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Characteristic of standard sacrificial alloys on the base of 

aluminum, magnesium and zinc is extremely low contents in them 
the cathode impurity elements. The raised content of impurities 
results in the chemical and structural non-uniformity of alloys 
causing of electrochemical heterogeneity in system metal-
electrolyte that destabilizes and reduces operational properties of 
cast protectors. 

To stabilize the electrochemical properties of sacrificial 
alloys with high content of cathode impurities and possibility of use 
in the preparation of alloys from metals of technical grades and 
waste products was designed principles of alloying that help to 
reduce and neutralize impurity elements. 

In this message results of researches on influence of the 
selected alloying elements on the main electrochemical properties 
of sacrificial alloys with the raised content of iron, copper and lead 
are provided. 

Most undesired impurity of these cathode impurity elements 
is iron. During the preparation of alloys and casting of protectors 
risk of contamination is high enough, as the source of their falling 

into the melt in addition to the charge materials is melting-casting 
tool, and in the case of use of return materials – steel fixings details 
of protectors. Contamination of molten zinc with lead and copper at 
smelting process do not occur, and contents of these elements in the 
alloy are determined by their content in the original charge 
materials. Therefore, when evaluating the possibility of applying for 
the manufacture of zinc protectors technical grade materials should 
focus on studying of the behavior of iron in zinc and zinc sacrificial 
alloys. 

Investigation of the effect of iron content on the 
electrochemical properties of of zinc and alloy TsP1 (system Zn-Al) 
in seawater performed using known methods [1,2] (fig. 1). These 
results allows to suggest that increasing the iron content in the zinc 
from 0.001 to 0.05% leads to decrease in the coefficient of use 
efficiency (CUE) from 93 to 38.2% and to shift of the working 
capacity in the positive direction from -730 to -305 mV. On the 
base of results of processing of the experimental data was obtained 
by the regression equation describing the dependence of the basic 
electrochemical properties of zinc from iron content: 

 
Fig. 1. CUE (a) and work potential (b) of zinc and zinc alloy TsP1  

with different content of iron 
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CUE = 93,41 - 3649,87Fe + 208880,55Fe2 - 6103174,6FеЗ + 
         + 58919914Fe4;  
φn = -740,1 + 15511,54Fe - 276757,69Fe2 + 2791165,8FеЗ ;  
Studies of the effect of iron on the electrochemical properties of the 
standard zinc sacrificial alloy TsPl (system Zn-Al) show that 
increasing the iron content from 0.001 to 0.05% with a fixed content 
of copper and lead (not more than 0.001% and 0.005, respectively) 
leads to a large reduction and spread of values of CUE from 95 to 
50% and work potential from -740 to -450 mV. The dependence of 
these properties from the iron content of the alloy within specified 
limits described by the following regression equations: 
CUE = 98,67 - 3743,06Fe + 176714,85Fe2 - 4240142,2Fe3 + + 
36352656Fe4;  
φn = -740,3 + 11391,91Fe - 421137,85Fe2 + 9558385,5FеЗ - 
67350184Fe4. 
At solving of problem of improving and stabilizing of electro-
chemical properties of zinc containing iron above the limits 
permissible by standards are possible two ways. The first is 
pre-refining of zinc from iron by introducing of elements non-
dissolving in zinc prone to extraction [3], while the second 
provides an introduction to the zinc elements-additives which 
are alloying components, i.e. creation of new compositions of 
zinc sacrificial alloys. These elements must meet the 
following requirements: 
- forming a solid solutions with zinc, and (or) intermetallic 
compounds whose potential is close to that of zinc, or don’t 
interact with it;  
- to form solid solutions with iron and (or) intermetallic 
compounds, reducing or completely neutralizing its harmful 
effects;  
- to stabilize and improve the electrochemical properties of 
zinc;  

- exclude passivation of zinc. 
For zinc with high iron content using the principles of synthesis of 
alloys and taking into account the physico-, metal-, electrochemical 
and technological properties of the elements, the nature of their 
interaction with zinc and iron, and technical-economic indicators [4] 
was identified a number of alloying elements - aluminum, 
manganese, silicon and cadmium. Aluminum is the major alloying 
element in the sacrificial zinc alloys, which increases and stabilizes 
the electrochemical properties of zinc; manganese and silicon 
forming with iron area of limited solid solutions and intermetallic 
compounds, binding and neutralizing its and simultaneously 
increasing of electrochemical properties of zinc; cadmium promotes 
destruction of the passivating film formed on the zinc surface in 
seawater. 
To assess the influence of selected alloying elements on the 
properties of zinc have been studied basic electrochemical (CUE 
and φn) properties of the alloys of the Zn-Al, Zn-Mn, Zn-Si and Zn-
Cd with different contents of the alloying elements and impurity of 
iron. The concentration of adding in zinc alloying elements 
(aluminum, manganese, and cadmium) corresponds to the area of 
solid solutions in the system "zinc - alloying element", concentration 
of silicon corresponds to its content in known sacrificial zinc alloys 
of high purity and concentration of iron impurities corresponds to its 
content in zinc of grades from TsV00 to Ts2 and in return materials. 
According to the results of researches was found that additions of 
selected alloying elements can increase and stabilize CUE of zinc 
with a high content of iron impurity, and the greatest positive 
influence have cadmium, manganese and silicon (fig. 2). 

 
Fig. 2. CUE of alloys of systems Zn-Al (a), Zn-Mn (b), Zn-Si (c), Zn-Cd (d)  

with different content of iron 
 
Introduction of aluminum, manganese and silicon to zinc 

with a high content of iron impurities can significantly increase and 
stabilize its electronegative potential at polarization (Fig. 3). 
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Fig. 3. Work potential (mV) of alloys of systems Zn-Al (a), Zn-Mn (b), Zn-Si (c),  

Zn-Cd (d) with different content of iron 
 

Highest values of CUE and φn of alloys of studied binary systems 
comply with the following concentrations of alloying elements:  
system Zn-Аl: (0,4÷0,6% Аl):  
CUE = (94÷95) .. (48÷50) %; φn = -(738÷740) .. -(445÷450) мВ ; 
system Zn-Мn: (0,1÷0,3% Мn):  
CUE = (95÷96) .. (54÷55) %; φn = -(747÷750) .. -(473÷480) мВ;  
system Zn-Si: (0,005÷0,025% Si):  
CUE = (93÷95) .. (53÷ 56) %; φn = -(745÷ 750) .. -(470÷480) мВ;  
system Zn-Сd: (0,1÷0,3 % Cd):  
CUE = (89÷96) .. (55÷65) % ;  φn = -(730÷750) .. -
(425÷440) мВ.  
At such content of alloying elements alloys of studied systems have 
maximal level of structural and electrochemical homogeneity. 
Further increase in the content of alloying elements increases the 
structural and electrochemical heterogeneity alloys, resulting in 
decreasing and destabilization of electrochemical properties, 
especially CUE. 
 
 
 

Conclusion 
1. Increase in the content of the cathode impurity of iron in zinc and 
zinc alloys leads to decreasing and destabilize their basic 
electrochemical properties, especially the CPI.  
2. For zinc with a high content of iron impurity aluminum, 
manganese, silicon and cadmium are recommended as alloying 
elements.  
3. Using of selected alloying elements can improve and stabilize the 
CUE and the negative potential at polarization of zinc with a high 
content of iron impurities, and the greatest positive influence have 
cadmium, manganese and silicon. 
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