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 The equilibrium potential of cadmium is -0.44 V, the potential of zero charge is equal to 

-0.75 V, so the process of electro-reduction of cadmium in the absence of surfactant 

occurs on the positively charged electrode surface. 
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INTRODUCTION 

 

 Surfactants are widely used in industrial processes electro deposition of metals - in electroplating and 

hydrometallurgy. The vast majority of electrolytes used in electroplating, contains certain organic additives, 

which are aimed at improving the structures, physico-chemical, corrosion and other properties of the plating 

surface and impart specific properties (gloss, adhesion to surfaces, etc.). 

 Adsorbed at the interface metal-solution , surfactants have a significant influence on the electrochemical 

reactions occurring . 

 A number of papers on the basis of studies summarizes some patterns of influence of pH, temperature , 

nature of the anion of the background and other factors on the effectiveness of the surfactant in the 

electrodeposition of metals [4-11]. For example, in studying the effect of adsorption processes on the cathode 

excretion of cadmium and lead on the electrodes of different nature revealed that a sharp slowdown 

electroreduction processes , manifested in the appearance of the low current limit and high polarization due to 

the formation on the electrodes dense adsorption layers collapsing when the high negative potentials [ 4-8]. The 

authors draw attention to the small amount of overvoltage on the electroreduction lead (II) on the solid electrode 

that binds with high discharge rate of lead ions (II). 

 Most of the research devoted to the study of electrochemical behavior of only a number of metals [1] or 

surfactant adsorption on gallium electrode [2,3]. A study of the kinetics of electrode processes under the 

influence of surfactant organic nature carried out mainly on the mercury and amalgam electrodes dripping . 

Since mercury leakage even provides the electrochemical reactions at the surface is constantly updated . And 

only a small part of the work is devoted to the study of the electroreduction of the same name on solid electrodes 

in the presence of various inhibitors . It is very effective inhibitors of discharge metal ions were substituted by 

ammonia and other nitrogen containing compounds that form the electrodes are typically positively charged 

layers [7-11]. 

MATERIAL AND METHODS 

 

 Of cadmium (II) on the This report presents the results of a study of electroreduction of cadmium (II) on the 

cadmium electrode. Investigations were carried out on the potentiostat IPC-Pro MF in potentiodynamic mode 

polarization curves were recorded in a temperature-controlled cell with separate anode and cathode spaces with 

stirring of 600 revolutions per minute. The working electrode used cadmium ( base metal content of 99.9 %) 

pressed into the working surface of Teflon with 0.7 cm2. Auxiliary electrode was a platinum mesh with a large 

surface electrode - silver As surface-active agents (surfactants) used Poly(dimethyldiallylammonium chloride) 
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(PolyDADMAC) . As background, 0.5 M solution of Na2SO4, Cd2 + ion concentration in the working solution 

was 0.001 mol. Study electroreduction cadmium electrode was carried out in the concentration range of 

surfactants 0,7.10-3-20,0.10-3 in the temperature range 338 -298 K. 

 

RESULTS AND DISCUSSION 

 

 In order to elucidate the effect of surfactants on the discharge of cadmium ions (II) in neutral electrolyte 

investigated the electrochemical behavior of cadmium ions on the cadmium electrode in the presence of 

surfactant in the solution of 0.5 M Na2 SO4, in the concentration range of surfactants 0,7.10
-3

% -20.10
-3

 %. The 

equilibrium potential of cadmium is -0.44 V, the potential of zero charge is equal to -0.75 V, so the process of 

electro-reduction of cadmium in the absence of surfactant occurs on the positively charged electrode surface [1]. 

 

 
 

 Figure 1 shows the polarization curves of electro-reduction of cadmium ions in the background solution in 

the presence PolyDADMAC. The figure shows that the addition of polymer leads to a change in the course of 

the polarization curves of electro reduction of cadmium ions (II) on the same electrode [2]. There has been an 

increase in inhibition of the discharge of ions Cd (II) with increasing bulk concentration of polymer in solution, 

evident in the increasing polarization and decreasing current recovery. Often sold the inhibitory effect of 

surfactant has a more negative potential in the field of Eq = 0, where there is often sold recession currents 

recovery [3]. 

 
 

Fig. 2: LgI polarization dependence of η. 

 

 Calculated under these conditions, the exchange currents I0 are shown in Table 1. 

 
Table 1: Exchange currents of the discharge of cadmium ions (II) on the electrode in the presence of cadmium PolyDADMAC, T = 298K. 

The composition of the electrolyte: 0.001 M Cd 2+ +0,5 M Na2 SO4 [4]. 

Сsurfactant.10-3,% 

surfactant 

 

0,0 0,7 2,6 4,0 6,6 13,0 20,0 

PolyDADMAC 0,74 0,70 0,65 0,68 0,68 0,41 0,35 

 

 Analysis of the data in the table shows that with increasing bulk concentration of surfactant in the solution 

investigated at T = 298K the exchange currents are reduced, which indicates a decrease in the rate of the 

electrode process in the presence of surfactants. The values of exchange current (I0) shows that, when added to a 

solution of additives PolyDADMAC observed a marked decrease in value of I0. This suggests that in the 

presence of a significant inhibition of PolyDADMAC is considered the electrode process [5]. 

 As previously mentioned the temperature affects not only the flow of electrochemical reactions and the 

inhibitory effect of surfactants. By studying the temperature-kinetic characteristics of the electrochemical 

reduction of metal ions, we can conclude that the kinetics of the process. To obtain data on changes in the 

kinetics of recovery of cadmium ions (II) c increasing temperature, the process has been studied in the 

temperature range 298-328K on a background of 0.5 M Na2SO4. The resulting polarization curves are shown in 

http://en.wikipedia.org/wiki/PolyDADMAC
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Figure 3. The figure shows that with increasing temperature in the absence of surfactant increases the rate of 

electrochemical reaction, increasing the cathode current [6]. 

 

 
 

 Tafel dependence obtained from the polarization curves are straight (Fig. 4), the value of α varies only 

slightly. 

 
 

Fig. 4: Tafel curves obtained from the polarization curves are straight. 

 

 Calculated under these conditions, the exchange currents increase with increasing temperature Table 2. 

 
Table 2: The values of exchange current discharge of cadmium ions (II) oncadmium electrode, against a background of 0.5 M Na2SO4 at 

different temperatures. 

Т,К 298 308 318 328 

І0.10-3А/см2 0,74 0,90 1,20 2,40 

 

 We carried out temperature-kinetic analysis of the polarization curves (Fig. 5). 

 Calculated under these conditions, the values of effective activation energy of the discharge of cadmium 

ions (II) on the cadmium electrode in a solution of 0.5 M Na2SO4 up 31,5 ± 0,2 kJ / mol and is independent of 

polarization, which indicates a diffusion control process in the discharge of ions Cd2 cadmium electrode [7]. 

 

 
 

Fig. 5: Arrhenius dependence electroreduction of cadmium (II) on the background of 0.5 M Na2SO4. 
 

 Temperature affects not only the occurrence of electrochemical reactions, as well as affect the inhibitory 

properties of PAV.S order to clarify the effect of temperature on the inhibitory properties of surfactants and their 

effect on the level of cadmium ions (II) the presence of surfactants were investigated electrochemical behavior 

of cadmium ions in the presence of surfactants in the temperature range 308-328K. 

 Shown in Figure 6 Polarization curves of electro reduction of cadmium ions on the cadmium electrode in 

the presence of PolyDADMAC at 238K [8]. 
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 As can be seen from the figure, when the temperature PolyDADMAC inhibitory effect persists and there is 

a significant decrease in current recovery and increase the polarization in comparison with the uninhibited 

process. 

 
 

 Corresponding to these polarization curves depending on IgI straightforward, α remains practically 

unchanged, indicating that the immutability of the kinetics of the studied conditions. 

 Table 3 shows the values of the exchange currents of the discharge of cadmium ions (II) in the presence of 

surfactants at different temperatures, the electrolyte 0.001 M Cd 
2+

 +0,5 M Na2SO4. 

 
Table 3: 

Сsurfactant.10-3,% 

 

PolyDADMAC, Т,К 

308 318 328 

0,0 0,90 1,2 2,4 

0,7 0,81 1,0 2,2 

2,6 0,79 0,82 2,0 

4,0 0,73 0,88 1,8 

6,6 0,66 0,91 1,6 

13,0 0,45 0,71 1,4 

20,0 0,35 0,58 1,3 

 

 Analysis of the data in the table shows that with increasing temperature at constant surfactant content in the 

solution value of the exchange currents of the process increases. And with increasing surfactant concentration 

and at T = const, the value of exchange current decreases. 

  A kinetic analysis of the temperature and polarization curves. Figure 7 shows the temperature-dependence 

of kinetic ion discharge of cadmium (II) in the presence of surfactants. As the figure shows the dependencies are 

straight [9]. 

 
 

 Changes in value of the activation energy, calculated numbers from the slope of the temperature and kinetic 

dependences are shown in Table 4.  

 
Table 4: 

Сsurfactant10-3,% 

 
0 6,6 13,0 20,0 

PolyDADMAC 31,5 32,6 33,0 35,3 

 

 These tables show that in the presence of surfactants the values of A eff increases with increasing 

concentration of surfactant increases Aeff shows that the introduction of the studied surfactants on the electrode 

surface formed dense adsorbed layers, which require an additional expenditure of energy for electron transfer 

through the electrical double layer. 
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 For more information about the course of the electrochemical reduction reaction of Cd (II) in the absence 

and in presence of surfactants we calculated the thermodynamic parameters of the process. 

 Table 5 shows the values of the effective activation enthalpy (∆Нef
#
), the effective value of the entropy of 

activation (∆Sef
#
) and Gibbs free energy values (∆Gef

#
) process. 

 
Table 5: The values of thermodynamic parameters of the discharge of cadmium ions (II) on the same solid electrode. The composition of 

the electrolyte: 0.001 M Cd 2+ + 0,5 M Na2SO4. Csurfactant = 20,0.10-3%. 

Csurfactant ∆Нef
# ∆Sef

# ∆Gef
# ∆Нef

# ∆Нef
# ∆Gef

# 

Т,К kJ / mol kJ / mol kJ / mol kJ / mol kJ / mol kJ / mol 

298 29023 -207 90709 32823 -200 92423 

308 238939 -209 93311 32739 -205 95879 

318 28856 -210 95636 32656 -201 96574 

328 28773 -208 96997 32573 -202 98829 

 

 Analysis of the data in the table shows that in the absence of surfactant in the solution of the Gibbs energy 

values and the values of the effective activation enthalpy of the process increases with increasing temperature, 

and the value of the effective activation energy remains practically unchanged. When injected into the surfactant 

solution and the value of ∆Нef
#
 and ∆Gэф

#
 increase, and the value of # ∆Sef

# 
 is mixed. 

 Thus, we can conclude that we studied as a surfactant PolyDADMAC influence on the electrochemical 

behavior of cadmium ions (II) on the same solid electrode. 

 Temperature-kinetic studies indicate that inhibition of the process is preserved at elevated temperatures. We 

can conclude that we studied surfactants can be recommended as inhibitors of electro-reduction of cadmium (II) 

in the studied temperature range [10]. 

 

Conclusion: 

 The effect of surfactants on electrochemical reduction of surfactant ions of cadmium (II) at various 

temperatures. On the basis of temperature- kinetic studies have shown that the process of recovery of cadmium 

(II) on kadmiimennom electrode is under the control of diffuse , as evidenced by the independence of the values 

of the activation energy of the process of polarization. Inhibition of the electrochemical reaction of surfactant is 

due to the formation of dense adsorption layers that require extra energy to carry through the electric double 

layer . Increase in temperature reduces the braking efficiency of the reaction by increasing the total energy and 

thus increase the value of the discharge current exchange ions , but nevertheless effective displacement of the 

activation entropy allows us to conclude that the temperature increases studied surfactants retain inhibitory 

properties . 

Findings: 

 Thus, we can conclude that we studied as surfactants  POLYDADMAC affect electrochemical behavior of 

cadmium (II) on the same solid electrode. 

 Temperature-kinetic studies indicate that inhibition of stored at elevated temperature. It can be concluded 

that we studied surfactants can be recommended as inhibitors electroreduction cadmium (II) in the temperature 

range studied. 
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