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where n is the number of electrons exchanged, D the diffusion
coefficient of Oz, and Coz the concentration of 0Oz in the electrolyte.
Identical results were established within certain limits by Rozenfeld
(6) and Mansfeld (5), although they have found iIJG=Corlst, sipce the
concentration of electrolyte was kept approximately constant during
the experiments. In the present experimental conditions, the
electrolyte changes to a more concentrated one with the drying time,
the solubility of oxygen diminishes, thus a non constant value is to
be expected for that product. This fact is observed and the results
indicate during the period under study a control of the corrosion

process by diffusion of the oxygen through the electrolytexlayer.
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1.INTRODUCTION

The Electric-discharge Machining (EDM) is an important
industrial process.In the EDM process the preforme or part to
be machined is placed into a cell,as anode,oposite to a catho-
de or tool-electrode,which has the "negative" form of the mo-
del which we wish to reproduce.When the current supplied by a
D.C. generator flows through the circuit,the preform is dissol-
ved selectively into the bath,with a speed which is proportio-
nal to the current density in each superficial zone.This current
density is stabilized uniformly while the part to be machined
is jointed together facing the tool-electrode.

The electrochemical preparation of the copper tool-elec-
trode utilized in electric-discharge machining(EDM),which will
ne used as cathode,consists of several paths: (a)making ;of a ne-
gative pattern of the model that we want to reproduce in the EDM
process; (b) electrodepositing a thick copper coating,which pro-
perly stripped,will be utilized as tool-electrode(cathode) in
the EDM process.

To make the cooper tool-electrode the following operations
must be carried through: (l)positive pattern surface preparation;
(2) negative pattern preparation;(3) negative pattern activation;
and (4) copper electrodeposition on activated negative pattern.

In the present work a method for preparation of a copper
tool-electrode tobe utilized as cathode in EDM process by means

of the described paths is examined.

2 .EXPERIMENTAL

2.1l.Positive pattern preparation

The process was initiated by the cleaning of the positive

pattern by means of a proper degreasing solution followed by a

Portugaliee Electrochimica Acta, 5 (1987) 379-382


http://Dpto.de

— 380 —

"proper>"decasting" applied on the positive pattern surface.

2.2.Negative pattern preparation
Two "Araldite" synthetical hard resins(the "Araldite CW-

215" epoxy resin with a "HY-215" hardener and the "Araldite SV-
404" epoxy resin with "HY-404" hardener) were chosen for négati—
ve pattern preparation. Each resin was properly mixed and then
applied on positive pattern surfaces in order to obtain the sui-
table negative pattern.

2.3.Negative pattern activation

The object of this operation is to confer the "negative" re-
sin surface enough electrical conductivity to permit the ulterior
copper deposition on it.The negative pattern surface was coated
with an organic lacquer containing silver powder.The organic lac-
qguers assaied were "Demetron-200" and "Demetron-429". The elec-
trical resistivity of the silver coating obtained were tested
with an. ICE-tester.

Characteristics of negative pattern are shown in Table I.

Table I.Characteristics of negative pattern.

Dimensional
characteristics Specific Electrical resistance(resistivit¥)
of negative | of silver coating(in Ohm.cm) after:
pattern

1 h 2:h 4 h 6 h l 8 h 10 h 12 h
Simple shape + ¢ 0 0 0 0 0
Complex shape + + + 0 0 0 0
Very complex shape + + + + + + 0

In this table the -électrical characteristics of negative pa-
tterns are given in relation to time,measuring the disappearance
of resistivity in silver coatings.In this table ®0" means that the
resistivity measured is equal to "electrical specific resistance"
(or resistivity")of silver,that is to say:l,59.10_6 ohm.cm.

2.4 .Copper electrodeposition on activated negative pattern.

The best electrolyte in order to obtain a good coating of co-
pper with the appropiate characteristics to be used as negative
pattern in Electric-Discharge Machining is shown in Table II (1).

The copper sulfate reagent must be pure,with not less than

24,9% of copper. On the other hand,it must be exempt of chromate
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and nitrate anions and organic matter.Also,copper sulfate utili-
zed must no contains more than 0,3% of nickel, 0,075% of iron,

0,02% of chloride, 0,1% of insoluble matter and 15 ppm of arsenic.

Table II. Aqueous copper electrolyte.

CuSO4.5H20 @ BE 8 ST W B S VR B AH S e e e §EEE 200 g/1
1,80, w e s B S BT S 6 S A 70 g/1
Depolarizer (NaCl) ........ Y T I 0,04 g/1
Brightener B 1) Bt Sl e 0 91101 7'e W ] W 3 8 0,1 g/1
Levellesr  ssssemmew 516 & Suck 15t i omy - 0,05 g/1
Internal stress DeEpPressSor ........... 0,1 g/1
Wetting agent ..... T 0,5 g/1

The operating conditions of copper electrolyte are shown
in Table III.

Table III. Operating conditios of copper plating bath.

TEMPETALUEE =«  wpwswsen e seassssss@sse 25 9€¢€
Cathode current density .......eeeeeeee. 5 A/dm2
Cathode current density during first.8 h. 2 A/dm2
Anode-cathode distance ..........c00... 8-10 cm
Anode~cathode Labio eswaesiin s womsssss 1l
BOOAE oo wenm w0 o 508 w0k 6 915 ® 5 Copper with 0,02-0,6%P
Cathode agitation speed .sissessveusEnsEs 5 m/min
PiltratioNee s sssss eees g, 0188 e i s B e o83 )t Continuous
Cathode effieclency issascssssvsssasnssins 96-98%
Throwing power (with Haring-Blum cell)sss 18-19%
Rate of deposition( 5 A/dmz) ........... 0,8 m/min
Rate of deposition( 2 A/dmz) ........... 0,3 m/min

Normally,this electrdyte has a high tolerance to impurities,
but when substantial quantities of arsenic,antimony,iron,chro-
mium and lead are present,rough deposits can be caused.

Operating technique is as follows:

The negative pattern to be coated with a copper film is im-

mersed,as cathode,into the copper plaling bath,always under cu-
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rrent.At the beginning, a low current density must be applied MESURES ELECTROCHIMIQUES POUR 1.' EVALUAT ION
(between 1-2 A/dm2,but,after 6-8 hours,we can apply higher cu- DES INHIBITEURS DE LA CORROSION
rrent densities(up to 5 A/dmz) until the desired thickness of

i i en 6 to 8 days to ob-
copper is obtained. The process takes betwe ys uns 8 DR 155, W

in 1 mm thickness of copper on hollow parts and 5 mm thick- ‘ . ‘
tai PP Cenlro Nacional de Inveslipaciones Mclalirgicas (CENIM)

ness of copper on external parts of the negative pattern. Avenida de Gregorio del Amo, 8. 28040 MADRID (ESPANA)

3.RESULTS AND DISCUSSION

Operating under the mentioned conditions a suitable coppe-

red negative pattern,which can be used as copper tool-electrode, 1.- INTRODUCTLON
as been obtained. This electrode has the properties that are
shown in Table IV lLes inhibiteurs organiques de corrosion agissent,

en général, par adsorption sur la surface des métaux que

Table IV. Copper tool-electrode properties. l'on désire protéger. Le processus d'adsorption des

inhibiteurs s'accompagne d'une série de transformations

3
i f ol o 0 98 e BE e we w By T—88 G/ oM
R o ' ' g sur la zone de contact du métal et de la solution, ce

Thermal conductivity o w e sm e vewly 135 Al eMaS . °C . , ) . .
Electrical conductivity(with respect to Ag) 98% qui fait le mécanisme de corrosion complexe. Cette
ectr si0ie
Hard 170 HV complexité limite, parfois, l'emploi de techniques pour
ardness cessssssens s s B aseeB e s e e s .
Ductility . 21% son évaluation.

. 2
Internal StresSS .........eceve......800 pounds/inch Dans le présent travail on étudie le mécanisme

i i cessaess 1 mm ; TR :
Thickness(internal zones).............. d'unc famille d'inhibilteurs organiques avec differents

i xternal zZONeS)......eeeeeeecscssse..4=-5 mm i )
Thickness(externa ) degrés de substitution, & 1'aide de téchniques

electrochimiques.

These characteristics are good enough in order to utilize

this coppered negative pattern as proper tool-electrode in Elec-

o 2 .- Procédé Expérimental
tric-Discharge Machining.
In order to test it,as "galvano",this tool-electrode was Les échantillons employés sont en acier doux avec
placed as cathode in an EDM machine. It was an ONA machine mo- WA SiFFane Weile a8 Bravall de 10 en?. be niliew se
del BA-T.

composait d'acide chlorhidrique 2 M, et les inhibiteurs
The results obtained were excelents. L .. . . . .
. étaient une série des amines alifatiques: butilamine,
Oon the other hand, copper electrodeposited through the

mentioned electrolyte was bright,with good crystalline structu- dibutilamine et tributilamine. Les concentrations essayées

re and exempt of dendritic or powdery growth,as well as exempt ont varié entre 1074 et 1 M. La durée des essais a été de

of internal stress. 96 heures el la temperature de 288 K. Les Techniques
electrochimiques employeés furent ceclles d'impédance, la
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