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Abstrakt 

 Tak ako u iných procesov, je aktuálne sledovat' možnosti lepšieho časového a energetického 
využitia elektrolyzérov zrážacej a rafinačnej elektrolýzy. V týchto súvislostiach má prvotný význam 
prenos hmoty v elektrolyte a na fázovom rozhraní elektrolyt - elektróda. Prenos hmoty je limitovaný 
prúdovou hustotou, pracovnou teplotou a podmienkami prúdenia elektrolytu. V súčasnosti Laser-
Dopplerova anemometria umožňuje zist'ovanie podmienok prenosu hmoty v čiastočne zafarbených 
elektrolytických roztokoch. Táto práca uvádza prvé výsledky merania podmienok prúdenia v 
rafinačnom elektrolyzéri pre elektrolýzu Cu v závislosti od prúdovej hustoty. Uvedená metóda 
umožňuje bezkontaktné meranie prúdenia elektrolytu vyvolaného prirodzenou alebo vynútenou 
konvekciou dokonca aj v silno zafarbených elektrolytoch. Prvé výsledky ukazujú, že je možná 
kvantitatívna analýza tvorby hydrodynamických vrstiev na rozhraní elektrolytu a katódy, resp. anódy. 
Rýchlost' prúdenia v týchto vrstvách súvisí od prúdovej hustoty. 

 

 

Abstract 

 As in other metallurgical processes, a better yield per space and time unit at lower specific 
energy consumption is desirable in precipitation and refining electrolysis. In this context, the conditions 
of mass transfer in the electrolyte and at the phase boundaries electrodes-electrolyte are of primary 
importance. They are controlled by the current density and working temperature but also the flow 
conditions in the electrolyte. 

 Today, Laser-Doppler anemometry allows their measurement free of influences caused by 
induced probes even in partially coloured electrolyte solutions. This article reports first results of the 
measurement of flow conditions in copper electrorefining cells and their dependence on current 
density. 

 

 

Introduction 

 Mass transfer in electrolysis cells can be affected by three mechanisms: diffusion, 

convection and migration. 

 Diffision presupposes a concentration gradient of the transported ion in the electrolyte. It takes 
place in the so-called Nernst diffusion layer between electrode surface and electrolyte bulk (Fig.1). The 



thickness of this diffusion layer d is indicated as 10-1 to 10-7 µm depending on the ionic strengh and 
the hydrodynamic conditions [1]. 

 Convection is responsible for the largest proportion of mass transfer. Here, natural convection 
is caused by anodic metal dissolution and cathodic metal deposition and the resulting ion 
concentrations, which differ from those in the average electrolyte. It may be supported by temperature 
differences and produces a hydrodynamic boundary layer enclosing both the electrochemical double 
layer on the electrolyte side and the diffusion layer. 
 

 
 

 
Fig.1Di ffusion boundary layer at an anode 

                c - metal ion concentration  

                x - positon local coordinate 

                dN - derived thickness of diffusion layer 

 

 

 As is shown in Fig.2, the specifically heavier electrolyte flows downwards at the anode while 
the specifically lighter electrolyte moves upwards at the cathode. The 4 diagrams in Fig.2 illustrate the 
general curve of metal ion concentration c and the flow rate across the cross-section of the 
hydrodynamic boundary layer. Flow starts in the laminar regime at the lower cathode and upper anode 
edge, respectively, and later is converted into turbulent one. Concentration and temperature 
homogenization takes place outside the hydrodynamic boundary layer due to forced convection, which 
is mainly a result of electrolyte pumping. 

 In comparison with both convection and diffusion, the migration of the ions in the electric 
field under the force of an electric potential gradient makes only a small contribution to mass transfer. 

 Laser-Doppler anemometry was selected for solving the problem; equipment of DANTEC-
Measurement Technology was available for this. Atter its discoverer, the frequency shift of a wave 
caused by the relative motion of its source and receiver is called Doppler effect. As is shown in Fig.3, a 
particle moving at speed v is subjected to radiation of a certain frequency f0. A laser is used as light 
source since the light has to be monofrequent, coherent and polarized. 

 The relation between Doppler frequency fD and particle speed v is described by the equation: 

 

 

where    v - particle speed, 

             c - light speed, 

 

 

i.e. what is measured is not a speed value but a frequency that is linear dependent on a speed. 
Fig.2 Electrolyte flow due to natural convection at anode and cathode (schematic) 

   c - metal ion concentration 

   v - flow rate of electrolyte 

   x - horizontal position 

   y - vertical position 

 

 



 As is shown in Fig.3, the air-cooled Ar ion laser (100 mW) produces monofrequent and 
polarized light. By a prismatic beam splitter, the beam is divided into two frequency-shifted parts. One 
of these sub-beams is frequency-shifted by 40 MHz by means of a Bragg cell. In evaluation, this wave 
property serves to determine the orientation of the particle motion. 

 In the measurement probe the two beams are refracted at a lens whose focal length determines 
the distance of the measured volume from the probe. The device used operates on the basis of the 
reflection method, i.e. the diffuse reflection of the particle is recorded by a photo-detector integrated in 
the measurement probe and transmitted to the photo-multiplier. The beat frequency thus determined is 
transmitted to the BSA (burst spectrum analyzer), which on the basis of the set optical parameters 
determines the particle's speed fraction in x-direction (see Fig.3). 

      Fig.3 also shows the typical LDA signal of a moving particle as visualized on an oscillator, a so-
called burst. The task of the electronics is to filter and measure the proper signal frequency from the 
burst signal of the photo-multiplier, which is superimposed by disturbances. The measuring device is 
menu-controlled from a PC which also allows graphic representation of the results as a function of 
freely chosen parameters. 

 

 

Experimental 

 For the investigations, a transparent electrolysis cell made of polycarbonate was developed 
with an electrolyte flow parallel to the electrodes (steel cathode, anode copper anode; Fig.4) Copper 
sulfate electrolyte with 40 g Cu/l and 150 g H2SO4/l was thermostated at 57°C; 16 l/h were pumped in 
three bath changes. The usual inhibitor concentration was applied. The current density varied in the 
range 200, 280 and 400 A/m2. 

 

 
Fig.3 Technical layout and principle of operation of a laser-Dappler-anemometer 

 

 
 

 
 

 

 

 
Fig.4 Electrolysis equipment and electrode dimensions 

 To record the 3000 measured signals required for averaging as fast as possible, a sufficient 
number of solid particles has to be present in the electrolyte This was achieved by 

the addition of sinter corundum with a grain size between 5.5 and 7.5 µm. 

 The test programme first provided for currentless investigations to characterize the process of 
forced convection. An experimental plan was used both for this stage and the subsequent measurements 
with the power on. Starting From the cathode surface, it provided for measurement points both along 
the electrode height (z-direction), electrode width (y-direction) and in the room between the electrodes 
(x-direction). 

 

 

Results 

 The flow patterns recorded in currentless condition (Fig.5) show pronounced forced 
convection along the outer walls, from the lower electrode edge to the electrolyte level to the cell 



bottom at the opposite site. The electrolyte bulk and the zone under the electrodes is only very slightly 
affected by the flow. 

 

 

 

 

 

 

 

 
Fig.5 Flow patterns due to forced convection in currentless conditions 

 

 

 With the power on, a laminar upward flow starts very slowly at the lower cathode edge, with a 
small extension into the electrolyte bulk (2 to 4 mm). The transformation to a turbulent flow pattern 
occurs more or less in the middle of the electrode. In this area, a vertical flow of up to 8 mm/s was 
observed, with increasing trend Fig.6 shows the turbulent flow in the upper zones of the cathode to 
reach far into the direction of the anode, and indicates a change of direction towards the anode at the 
electrolyte surface. 

 

 

 

 

 

 
 

 

Fig.6 Flow rates between cathode and anode at i = 280 A/m2 

 

 

 On the anode side, the downward flow starts slowly at the bath surface. Flow rates 
subsequently grow approximately in linear proportion. Flow rates up to 13 mm/s were measured at the 
lower anode edge. 

 After the streaks flowing down the anode surface dissolved approx. 30 mm over the cell 
bottom, the forced convection below this level is not sufficient for electrolyte motion, so that 
lamination phenomena take place. 

 Similar to the pattern at the cathode, the flow rate in the direction of the electrolyte bulk 
increases strongly at the anode after starting at 0. It reaches maximum values at a distance of 0.5 to 1.5 
mm and then decreases in the boundary layer (4 to 7 mm, see Fig.6). 

       In the depth of the cell, i.e. across the electrodes' cross-section at identical height, no significant 
change of the electrolyte flow rate was measured at either the cathode or the anode. As was expected, a 
pronounced influence of the current density on the formation of the hydrodynamic boundary layers and 
the flow rates in these was established As an example (cathode height 160 mm, upper third; anode 
height 20 mm, close to lower edge), Fig.7 plots the maximum flow rates measured at distances of up to 
4 mm from the electrode surface against the current density. Due to the increase of the material 
conversion per unit time at the electrodes, the growth of the current density also increases the density 



differences between the electrolyte close to the electrodes and the electrolyte bulk, and therefore the 
driving force of natural convection. A regression analysis produced a functional dependence vmax ~ 

i0.51 close to the cathode and vmax ~ i0.74 close to the anode. 

 

 

 

 
Fig.7 Influence of current density on the flow rate 

 

 

Conclusion 

 Laser-Doppler anemometry allowes the contact-free measurement of the electrolyte flow 
caused by natural and forced convection even in strongly coloured copper electrolyte. First results 
show that quantitative analysis of the formation of hydrodynamic boundary layers at the cathode and 
anode becomes possible. The now rates in these layers are influenced by the current density. 

      The authors wish to thank Messrs. Simon [2] and Uebel [3] for the careful performance of the 
extensive measurements and evaluation which they did in the framework of their study. 
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