0.0,0,0,0,0,0,0,0,0.0,0,0,.0,0,0,0,0,0,0,0,0.0,0,0,0,0,0,0.4
1a0,0,0,9,0.0,0,0,0,0,0,:0.9.0,0.0,0.9.0.9,0,0.0,0.9,0,9,0.0.0,0.0,0,0,0,0.9,0.9,0.0,0,0.9,0.4
1a0,0,0.9,0.0,0,9,0,0,0,:0.0.0,0.0,0.9.0.9,0,0,0,0.9,0,9.0.0.0,0.0,0,9,0,0.0,0.0,0,0,0,0.9,0.4
1a0,0,0.9,0.0,0,0,0,0,0,:0.9.0,0.0,.0.9.0.9,0,0,0,0.9,0,9,0.0.0,0.9,0,0,0,0.0,0.0,0,0,0,0.9,0.4



