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Abstract 
In this experimental work, performance of the pure tin-chloride - hydrochloric solution with 
Periodic Current Reversal PCR supply and porous anode-cathode separation was compared to 
that of the more conventional sulphuric acid bath with organic additives and DC current 
supply. The basic examinations were directed towards the determination of the suitable range 
of current density and temperature in hydrochloric media. Further on, the effect of the 
electrolyte composition and the application of a separation between the anode and cathode 
compartments were examined. The achieved overall cathodic current efficiencies – in the 60 – 
70 per cent range - and the observed morphologies have proved the feasibility of applying 
pure HCl-SnCl2 electrolyte solutions and PCR current. Although compact deposits could not 
be grown, deposited tin was adequately adherent and dense, nevertheless easily removed from 
the cathode surface. 
 
1.  Introduction 
Tin of primary or secondary origin may contain a high amount of lead, arsenic, antimony, 
iron, copper and precious metals. The refining of tin is possible with piro- and 
hydro/electrometallurgical methods too. For example, selective oxidation, sulfidization and 
chlorination are used in the industry as pyrometallurgical refining. The main disadvantages of 
this method are the multi-stage processing and the high prime costs. On the other hand, 
electrolytic refining can achieve the efficient purification in one step. The byproduct of the 
method, the anode slime, can be also processed to extract the precious metals. The cost of the 
electric current is not excessive, because the cell voltage is comparatively low with the 
soluble anode. Practical disadvantages may be the relatively low productivity, the higher 
requirement of place and the high amount of metal stored in the electrodes. The increase of 
the productivity can be achieved only by higher current densities, in which case a relatively 
high tin content is necessary in the anode metal. In case of low grade raw materials, the 
compromise means a pyrometallurgical pre refining which is followed by an electrolytical tin 
refining [1]. The removal of some impurities is rather restricted by the thermodynamic 
equilibria. However high purity can be achieved in one operation step with the electrolytic 
refining. However a disadvantage is the high amount of the raw anode metal compared to the 
end product [2]. On the other hand, a high amount of impurities may gather in the anode slime 
in case of low grade anode materials. The behavior of the impurities depends on their 
electrode potential. Impurities with higher electrode potential than that of tin (Bi, Sb, As, Cu, 
Ag, Au) practically do not dissolve, but they build a fine slime on the anode surface, alloyed 
or in the oxide form. Due to the uneven dissolution, the anode slime contains a significant 
amount of tin powder. Lead and tin have similar standard potentials, therefore – unless 
solubility criteria prevent it - lead can dissolve at the anode and deposit at the cathode. Metals 
with more negative electrode potential than that of tin, (Zn, Fe, etc.) can dissolve but they will 
not deposit at the cathode, unless their concentration in the solution increases beyond a certain 
limit dependent on the actual concentration of tin at the cathode surface. In this last respect, 
the current density may have a significant effect on the achieved purity of the cathode tin.  
It’s difficult to find a suitable electrolyte solution in the case of tin. The most important 
criteria are [3]: low price, chemical stability, high solubility of tin and low solubility of 



impurities, high electric conductivity, low temperatures to be used, low volatility and lack of 
gas evolution, low corrosive effect on the cathode, allowing fine structure and high density in 
the cathodic deposit. Many types of solution have been tested, but none of them could be 
good enough perfectly for the above criteria. The equilibrium standard potential of tin is 
negative. Although the over-potential of hydrogen is significant on the tin surface, even so 
hydrogen deposition can occur because of the cathodic polarization [1] of tin at higher current 
densities. Therefore, this aspect also limits the applicable current density, especially at low tin 
concentrations. Tin can be present in both the Sn(IV) and Sn(II) oxidation states in aqueous 
media. The Sn(II) form is more usual in acidic solutions and Sn(IV) in alkaline ones. 
According to experience [4], solutions containing both forms of tin ions are unfavorable for 
the electrolytic operation.  
 
The alkaline electrolyte solutions, based on sodium stannate, are used for steal coating. 
Alkaline baths are less suitable for a number of reasons (the tetravalent state implies the 
transfer of twice as much electric charge than the divalent, high temperatures (~ 80 oC) are 
required to make tin deposition dominant. [5] The bath is covered with oil or wax to prevent 
the oxidation and the evaporation. Particular impurities, like Pb, Sb, are highly soluble, 
requiring other methods of removal and divalent tin ions - also produced at the anode - disturb 
the deposition. The only advantage is that the cathode surface is smooth enough. Only one 
alkaline tin refining plant – although of high capacity - has been commissioned (Capper Pass 
Ltd.). [4] 
 
The acid electrolyte solutions have gained more popularity for the electrorefining of tin. The 
general characteristics of acid solutions compared to the alkaline baths can be summarized: 
cheap electrolyte, low temperature (generated by the electric current), the divalent state 
implies half as much electric charge requirement in the cathodic deposition, however more 
anode slime with about four times higher tin content, necessity of frequent anode cleaning, 
dissolution of low grade anodes may be hindered, organic addition may be necessary. [2] 
The process applying sulfuric acid solutions has been developed for a long time, until suitable 
combinations of large amounts of organic components with sulfuric acid and some additives 
have been found to assure acceptable cathodic deposition. 
Cresylic/phenylic sulfonic acid - sulfuric acid type solutions (usually of undisclosed 
composition) containing organic additives have become applied. The special chemical agents 
are very expensive and the acceptable current density is rather limited. The starter cathodes 
are prepared by casting pure tin on a steel plate and stripped after solidification. In the 
conventional baths, SnSO4 (30-40 g/l tin) is the basic component, beside cresylic/phenylic 
sulfonic acid (40-100 g/l), free sulfuric acid (40 – 80 g/l), and 1-2 g/l β-naftol, or gelatine 
[6,7]. Free sulfuric acid assures hydrolytic stability, improves conductivity and ensure the 
insolubility of lead. Cresylic/phenylic sulfonic acid prevents oxidation and also improves 
stability through more soluble compounds of Sn(IV), whereas β-naphtol, or gelatin promote 
finer structures of the cathodic deposit. Besides harming cathode quality, tetravalent tin 
causes solubility problems, decreasing current efficiency and the danger of precipitation. 
In order to decrease the costs of chemical agents, simple electrolyte solutions containing pure 
sulfuric acid and SnSO4 have also been tested recently. [8] The simple acid solution allows 
inferior cathode quality, however it may be improved by to some degree with the Periodic 
Current Reversal (PCR) technology, as illustrated by Figure 1. 
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Modeling the conditions in the electrolyte solution, the distribution of tin in the ions in contact 
with metallic tin or air in solutions of varied chloride ion concentrations can be represented by 
the curves of Fig. 2. The Sn(II) solution has a good stability in contact with metallic tin, but it 
may be easily oxidized if the redox potential is determined by an oxidizing agent.  
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Fig. 2. Equilibrium distribution of Sn among different species dissolved in HCl solutions in 
contact with (a) tin meta (b) air 
 
The approximately 5 – 10 ml of the aqua regia tin starting solution, was diluted with the acid 
solution of the aimed concentration to make up the 150 ml bath. The applied anodes were cast 
from technically pure tin. The starting cathode was prepared by forming a solid tin layer on a 
masked copper plate - by pre electrolysis – and polished to the same surface quality before 
every experiment. Around the 6,25 cm2 open surface area, the other parts of the plate were 
covered with a polyethylene foil. The experimental cell (figure 3.a) was made from a suitably 
thick polycarbonate plate. An inserted double filter paper helped to avoid the contact between 
the long dendritic outgrows and the anode surface in the main experiments examining the 
effect of the chloride bath composition. For the DC experiments one, for the PCR experiments 
two regulated current supplies were used, periodically switched over by an electronic circuit. 
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The experimental electrolysis runs lasted for about 2 hours. One setting of the parameters was 
always repeated in a second run applying the same electrolyte solution but fresh cathodes. The 
electric current was recorded by a National Instruments NI DAQ AD/DA converter card and 
the NI LABVIEW data acquisition software. The overall current efficiency was determined 
from the total amount of the calculated electric charge and the measured mass increment of 
the washed and dried cathodes. 
 
3. Experimental results and discussion 
 
The role of the PCR technique in depositing finer tin crystals from the HCl electrolyte was 
tested first. Figure 4 illustrates that there is a remarkable difference in the obtained 
morphology with DC and PCR currents under otherwise identical conditions. 
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Experiments were run first directly with the freshly prepared solutions and then repeated with 
the used electrolyte ones. The results of the fresh and reused electrolyte solutions are shown 
with different color on the figure. The concentration of Sn(IV) in the fresh solution could be 
higher, which resulted lower overall current efficiencies according to the metal re-dissolution 
by equation (1-2.) The sharp increase of the current efficiency with increasing apparent 
current densities is a result of the higher rate of deposition more outweighing the tendency of 
re-dissolution caused by the presence of Sn(IV) ions. The latter species are continually 
generated at the solution surface and at the anode, especially in the fresh and hot electrolytes. 
Increasing the current beyond the point of maximum current efficiency, it is declining not 
only because of the limited rate of the tin ion transport, but also because of the acceleration of 
the re-dissolution reaction through the: 

• looser structure of the deposited metal layer, 
• enhanced production of Sn(IV) ions due to higher anode potentials. 

The corresponding steeper decrease of current efficiency occurred mainly on higher 
temperatures. Hydrogen evolution has not been observed even under such extreme conditions. 
Duo to the increasing activity of the cathode surface caused by the loose deposition of tin the 
Sn(IV) ions - which have higher concentration in the fresh solution - can be reduced 
efficiently, although at the expense of loosing current efficiency. During the subsequent 
electrolysis, Sn(IV) arising from the oxidizing effect by dissolved oxygen and by the anode 
can cause cathode corrosion – besides the relatively low chemical effect of the acid. 
Therefore, the current efficiency curves of reused solutions run regularly higher than those of 
the fresh solutions. [11] 
 
The effect of the hydrochloric solution composition was examined in another series of 
experiments. For this purpose, a further developed cell was used in which the cathode and 
anode compartments were physically separated with a double layer filter paper. The filter 
paper was tightly fitted in the cross-section of the cell. In this way we tried to curb the long 
dendritic outgrowths- developing especially near the bottom of the cell. At the same time 
impurities floating from the anode surface can be kept away from the cathode. Figure 6. 
shows the overall current efficiency depending on the tin and hydrochloride concentration. 
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Figure 6.  Dependence of the overall current efficiencies on the composition of the fresh and 
reused electrolyte solutions. (Double, tight filter paper diaphragm separation in the cell). 



The following interpolation polynomial could be determined for the overall current efficiency 
results referring to the examined range of the transformed factors: 
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The main coefficients of the interpolation polynomial characterize the relative strengths of the 
solution components. Increasing the starting tin concentration (cSn) reduced the overall current 
efficiency significantly. The hydrochloric acid concentration (cHCl) and the age of the 
electrolyte solution (Á), although in a small degree, but increased the current efficiency in the 
average of all the settings. The strongest cross-effect is yielded by the tin concentration and 
the age of the solution. The positive sign indicates that the age of the electrolyte solution 
increases the current efficiency more at higher tin concentrations. This may be explained by 
the presence of a higher amount of Sn(IV) ions at higher tin concentration. Alternately, it is 
also expressed that the negative effect of the tin concentration will be more pronounced in 
fresh solutions, where the concentration ratio of the Sn(IV) ions is higher. The negative cross 
effect coefficient of the tin and hydrochloride concentrations shows that, in case of higher tin 
concentrations, increasing the hydrochloric acid concentration reduces the current efficiency 
more drastically. Hydrochloric acid plays an important role in solubilizing the re-dissolved tin 
species. The filter paper separation did not increase the current efficiency significantly. Figure 
7. shows the characteristic morphology of the cathodic deposits obtained.  
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In supplementary experiments, we have examined the current efficiency and the deposition of 
tin in fresh sulfuric electrolyte solutions of varied tin and sulfuric acid concentrations. AS the 
purpose here was to compare the hydrochloric results to those of a more conventional 
operation, the applied current was DC, but organic addition was applied to produce the same 
inhibiting effect practiced commercially for depositing finer crystals. Sulfuric solutions do not 
grow large dendrites; therefore the use of a porous separation is unnecessary. During the pre-
experiments, β-naphtol addition proved to be more efficient in comparison to the application 
of gelatin, or gelatin + β-naphtol. Therefore β-naphtol solutions were generally selected for 
the sulfuric experiments. Figure 8. shows the overall current efficiencies for different settings. 
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Figure 8.Overall current efficiencies in case of fresh sulfuric acid electrolyte solutions (with 
0.15 g/l β-naphtol added). 
 
The experimental results show that, similarly to the fresh hydrochloric electrolyte solutions, 
the best current efficiencies arose with the 20 g/l tin concentration. The current efficiency 
values fell in the 70-80 % range with this tin concentration in this case too. If we had used the 
PCR technology with 20:1 time ratio, the overall current efficiency would have been 63-72 % 
(a factor of 19/21 to the corresponding DC). Thus the hydrochloric solution appears more 
favorable. The highest examined tin concentration (30 g/l) gave the worst results. 
Furthermore, the highest examined sulfuric acid concentration appeared the most favorable 
with 20 g/l tin in the solution, though this effect is relatively less strong. Another point to 
compare is the morphology of the metal deposits. In case of the sulphuric acid solutions (with 
β-naphtol added) the needle-dendritic form of deposition was typical. Figure 9. shows the 
cathodic deposition obtained from the sulphuric acid experiments. 
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Conclusions  
 
There are different suitable electrolytic methods to refine the secondary row materials and 
impure metals containing a high amount of tin. Relative to the most common, but expensive 
cresylic/phenylic sulfonic – sulfuric acid solution, the simple hydrochloric and sulfuric acid 
solutions can be applied successfully. The performed examinations have proved that applying 
the PCR technology with a suitable electrolyte composition and current density may result in 
an acceptable cathode surface quality and overall current efficiency. The re-used solutions 
allowed higher current efficiencies. In case of both acid solutions, tin concentration has the 
most important role in determining the current efficiency. Due to the effect of the applied 
organic inhibitor, the needle-dendritic type deposition becomes typical, which cannot be 
considered more advantageous – especially for melting – than the rougher deposition obtained 
in the hydrochloric solutions.    
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