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Abstract

The new electrolytic dissolution in batch of aluminum alloys samples as grains or turns and the determination of Fe, Cu, Mn, Mg, Cr,
Ni, Zn, Pb and Ti by ICP OES was investigated. In on-line electrodissolution procedures described in the literature, samples were restricted
to be in the form of solid blocks or plates with one polished flat face. Here, the sample was loaded in the barrel of a modified disposable
syringe (the anodic semi-cell) and pressed with a modified plunger fitted with a platinum disk to establish electrical contact with the analyte.
This arrangement was introduced in a beaker containing the electrolyte (IfidNOs) and a platinum wire as the cathode. The resulting
solution from electrodissolution (0.6 A) was used for the ICP OES determinations. The influence of the aluminum concentration increase on
the determination of the elements was evaluated. Electrodissolution of certified reference materials and commercial samples revealed relative
errors lower than 10% for the elements Fe, Cu, Mg, Ni, Cr, Zn and Ti (when their content is above 0.1%). Higher inaccuracies (>10%)
were observed for Mn and for Fe in B.C.S. 268/1 reference material certified. The proposed method presented a relative standard deviations
(R.S.D.) lower or circa 10% to all of the elements (except Pb). In comparison with traditional acid dissolution, the proposed electrodissolution
method is relatively fast (about 30 min), itis clean (there is no projection of solution) and simple (heating and fumes exhaust system were not
necessaries).
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction alloys was proposed by Yuan et ] for the determination
of Cu by FAAS and for the determination of Zn, Si, Fe, Mn,
Decomposition or dissolution of metal samples is the step Cr, Mg and Cu by ICP OE$5]. A modified electrodissolu-
that takes most time in spectroscopic methods like ICP OES, tion cell was proposed by Bergamin and co-worKétsand,
FAAS or ICP MS. Electrolytic dissolution has been proposed since then, it has been mentioned in all others papers with
as an alternative to accelerate sample dissolution procedure osome variations in manifold systerj&-15].
some metals or alloys, in batch mgde?] and on-line mode The on-line approach is very convenient because the out-
[3—15]. On-line electrolytic dissolution system was first pro- let of the electrochemical flow cell can be introduced directly
posed by Bergamin et dB] for the determination of soluble in the torch of the ICP or flame atomic absorption spec-
aluminium in steels and that cell was used in procedure of trometry and the whole procedure takes a few seconds or
the subsequent papd#s-6]. Electrodissolution on-line of Al minute[3—-15]. However, the metal sample must present at
least one flat and smooth face with an available free circu-
mpondmg author. Tel.: +55 21 11 3816 9338: lar area of, typically, 1cm in diamgter, .to .be clipped \{vith-
fax: +55 21 11 3816 9325. out leakage to the cell. The nonuniformity in the material of
E-mail addresstgrigole@ipen.br (T. Grigoletto). samples caused by their physicochemical properties (limited
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solubility of components, impurities in the matrix solid so- Thus, the interference of growing aluminum concentration
lution, formation of various structural components, etc.) was on the determination of the other elements was evaluated.
not taken into account in flowcells propod@é]. Aluminum

alloys are systems that can have various elements on the2.2. Total-acid dissolution

composition and diverse phases can be present. The alloy-

ing elements can be divided into three groups: (1) Cu, Mg  All aluminum alloys were also dissolved by conventional
and Zn, which form solid solutions with Al, constituting one chemical dissolution in order to compare the results with
phase; (2) Si and Sn, which form eutectics, constituting two electrodissolution samples. One of the most general meth-
phases; (3) Fe, Mn, Ni, Cr and Ti, which are not very sol- ods applied as dissolution procedure includes a combination
uble in Al, forming different phases or intermediary com- of HCland HO», but this approach may not completely dis-
pounds (e.g. AlFe) [17]. Also, with some frequency, not  solve all elements. The method used here was a mixed acid
only the samples but also standards are available in the formof HCI and HNG; (aqua regia) and the addition o8, to

or powder, sawing, grains, particles, turns, wires, sponge orensure total oxidation of all components (except Si) of the
chips. The effect of the nonuniformity could be decreased by alloy [19]. An open vessel acid dissolution was used: aqua
a longer time and a larger mass submitted to the electroly-regia (10 mL) was slowly added to 500 mg of Al alloy grains
sis, but not the electrodissolution preference of elements inand, after the reaction subsided, the mixture was boiled for
different phases. 20 min. Then, 5 mL of HHO, was added and boiling was re-

In this work, a new electrochemical cell is evaluated to peated. The solution was filtered (Si) and the residue was
deal with these forms, avoiding the need (and contaminationwashed with small portions of hot water. All portions were
risks) of melting such materials and machining them to per- collected in a beaker, evaporated up to reduction to ca. 20 mL,
mit their electrodissolution using the flow cells described in transferredto a50 mL volumetric flask and diluted with water.
the literature. Electrodissolution of small metal particles was These solutions, or the ones resulting from a 10 times dilu-
proposed in combination with ICP OES for the determina- tion, were used for determination of the elements of interest
tion of elements Fe, Cu, Mn, Mg, Cr, Ni, Zn, Pb and Tiin by ICP OES. Attacks of the Si residue with HF, posterior
aluminum alloys. The effect of the aluminum concentration dissolution with 1 M HNQ and addition of the resulting so-
on the determination of the studied elements was evaluatedution to that evaporated for reduction of the volume, have not

[18]. showed differences to be taken into account in the analytic
results.

2. Experimental 2.3. Anodic semi-cell

2.1. Reagents, standards and samples 2.3.1. Apparatus

A simple device was constructed to establish electrical

Nitric acid of analytical-reagent grade was used for prepar- contact with the aluminum sample (grains, powder, turns,
ing 1.0mol L1 nitric acid electrolyte. All solutions were  chips, etc.). The plunger of a 2.5 mL polypropylene dispos-
prepared with distilled, deionized water (Milli-Q). Titrisol  able syringe was replaced by a modified plunger consisting
(Merck) metal standard solutions and nitric and/or hydrochlo- of a Perspex rod with two longitudinal perforations: one in
ric acids of analytical-reagent grade were used in the prepa-the center, for the insertion of a platinum wire to establish
ration of the calibration solutions for ICP OES whenever electrical contact with the sample; the second one, out of the
necessary. center and emerging radially near the lower end of the rod

The analyzed samples were five certified reference mate-(Fig. 1) serving as a conduit for the electrolyte entrance. The
rials of Al alloys from British Chemical Standards (B.C.S. Pt wire tip was wound to form a spiral. A silicone disk was
no. 182/2, 216/2, 263/2, 268/1 and 380) and Al commer- inserted between the Perspex rod and the Pt spiral, to add
cials alloys: (a) alloy T, from Metal Leve Ltd. (Brazil); (b) some flexibility and a piece of platinum foil, folded to the ap-
alloy nos. 2024 and 7075, from Instituto de Pesquisas Tec-proximate shape of a disk, was added to the spiral to improve
nologicas do Estado dea® Paulo (Brazil); (c) alloy no. the electrical contact area with the grains.
6061/T6, from Alcoa Alurimio S.A. (Brazil). The following To enhance electrolytic conductance (redudingR po-
samples present high Si content: B.C.S. 182/2 (with 11.02%), tential drop and heat dissipation) the Luer-Lock tip of the
B.C.S. 268/1 (with 5.49%), B.C.S. 380 (with 2.00%) and T barrel was cut-off and eight extra perforations were drilled
(with 11.0-13.0%). around the barrel near the tip. To avoid the loss of sample

Alloys, certified or not, were dissolved anodically by grains through the holes, the bottom of the modified barrel
the proposed method. Five solutions were prepared with in- was lined with a circular piece of Perlon synthetic wool that
creasing concentrations of aluminum (1.2, 2.2, 4.2, 6.2 and covers all the holes, acting as a filter.
8.2 mgmL~1) and constant concentrations of the minor con- A modified syringe barrels with a Perlon plug inside was
stituents (20QugmL~1 of Mg; 80ugmL~1 of Fe, Cu, Cr prepared and loaded with sample grains. The plunger with
and Ni; 100ug mL~1 of Mn, Zn and Ti; 20ug mL~1 of Pb). the Pt disk was inserted in one barrel at a time and firmly
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Fig. 2. Schematic drawing of the electrodissolution system: (1) dc-power
source; (2) digital multimeter; (3) peristaltic pump (four-channel) with Tygon
tubing (flow rate 4.5 mL min?); (4) cathode made from Ptwire; (5) direction

of the electrolytic solution flow in the polyethylene tubing (Fdl mm); (6)
anode semi-cell with the sampleig. 1);(7) beaker flask (capacity =50 mL)
with electrolytic solution (1 M HN@, 15 mL); (8) ice-water baths; (9) loop

of tubing inside an ice-water bath.

Fig. 1. Cut drawing schematized of anode semi-cell: (1) Pt wire (to es-

tablish electrical contact); (2) electrolytic solution inlet (idl mm); (3) level of contaminants and problems with the operation of the
teflon tape to seal the two parts; (4) 2.5mL disposable syringe barrel of manlpulauOh (emlttlng Vapour dunng electrolyze) and Of the
(i.d.=0.8cm and o.d. =1.0 cm); (5) electrolytic solution pathway; (6) small plasma torch.

furrow (lengh=2cm); (7) silicone disk (height=0.8.cm); (8) acrylic rod .
piston (0.d.=0.7 cm); (9) platinum disk (electrical contact with the sample); A Sequentlal SpeCtrOﬂame Modula argon ICP spectrome-

(10) sample material; (11) one of the eight electrolytic solution outlet holes ter from SPECTRO Co. equipped with a Meinhard concentric
(i.d.=2mm); (12) disk of Perlon tissue; (13) bottom electrolytic solution nebulizer was used throughout. The instrumental parameters

outlet (cut-off tip of syringe, i.d.=0.5cm). for ICP OES are given iffable 1

pressed against the grains to establish electrical contact withble 1
Instrumental parameters for ICP OES

the sample.
Some turns of Teflon tape wrapped around the Perspex rodPower W) 1200
d to adjust its diameter to assure pressure fitting into theomervatlon height (mm) 12
bl J p g Integration time (s) 10
barrel. Aspiration solution rate (mL mint) 15
A laboratory clamp was used to hold this anodic semi- Ar flow-rate coolant (mL min?) 12
cell in a beaker containing a platinum wire as a cathode. Ar flow-rate auxiliary (mL _milrfl) 12
The electrolyte was recirculated externally with an Ismatec A" flow-rate carrier (mL min™) 10
Reglo peristaltic pump at_aflow ratg of4.5 mL minA Gold Element Wavelength (nm)—LODug mL—Y)
Star DM-332 3 1/2 digit digital multimeter (in the 2 A range)
. . . - Fe 261.187-0.27
was connected in serieBig. 2) with a power source Phillips - 294.700-0.047
model 1512 (0-3.5A, 0-35V) that was adjusted to deliver g 293.654-0.40
0.6A. Mn 239.930-0.060
The beaker and one loop of the pump tubing circuit were Cr 284.325-0.080
immersed in an ice-water bath to absorb the heat dissipated' 352.454-0.067
during electrolysis; this reduces HNGQvolatilization and Zn 334.502-0.37
inng ySIS, . : P 283.308-0.28
eliminates softening of the Tygon tubing used in the peri- T 337.280-0.067
staltic pump (no expensive Viton tubes needed). Alterna- Al 236.705-5.13
tively, to the water bath, higher concentrations of Hi\tan LOD =10x standard deviation of the background expressed as concentration

1.0 mol L1 could be used to diminishx Rheat dissipation, in solution (limit of detection).
but this would imply more reagent consumption, increased # Background correction.
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2.3.2. Electrodissolution procedure either from certified reference materials or by one of their de-
A mass of about 100 mg of Al alloy sample, e.g. 50 meshes termination in an acid-totally dissolved sample with similar
grains, was introduced in the modified barrElg. 1) and composition. Thus, the concentration of the Al did not need
placed on the Perlon wool. A series of syringe barrels with a to be determined.
sample inside would be prepared to speed up the change of
samples.
The modified plunger with the platinum contact was in- 3. Results and discussion
serted and this anode was connected to the electrodissolution
system as already describé&dd. 2). The peristalticpumpwas  3.1. Aluminum interference
switched on (4.5 mL mint) and once the HN@electrolyte
solution (1.0 mol 1) started to flow through the sample, The interference of an increasing concentration of alu-
reaching the beaker, a current of 0.6 A was applied for 10 min. minum in the matrix used for the determination of Fe, Cu,
During electrodissolution, the formed metal ions are carried Mn, Mg, Cr, Ni, Zn, Pb and Ti by ICP OES was very small
by the flow, first to the solution in the beaker, then to the exter- and similar for all elements. Low values for the highest Al
nal pumping circuit and back to the barrel. After switching concentration studied (8.2 mgmt) was met, but that did
the current off, the cell was maintained undisturbed, under not exceed 8%. At about 4mgmt, no interference was
electrolyte flow, for three more minutes. This was found ef- observed and near 2 mgmt, a little higher result than the
ficient to assure chemical oxidation and dissolution of any nominal was found (below 4%). Considering that in the prac-
metal deposited on the Pt cathode during electrolysis. Thetice the variation of the Al concentrations in the matrix re-
solution contained in the external tubing was pumped back sulting from the electrodissolution of the samples under con-
to the flask and the anode semi-cell was removed. A restsideration was in the explored range, it can be concluded that
period of about 20 min was applied to allow suspended gasthis interference could be disregarded. In other words, there
bubbles to escape and insoluble Si to settle. was no need of a laborious fine matrix matching procedure
For Al alloys with high Si contents, it remained as inthe preparation of the calibration and sample solutions for
suspended insoluble fraction and was filtered-off (medium the ICP OES measurements.
porosity filter paper) before the determination by ICP OES.
Dilution was necessary (2 when the determination of [Al] ~ 3.2. Electrolytic dissolution
in the solution electrodissolved was made.
The average values and the relative standard deviation of
2.4. Quantification three independent determinations of the elements Fe, Cu, Mn,
Mg, Cr, Ni, Zn, Pb and Ti by ICP OES with total-acid dissolu-
Accurate weighing of the alloy sample is of limited utility ~ tion of Al alloys and with electrodissolution are presented in
for quantification because it is usually not possible to oxidize Tables 2 and.For all of the elements dissolved both methods
the grains completely, since some particle loss contact with of quantification — using the concentration ratio procedure
the platinum disk. Also, as it is known, the electrodissolved betweenC;j andCy or betweerC; and XCj — gave similar
mass cannot be accounted by the Faraday’s law because of theesults. So, only results obtained by concentration ratio be-
occurrence of parallel reactions like gas evolution. However, tweenC; and%C; are presented in tables. For these calculus
certified reference materials with a composition similar to all elements determined must be dissolved. For example, the
the unknown sample can be used for calibration purposesresidue obtained by electrodissolution of the B.C.S. 268/1 al-
[6]. The chemical composition of the alloy can also be found loy was brown, not black as expected if only Si were present,
using a multi-elemental technigue for the determination of and the determination indicated that Fe and Mable 2
all elements of the alloj7]. were not completely dissolved. When values were calculated
Aluminum is in large excess against other elements and without Fe and Mn, the obtained results for the other elements
its grade is characteristic for each alloy type. Therefore, were better (E.d. iffable 2.
the concentration of the minor elemean{%k;) in the al- Values of relative standard deviations (R.S.Ds.) of three
loy can be obtained using the concentration ratio proceduredeterminations in all electrodissolved Al alloys (certified or
[%E; =Ci/Cal x (%Al)] betweenC; andCp (concentrations ~ commercial samples) were lower than 10% for elements Fe,
in electrolytic solution of the elememtand the Al matrix) Cu, Mg, Mn, Cr (present only in one certified reference ma-
[20]. terial), Ni, Zn and Ti with concentrations >0.1%. For Pb,
In this study, it is proposed to calculateE)y concentra- R.S.Ds. were higher than 10% due to the spectral analytical
tion ratio betweer€C; and=Cj (the sum of concentrations of ~ region and background correction.
all elements determined in the electrodissolved sample with  For the lower concentrations of Mg in samples, observed
exception of Al) and from the known sum of concentrations in the alloys B.C.S. 182/2 and 38Wgble 2, higher results
of these determined elements in the all®4E;), when two were obtained. Probably, this is because the spectral line of
or more elements are determinedg? Ci/XC;j x (X%F)]. 293.654 nm was chosen taking into account a higher Mg con-
The required known sum of concentrations can be achievedcentration in most samples. Selection of a more sensitive



Table 2

Certified values, average and the relative standard deviation of three determinations by ICP OES (A.d.: total-acid dissolved; E.d.: elgcisdgiioad) and-value to E.d.

Al alloy Fe (%) Cu (%) Mn (%) Mg (%) Cr (%) Ni (%) Zn (%) Pb (%) Ti (%)

B.C.S. 182/2
Certified 0.4% 0.02 0.045+ 0.004 0.210+ 0.01 0.075+ 0.006 0.055+ 0.005 0.100+ 0.006  0.050+ 0.003 0.11+ 0.007
Ad. 0.464+ 0.005 0.041+ 0.001  0.210f 0.010 0.080t 0.001 0.059+ 0.002 0.100+ 0.002  0.042+ 0.001  0.115t 0.001
E.d. 0.482+0.004 0.040+ 0.010  0.187+ 0.002  0.120+ 0.010 0.049+ 0.003  0.106+ 0.006  0.046+ 0.007  0.096+ 0.001
z(E.d) 0.6 1.25 2.3 7.5 1.24 1.0 13 2.0

B.C.S. 216/2
Certified 0.28+ 0.01 4.56+ 0.01 0.71+ 0.01 0.75+ 0.01 0.17+ 0.01 0.20+ 0.01 0.040+ 0.004  0.037+ 0.002
A.d. 0.263+ 0.008 4.41+ 0.05 0.712+ 0.005 0.73+ 0.07 0.16+ 0.01 0.20+ 0.02 0.032+ 0.004  0.030+ 0.002
E.d. 0.281+ 0.016 4.57+ 0.06 0.710+ 0.021 0.74+ 0.04 0.17+ 0.01 0.21+ 0.03 0.043+ 0.010 0.047+ 0.013
z(E.d) 0.1 1.0 0 1.9 0 1.0 0.75 5.0

B.C.S. 263/2
Certified 0.2+ 0.01 0.019+ 0.001 0.36+ 0.01 4.67+ 0.04 0.074+ 0.004 0.056+ 0.002 0.022+ 0.002
A.d. 0.256+ 0.002  0.017+ 0.001  0.380+ 0.001 4.49+ 0.06  0.0803+ 0.0001 0.056+ 0.001 0.017+ 0.001
E.d. 0.248+ 0.007  0.021+ 0.001  0.340+ 0.001 4.69+ 0.03 0.0686+ 0.0011 0.059+ 0.004 0.009+ 0.001
z(E.d.) 1.2 15 24 0.5 1.35 15 6.7

B.C.S. 380
Certified 1.15+ 0.03 0.90+ 0.02 0.018+ 0.002 0.18+ 0.01 0.91+ 0.02 0.011+ 0.001 0.22+ 0.01
A.d. 1.10+ 0.04 0.87+ 0.01 0.015+ 0.002  0.184+ 0.006 0.86+ 0.02 0.009+ 0.001 0.217+ 0.006
E.d. 1.10+ 0.01 0.91+ 0.02  0.0085+ 0.0004 0.22G+ 0.010 0.94+ 0.02 0.011+ 0.002 0.20+ 0.02
z(E.d) 1.7 0.5 4.75 4.0 15 0 2.0

B.C.S. 268/1
Certified 0.47+ 0.01 1.35+ 0.02 0.24+ 0.01 0.49+ 0.02 0.16+ 0.01 0.028+ 0.001  0.028+ 0.002 0.008
A.d. 0.44+ 0.03 1.36+ 0.01 0.24+ 0.01 0.47+ 0.01 0.15+ 0.01 0.024+ 0.001  0.023+ 0.001 <0.008
E.d. 0.090+ 0.009 1.67+ 0.01 0.13+ 0.00 0.64+ 0.01 0.16+ 0.01 0.035+ 0.002 0.038t 0.010 <0.001
E.d. (without Fe and Mn in calculus) 1.350.01 0.51+ 0.01 0.14+ 0.01 0.028+ 0.001  0.040+ 0.009 <0.001
z(E.d.) - 0 - 1 2.0 0 6.0

16/-16/ (S002) L9 eluelel / ‘e 1 onajobuo "L

S6.
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Table 3

Average and relative standard deviations of three determinations by ICP OES (A.d.: total-acid dissolved; E.d.: electrolytically dissolved)

Ni (%) Zn (%) Pb (%) Ti (%)

Cr (%)

Mg (%)

Cu (%) Mn (%)

Fe (%)

Al alloy

<0.0007
<0.001

0.0145t 0.0001

<0.004

0.90+ 0.02 0.0140+ 0.0001

0.0091+ 0.0009 1.18+ 0.01 0.0056+ 0.0007
<0.0012

1.09+ 0.17

0.53+ 0.01

A.d.

0.012+ 0.001

0.86- 0.01

1.17+ 0.01 0.0019+ 0.0003 1.16+ 0.01

0.51+ 0.01

E.d.
2024

<0.0007
<0.001

0.0144+ 0.0023

<0.004

3.17+ 0.06 0.34+ 0.02 1.54+ 0.01 0.036+ 0.002 0.043+ 0.003 0.57+ 0.03

0.159+ 0.003

A.d.

0.036+ 0.003 0.56+ 0.06

3.29+ 0.08 0.34+ 0.02 1.53+ 0.09 0.035+ 0.011

0.152+ 0.001

E.d.
7075

<0.0007
<0.001

0.022+ 0.002

2.28+ 0.09 0.060+ 0.002 241+ 0.01 0.30+ 0.01 0.015+ 0.002 4.79+ 0.20
<0.004

0.17+ 0.01

A.d.

478+ 0.23

0.18+ 0.01 2.26+ 0.07 0.045+ 0.007 2.49+ 0.19 0.25+ 0.02 0.011+ 0.002

E.d.
6061
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0.008% 0.0001

<0.001

<0.003
<0.004

0.019+ 0.000

0.0018+ 0.0003

0.232+ 0.001 0.0414+ 0.002 0.85+ 0.02 0.099+ 0.001
<0.001

0.17+ 0.01

A.d.

0.01% 0.001

0.245+ 0.006 0.033t 0.001 0.87+ 0.01 0.090+ 0.001

0.15+ 0.01

E.d.

spectral line with a more linear answer for minor concentra-
tions of Mg may eliminate this error source.

Significance Tests denoted byre common as statistical
tests for comparing sets of data with the certified value of
the reference materials. Valuesfvere calculated and are
given inTable 2 If the value ofz falls within the region of
the normal curve at 95% confidence level, z&.1.96, the
mean concentrations of the element determined and the ref-
erence materials certified are not significantly different. The
calculated values of (Table 2 for the elements Fe, Cu, Mg
(concentration >0.2%), Cr, Ni and Zn do not exceed the tab-
ulatedz-value of 1.96. Thus, a good agreement was obtained
between the results for those electrodissolved elements deter-
mination and the values of the certified reference materials.
For Ti with concentration >0.1%:value was 2.0. Itis near
at 95% confidence level (1.96) and the analytical results can
be considered. For Plz;value is good when concentration
>0.04%, but the R.S.Ds. were higher than 10% as mentioned
above. Then, the determination of Pb, in the concentration
level of the sample here analyzed it is not recommended.

The results for the element Mn were lower than those ex-
pected for the majority of the samples and higher inaccuracies
were eventually observed for Fe and Mn in B.C.S. 268/1, as
mentioned above. Those elements in that alloy have the dis-
solution incomplete, probably because the electrodissolution
depends on the phases where Fe and Mn are present in the
Al alloy. Therefore, the determination by ICP OES of Mn
in electrodissolved Al alloys is not recommended, nor it is
for those elements, which are present in lower concentrations
(Pb, Ti).

4, Conclusion

In this work, the electrolytic dissolution of aluminum in
batch and alloys in chip or grain form proved to be a sim-
pler, faster and cleaner method (no projects solutions) than
the conventional acid dissolution procedure, with compara-
ble effectiveness. After electrodissolution of a small amount
of the sample, ICP OES could determine minor metal con-
stituents of alloys [Fe, Cu, Mg, Cr, Ni, Zn and Ti (>0.1%)]
as well as aluminum.

For metal alloys exhibiting unselective anodic oxidation
of the components to be measured, the method proposed here
might possibly be adapted to on-line operation with a mixing
chamber before the torch of a simultaneous reading ICP OES.
The method is not restricted to aluminum alloys. The search
for an electrolyte that prevents passivation deserves to be
considered.

The method described here for electrodissolution of Al
alloys is slower than procedures on-line described in the lit-
eraturg5,6]. But, these procedures were restricted to samples
in the form of solid blocks or plates, with at least one polished
flat face. Thus, the capability of dealing with samples in var-
ious forms frequently used in practice like chips, turnings,
wire sponges or coarse powders (eventually, fine compacted
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powders) is a definite advantage over the previously described [9] J.B.B. Silva, M.B.O. Giacomelli, A. Lehmkuhl, A.J. Curtius, R.R.U.

forms of flow electrodissolution.
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