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The continuous measurement of the potential during the
process of the electrochemical copper setting

Abstract. The article presents usefulness of the computer modelling support through the remote measurements in the electrochemical technologies.
Modelling of the electrolytic covers demands problem solution connected with current distribution in the electrolyte, electrodes shape and
composition of the electrochemical environment in which the process takes place. The adapted methodology is used in the potential analysis and its
influence on the covered layer structure and its topology. Classification of methods properties makes possibility of its evaluation concerning

elasticity, usefulness in the galvanic process and its use in practice.

Streszczenie. W artykule przedstawiona zostanie przydatno$¢ komputerowego wspomagania modelowania poprzez przeprowadzanie zdalnych
pomiaréw w technologiach elektrochemicznych. Modelowanie powtok elektrolitycznych wymaga rozwigzania probleméw zwigzanych miedzy innymi
z rozktadem pradu w elektrolicie, ksztaftem elektrod i sktadem elektrochemicznym $rodowiska, w ktérym zachodzi proces. Zastosowang metodologie
wykorzystuje sie do analizy potencjatu i jego p6zniejszego wptywu na strukture osadzonej powtoki i jej topologie. Klasyfikacja wtasnosci tej metody
umoZliwi jej ocene pod wzgledem elastycznos$ci i przydatnosci w procesie galwanizacji oraz mozliwo$¢ pdzniejszego zastosowania w praktyce.
(Ciggty pomiar potencjatu podczas procesu elektrochemicznego osadzania miedzi)

Keywords: electrocrystallization, electrode processes, copper surface layer, additive electrodes.
Stowa kluczowe: elektrokrystalizacja, procesy elektrodowe, powierzchniowa warstwa miedzi, elektrody dodatkowe.

Introduction

Contemporary engineering increasingly focuses its
attention on covering non-metallic surface, such as ceramic,
plastic or wood materials, with metallic coatings. This is
connected with customers needs concerning more aesthetic
and resistant external structure of products. This can be
achieved through conducting certain technological
processes in which an item can be covered with metallic
layer during electrolyze. Nowadays, copper layers are of
great interest. They are used for producing negative forms
of injection moulding machines. The forms, filled with plastic
in the production process, are used to produce numerous
kinds of spare parts of domestic equipment. The moulding
forms are used many times, therefore they should have
high thermal and mechanical resistance. The crucial factor
in this situation is the evenness of the metallic layer
covering an item.

Electrocrystallization is an effective method used in
modelling the covering layer. It enables making layers of
pure metals, their alloys, composite or multilayer structures.
Moreover, there is a possibility of creating crystalline
structure of a different size of crystals: from micro- to
nanometre. The electrocrystallization method enables us to
influence the electrochemical process in a way which
makes it possible to achieve good quality of the covering
layer.

The objective of the research presented here was to
show the influence of the electric factors on the achieved
effects of the electrochemical process of copper coating.
The research aimed at pointing the correlation between the
crystalline structure of metal and particular components of
the electrolyte solution. Moreover, the research concerned
the potential distribution on the surface of the samples. This
will allow to form the electric field intensity around the
cathode by using appropriate screens. As a result, a regular
metallic layer on a non-metallic object will be achieved.

Process of the electrochemical copper setting

Copper surface layers are made during the
electrocrystallization process. This process is conducted in
the composition which consists of electrolyser tilled with
multicomponent solution. The basic component of this
solution is the acid which includes the copper ions. Two
electrodes — anode and cathode — are sunk in the solution.
First of them — the anode, is made of the same metal as the

setting layer (copper). The item whose surface is covered
participate in the process as the cathode. An external power
supply extorts the potential difference between electrodes
and the current flow in the electrolytic environment. Well
ordered movement of independent ions initiates a chemical
process and a physical process. During the electrochemical
process of the copper setting on the cathode, the reduction
reaction of the two-positive copper ions to the atomic shape
takes place [1]:

(1) Cu* +2e — Cu’

On the other hand, opposite process occurs on the
anode surface — reaction of the copper ions oxygenation to
the two-positive ions as shown below [1]:

) Cu’-2e — Cu*"

Both the above reactions take place with the same
velocity, causing the dynamic equilibrium state, and
constant content of the copper ions in the electrolyte
solution is kept. The anode dissolution and copper setting
on the cathode takes place during the electrocrystallization
process. The thickness of the cathode is determined due to
the following dependence (3):

MIt
zFpA

3) d =«

where: M — mol mass of the setting metal, z — number of
the electrons which take part during the electrode
processes (reduction and oxygenation), F=96485 C/mol —
Faraday’s constant, I — current between the electrodes, t —
time of the surface setting, p — density of the material which
sets on the cathode surface, A — field of the active cathode
surface, o — dimensionless coefficient (cathode
performance) [2].

The electrocrystallization is a process where, as a result
of two processes — reduction and oxygenation taking place
on the electrodes, metal sets on the cathode surface. This
process consists of the following stages [2]:

e transport of the metal ions from the solution to the
cathode surface,
e metal ions reduction on the cathode to the atomic shape,
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e creation of the crystalline centres called crystalline
embryos and their growth.

The correlation between the time duration of several
stages has the influence on topology and morphology of the
created metallic layer. Electrocrystallization process could
be steered by many factors. Every factor will influence the
stages of the new phase creation in a different way. We
could reckon among: current density, electrolyte
composition, electrolyte stiffness, solution temperature,
solution stirring, process time. Current density and solution
temperature cause electrosetting of the metal atoms on the
surface. The electrolyte influences the coat creation with the
suitable physical and mechanical proprieties. Individual
components of the galvanic solution have different influence
on the embryos creation and crystal growth. Submissive
ions unload on the cathode and then result in the faster
growth of crystal embryos — coarse-grained layer. Too fast
acceleration of the reaction will cause the decrease in ion
stiffness around the cathode. This will further result in worse
quality of the achieved layers. Excrescences are directed to
the electrolyte and, in consequence, the layers are rough
and spongy. As the result of suitable stabilization of the
reaction, the created layers are fine-grained. This type of
layer is the most desired and applied in the industry [3].

Research procedure and achieved results
In order to do the experimental part of the research,
a [aboratory stand was prepared (Fig.1).

Fig.1. General view of the electrolytic bath and a measuring am
steered by step motors

The stand consisted of bath tubs filled with 4 litres of
liquid. To produce electrochemical layers of copper, two
types of liquid electrolyte were used. First of them was the
basic electrolyte of the following composition [1]:

e copper sulphate (CuSO, - 5H,0) — 200 gllitre,
e sulphuric acid (H2SO4) — 50 gllitre,
¢ hydrochloric acid (HCI) — 30 g/litre.

The second liquid was modified in relation to the first
one by reduction by 10% the share in the composition of
copper sulphate bath.

Three electrodes were immersed in the bath. Two
anodes with dimensions of 100x90%10 mm and a cathode
(a coated electrode) with dimensions of 60x40x8 mm
(Fig.2). The anodes were located at a distance of 240 mm
from each other, while the cathode was located in the
middle of them. Two kinds of experiments were conducted.
They concerned electrochemical setting by different value
of current density 5 A/dm? and 2.5 A/dm®.
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Fig.2. The way of dimension assigning and measuring places of the
cathode.

The research was done with the use of data acquisition
and specialized electrochemical process control system [4].
In addition the system was equipped with a carrying device
of a potential probe. The device was built as an
independent arm steered by step motors controlled by the
microcontroller (Fig.3).

Electrolytic
bath
with anodes
and cathode

RS-232
communication

Data acquizition
systern and
electrolyze

power control unit

Probes placed
on the
measuring arm

ATmega
microcontroller
and
3-axis step motor
driver

Fig.3. Block diagram of the computers controlling the electrolyze
process.

The research was done with the measuring step of
1 mm of the potential on the cathode surface. The potential
was measured in the vertical orientation, in the middle part
and on the edge of the cathode (Fig.2).
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Fig.4. Potential distribution on the surface of the cathode in the
case of supply of 2.5 A/dm? and with the enriched composition of
the electrolyte.

During the electrochemical process the measurements
of the potential on the sample surface were conducted
(Fig. 4, 5, 6), with the use of the chloride-silver Ag/AgCl,
electrode which was connected to the electrochemical
process control device [4]. In addition to the potential
measure probe in the electrolytic bath also contained
probes to measure temperature and electrochemical
factor K. Thanks to that it was possible to use the probe to
measure and register values of the potential, the
temperature coefficient, electrochemical coefficient and the
current on the PC computer at the same time [4]. It is worth
stressing that during measurement the potential meter
functions as a voltmeter with high input resistance of the
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order of 1012 Q, potential range of 2000 mV and accuracy
of +0.5 mV. Temperature readings were made with the
accuracy of +0.01°C. The conductance was measured with
the use of the conductivity sensor with a fixed sensor of
the measuring

0.5cm™ and
100 mS/cm [4].
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Fig.5. Potential distribution on the surface of the cathode in the
case of supply of 2.5 A/dm? and with the basic composition of the
electrolyte.
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Fig.6. Potential distribution on the surface of the cathode in the
case of supply of 5 A/dm? and with the basic composition of the
electrolyte.

Fig.7. The scanning electron microscope Hitachi S-3000N view of
the cathode cross-section. The sample was obtained from a
cathode which was cut next to the measured edge.
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The proximity of the edge has a direct connection with the
different values of the potential. Visible roughness near the
edge of the cathode confirms the theoretical foundation. As
it can be observed in figure 7, the copper (darker colour)
surface was distorted during the electrolyzing process. This
was caused by the irregular potential distribution next to the
cathode.

Conclusions

Measurements of the potential value next to the cathode
can give us information about expected copper settings. As
it can be observed in figures 4, 5, 6, the values of the
potential are more irregular on the edges than in the centre
of the samples. In cases presented in figures 4 and 5, the
shapes of the potential distribution are comparable. In
figure 6 the bigger value of current supply during
electrolyzing process influenced the potential on the edge of
the sample. This fact affected the final surface shape.
During the research, the straight relationship of the potential
value to the setting layer regularity was proven. Mutual
correlation between potential gradient and the setting layer
was confirmed. Violent changes of the potential value
reduced the quality of the probe surface.

The following research will be focused on placing the
appropriate screen, which can be useful for reducing
potential in the places whose values are too high. The other
way of working on the improvement of the electrolyzing
process will be creating a fully automatic system of the
electrochemical measurement connected with the screen
movements.

Acknowledgements

This work is supported by the Polish Scientific
Committee, under the project S/WE/3/08, Bialystok
University of Technology.

REFERENCES

[1] Biatostocka A., Metoda ksztattowania pola
elektrycznego w procesie elektrochemicznego osadzania
miedzi, (2008), Rozprawa Doktorska, Biatystok

[2] Trzaska M., Elektrokrystalizacja metali, Przeglad
Elektrotechniczny, (2004), nr 11, 1166-1169

[3] Walendziuk W., Bialostocka Anna M., Bolkowski S.,
Computer assisted galvanisation process, Computer

applications in electrical engineering, (2004), Vol.2 504-
514

[4] Elektrochemiczny Miernik Uniwersalny EMU.
manual, Politechnika Wroctawska (2000)

User

Authors: dr inz. Anna Maria Biatostocka, Politechnika Biatostocka,
Wydziat Elektryczny, Katedra Elektrotechniki  Teoretycznej
i Metrologii, ul. Wiejska 45d, 15-351 Biatystok, e-mail:
a.bialostocka@pb.edu.pl;  dr inz.  Wojciech = Walendziuk,
Politechnika  Biaftostocka, Wydziat  Elektryczny,  Katedra
Elektrotechniki Teoretycznej i Metrologii, ul. Wiejska 45d, 15-351
Biatystok, e-mail: w.walendziuk@pb.edu.pl!

165




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


