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Electrolyte type, due to the nature of its constituent ions, affects the reaction rate, the uniformity of the 
electric field and formation of the external layer on the workpiece surface in the machining area during 
the electrochemical machining process, as well as causing different dissolution behaviors of the 
workpiece to be created. Therefore, in this study the effect of sodium chloride, sodium nitrate, 
potassium chloride and hydrochloric acid electrolytes with different currents on the electrochemical 
machining characteristics of stainless steel 304, including material removal rate, side gap and surface 
roughness, has been investigated. The results showed that the formation of passive layer during the 
machining with sodium nitrate electrolyte reduces the material removal rate and side gap compared with 
sodium chloride and potassium chloride electrolytes. According to the experimental results the surface 
roughness in the sodium chloride and potassium chloride electrolytes is decreased by increasing the 
machining current, but increases in the sodium nitrate electrolyte. Also, the material removal rate is 
slightly increased and side gap increases with sodium chloride, sodium nitrate and potassium chloride 
when combined with hydrochloric acid. On the other hand, the surface roughness is reduced in  
combined sodium chloride and potassium chloride electrolytes, but increases in the combined sodium 
nitrate electrolyte.  
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1 304  
Table 1 Weight percent of alloying elements in the 304 
stainless steel  

        
Al 0.024  S  0.018  
C  0.046 Si  0.372  
Cr  17.670  V  0.069  
Cu  0.689  W  0.044  
Mn 0.886  Fe  71.340  
Mo 0.163 Ni 8.679 

2 304  
Table 2 Mechanical and physical properties of the 304 stainless 
steel

      
  MPa 500-700  

  GPa 200  

  MPa 190  

  %  45  

  HV  215    

(  kg/m3  7.9  

  µ  m 0.73 

  W/m.k 15  

1- But 
2- Stray current effect 

3   
Table 3 Physical properties of copper tool 

      
 gr/cm3 8.93 

  °C 1083  

  °C 2580 

  W/m.k 380.7 

  Sm/mm2 59.5 

  N/mm2 HB 45 

  
Fig. 1 Machined workpieces in experiments 

1        

 
Fig.2 (a) Copper tool before coating (b) Copper tool after 
coating 
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Fig. 3 Equipment for experiments 
3  

 .4 
ECM  .  

2 -3-   
 1 

0.0001  .
    

 .  
) 1  (  

)1                                                      (             
) 1 (MRR ) gr/min(M1 

) gr(M2 ) gr(t 
) min .  ( 

 10002  
 .  

  

Fig. 4 Schematic diagram of ECM and it's equipment 
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Table 4 Characteristics of the used electrolytes in experiments [12,13] 

5    
Table 5 Conditions and parameters set in experiments 

        
1    V 10  

2    A 35,45,55  

3    L/min 3 ± 0.5  

4    bar 0.5 ± 0.02 

5    °C 26 ± 1 

6    mm 0.3 

7    Min 5  

8    -  NaCl,NaNO3,KCl, HCl 

9    M 0.1+1 , 1  
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Fig. 5 Material removal rate variations to the change of current 
in sodium chloride, sodium nitrate and potassium chloride 
electrolytes at the concentration of 1 Molarity 

5  

 1  

    
      

)gr/M(  

 
)°C20 (

cm2 

U 
°C20 cm2/v.s °C25  

°C20(  
 g/cm2 

1    NaCl   NaCl 58.44 126.45 UCl-= 7.91×10-4  359 2.17 UNa+= 5.19×10-4  

2    NaNO3   
  

84.98 121.56 UNO3-= 7.4×10-4  912 2.257 UNa+= 5.19×10-4 

3    KCl   KCl 74.54 149.85 UCl- = 7.91×10-4  359 1.984 UK+ = 6.1×10-4  

4    HCl   Cl 36.46 426.16 UCl- = 7.91×10-4  - 1.18  UH+ = 25.2×10-4  
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Fig. 6 Material removal rate variations to the change of current 
in combined sodium chloride, sodium nitrate and potassium 
chloride electrolytes with hydrochloric acid  

6  
 

 
Fig. 7 Material removal rate variations to the change of current 
in sodium chloride electrolyte and its combined electrolyte with 
hydrochloric acid 

7   
   

  
Fig. 8 Material removal rate variations to the change of current 
in sodium nitrate electrolyte and its combined electrolyte with 
hydrochloric acid 
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Fig. 9 Material removal rate variations to the change of current 
in potassium chloride electrolyte and its combined electrolyte 
with hydrochloric acid 
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Fig. 10 Side gap variations to the change of current in sodium 
chloride, sodium nitrate and potassium chloride electrolytes at 
the concentration of 1 Molarity 

10 
1   

  
Fig. 11 Side gap variations to the change of current in 
combined sodium chloride, sodium nitrate and potassium 
chloride electrolytes with hydrochloric acid  

11 
 

  
Fig. 12 Side gap variations to the change of current in sodium 
chloride electrolyte and its combined electrolyte with 
hydrochloric acid 

12   
  

  
Fig. 13 Side gap variations to the change of current in sodium 
nitrate electrolyte and its combined electrolyte with 
hydrochloric acid 

13   
  

  
Fig. 14 Side gap variations to the change of current in 
potassium chloride electrolyte and its combined electrolyte with 
hydrochloric acid 
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Fig. 15 Surface roughness variations to the change of current in 
sodium chloride, sodium nitrate and potassium chloride 
electrolytes at the concentration of 1 Molarity 
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Fig. 16 Surface roughness variations to the change of current in 
combined sodium chloride, sodium nitrate and potassium 
chloride electrolytes with hydrochloric acid  
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Fig. 17 Surface roughness variations to the change of current in 
sodium nitrate electrolyte and its combined electrolyte with 
hydrochloric acid 

17    
  

  
Fig. 18 Surface roughness variations to the change of current in 
sodium chloride electrolyte and its combined electrolyte with 
hydrochloric acid 
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Fig. 19 Surface roughness variations to the change of current in 
potassium chloride electrolyte and its combined electrolyte with 
hydrochloric acid 
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Fig. 20 Schematic fig. of the electrolyte feeding to the 
machining gap 

20  



    

304     

  

52  1395163  

 
Fig. 21 Positions of the measured surface roughness from the 
workpiece center 

21  
  

  
Fig. 22 Surface roughness variations to distance from 
workpiece center for 1 Molarity sodium chloride electrolyte in 
the different currents 

22   
1  

  
Fig. 23 Surface roughness variations to distance from 
workpiece center for the 1 Molarity sodium nitrate electrolyte 
in the different currents 

23  
1  

  
Fig. 24 Surface roughness variations to distance from 
workpiece center for the 1 Molarity potassium chloride 
electrolyte in the different currents 

24 
1   

  

  
Fig. 25 Surface roughness variations to distance from 
workpiece center for the combined sodium chloride electrolyte 
with hydrochloric acid in the different currents 

25 
  

  
Fig. 26 Surface roughness variations to distance from 
workpiece center for the combined sodium nitrate electrolyte 
with hydrochloric acid in the different currents 
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Fig. 27 Surface roughness variations to distance from 
workpiece center for the combined potassium chloride 
electrolyte with hydrochloric acid in the different currents 
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