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Article info:  
In this study, the relationship between the effect of machining parameters on 

machining characteristics and surface morphology was studied  in 

electrochemical machining (ECM). The characteristics were material removal 

rate (MRR), over cut (OC), surface roughness (SR), and surface morphology. 

The results show that MRR is increased by increasing the current, but OC is 

decreased. Increasing concentration causes increasing MRR, OC, and SR. 

Also, the analysis of surface morphology shows that the electrolyte type affects 

the dissolution mechanism and surface layer formation in ECM. There are 

cavities in NaCl and KCl; their diameter, depth and distribution on the 

machined surface are changed by parameters, and their diameters were 4 μm 

to 9 μm. Increasing ion concentration causes an enhancement in the diameter 

size and depth of created cavities on the workpiece, but their uniform 

distribution decreases, while the current has a reverse effect on them. On the 

other hand, an oxide layer is formed on the machined surface in NaNO3, and 

by increasing current and concentration, breaking and the anion cavity effect 

are increased on this layer. So, increasing the MRR and SR is due to this 

phenomenon in NaNO3. 

Abstract 

Article history:  

Received: 00/00/0000  

Revised: 00/00/0000  

Accepted: 00/00/0018  

Online: 00/00/0000  

Keywords:  

Electrochemical machining 

(ECM),  
Oxide layer, 

 

Machining characteristics,  

Surface morphology,  

Surface cavity effect.  

*Corresponding author: 

mrshabgard@tabrizu.ac.ir  

 

 

1. Introduction  

 
The ECM process involves controlled anodic 

dissolution that takes place within the inter-

electrode gap, driven by a combination of 

complex hydrodynamic, chemical, and physical 

phenomena. These include the transport of ions 

through the electrolyte, redox reactions 

occurring at the electrode surfaces, and the 
convective flow of electrolyte within the 

electrodes gap [1-5]. The important parameters 

of this process are the type and concentration of 

ions that exist in the machining area, and  the 

electric field that affects the movement rate of 

ions in this area. Studying the machined surface 

and residual effects on this surface is important 

due to the relation between experimental results 

such as surface roughness (SR), material 

removal rate (MRR), and over cut (OC). On the 

other hand, the workpiece surface morphology is 

an important parameter in the performance and 

the workpiece time, and it is considered an 

important characteristic. Some studies had been 
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done on the effect of input parameters on the 

output, separately. Tang et al. [6] investigated 

the influence of electrolyte type on the current 

efficiency and surface roughness. Their result 

showed that NaCl has the highest current 

efficiency. Also, when the feed velocity of the 

cathode increases, a gradual reduction in surface 

roughness is observed. Sorkhel and 

Bhattacharyya [7] reviewed parametric control 

for achieving the optimal quality of the 

workpiece surface in the ECM process. They 

used NaCl as an electrolyte in different 

concentrations. The results showed that the 

surface smoothness has a directed relationship 

with the electrolyte flow rate and current density 

in different concentrations, as well as the 

electrolyte concentration in a constant current 

density.  

Haisch et al. [8] studied the electrochemical 

dissolution mechanism of 100Cr6 using NaCl 

and NaNO3. This study indicated that a carbon-

rich layer is built up on the bed surface of the 

sample during machining of 100Cr6 when using 

a concentrated electrolyte solution of NaCl; this 

layer has loosely salted boundaries, and it is 

removed from the workpiece surface by the 

perturbation of the fluid passing through the 

specimen. But when NaNO3 is used as an 

electrolyte, a black surface layer forms on the 

specimen at the anodic potentials to +1.8V rather 

than the reference electrode NHE, which causes 

complete passivation of the bed surface of 

100Cr6. They observed that forming Fen+ 

increases by increasing current density (anodic 

potential) and decreasing electrolyte 

temperature. While in this condition, the oxygen 

evolution decreases and causes the break of 

black surface film on the specimen.  

Datta and Landolt [9] studied the influence of 

electrolyte concentration, PH, and temperature 

on surface brightening of nickel. They used a 

combination of NaNO3 and HNO3 electrolytes at 

different concentrations. The results showed that 

the current density increases because of more 

ionization by increasing the electrolyte 

concentration and temperature, so this case 

causes the brightening of the workpiece surface. 

Also, they announced that, in the studied area, 

the PH of the environment doesn’t affect the 

surface brightening.  

It’s necessary to study the relationship between 

the effect of machining parameters on machining 

characteristics and the residual effects on the 

machined surface for achieving logical reasons 

and applying the ECM to real parts. Ions have 

unique electrochemical properties that have 

different effects on the dissolution in the ECM. 

So the purpose of this research is concentrated 

on the effect of ions (anions and cations) at 

different concentrations and currents on the 

machining characteristics, and their relationship 

with the residual effects on the surface 

morphology. Therefore, in this study, the main 

purpose is to focus on this subject for the first 

time. 

 

2. Experimental study 

2.1. Experimental setup 

 

The electrochemical machining system, as its 

schematic illustration is shown in Fig. 1, was 

designed and constructed to do the experiments. 

This ECM device consists of four units. The 

voltage of the power supply is between 0 and 12 

V, and its maximum current is 200A. The control 

system includes a number of electronic circuits 

that can measure and control the gap changes 

during the machining process. It was innovated, 

and there are three control methods: the constant 

current density, defined feeding, and sensing of 

the workpiece in the specified periods. The 

constant current density method was used in this 

study. The tool feeding unit controls the tool 

moving along the Z axis during the machining 

process. 

 
Fig. 1. Schematic illustration of the ECM and its 

associated equipment. 
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The electrolyte unit includes storing, feeding, 

filtering, and temperature control of the 

electrolyte. There is a filter that is 5 μm, which 

was used to prevent impurity substances from 

entering the machining area and make a clean 

electrolyte in the process. In order to control the 

temperature of the electrolyte, a thermal 

exchanger system was used. It includes a 1500W 

heater, a temperature sensor PT100, a thermostat 

and current relay. Machining is done in a 

Plexiglas box, and the workpiece is held by a 

special fixture in it. Fig. 2 shows the ECM device 

and equipment related to the performance of 

experiments. 
 

2.2. Experimental Materials   
 

In the current research, commercially available 

304 stainless steel was employed as the 

workpiece material. The elemental makeup of 
the material was determined using a quantum 

analyzer, and the weight percentages of its 

alloying elements are listed in Table 1. 

Additionally, tools were fabricated from 304 

stainless steel, aluminum, and copper. Following 

preliminary trials, the copper tool was selected 

for further experiments due to its superior 

machining performance. Tool wear was found to 

be negligible. To minimize the effects of stray 

current and reduce unwanted material 

dissolution, the lateral surfaces of the tool were 

insulated with an epoxy coating. Figs. 3 and 4 

display the samples and the tool before and after 

the insulation process, in the given order. In this 

research, current, electrolyte type, and 

concentration were considered as key machining 

parameters. The electrolytes used included 

NaCl, NaNO₃, and KCl, which differ in their 

ionic compositions. NaCl and KCl are 

categorized as impassive electrolytes, whereas 

NaNO₃ is classified as a passive electrolyte. 

These were tested at concentrations of 1, 1.5, and 

2 mol/L. Other process parameters — voltage 

(10V), electrolyte flow rate (3L/min), electrolyte 

back pressure (0.05 bar G), electrolyte 

temperature (26 ± 1 °C), initial inter-electrode 

gap IEG (0.3 mm), and machining time (5 

minutes)—were maintained constant throughout 

the experiments.  

 
Fig. 2. Equipment for experiments: (a) power supply 

and control unit, (b) transmission and supply of 

electrolyte fluid unit, and (c) tool feeding unit. 

 
Table 1. Weight percent of alloying elements in the 

304 stainless steel. 
Element Wt.% Element Wt.% 

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 71.360 

Mo 0.163 Ni 8.679 

 

 
Fig. 3. Machined workpieces in experiments. 

 

 
Fig. 4. The tool before and after the insulation 

process: (a) tool after coating and (b) tool befor 

coating. 
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Table 2 summarizes the ECM experimental 

conditions. Each experiment was repeated three 

times, then the average of the experiments was 

considered the result of each experiment. A 

standard analytical balance with a precision of 

0.0001 g was employed to measure the material 

removal rate (MRR). Prior to and following the 

experiments, the samples were thoroughly 

washed with distilled water, completely dried, 

and then weighed to determine the mass change. 

The material removal rate (MRR) was 

determined using Eq. (1): 

 

𝑀𝑅𝑅 =  
𝑀1−𝑀2

𝑡
                                             (1)                                                                                 

Here, MRR represents the material removal rate 

(g/min), M₁ is the mass of the workpiece before 

machining (g), M₂ is the mass after machining 

(g), and t is the machining time (min). To 

measure the OC in the machined samples, a 

Starrett HS1000 profile projector was utilized. A 

magnified image of each sample was projected 

onto the device screen, and several reference 

points were marked along the side edges of the 

machined area. The average machined diameter 

was  calculated based on these 

measurements. The OC value was calculated 

by Eq. (2): 

𝑂𝐶 =
 𝐷𝑝−𝐷𝑡 

2
                                                     (2)                                                                                        

Here, Dp is the machined workpiece diameter 

(mm) and Dt is the tool diameter (mm).  

The SR of the samples was measured using 

a Mahr Perthometer roughness tester. 

Measurements of roughness average (Ra) 

were taken at central, middle, and lateral 

regions of the workpiece, and the mean of 

these readings was considered as the SR of 

the machined workpieces. 

3. Results and discussion 

3.1. Effects of machining parameters on MRR 

The MRR variations relative to current in 

different electrolytes are shown in Fig. 5. As can 

be seen in Fig. 5, MRR is increased in different 

electrolytes by increasing the current. The rate of 

oxidation and reduction reactions in the 

machining area are increased by increasing the 

current, and this raises the stimulation of ions 

from the workpiece to the electrolyte solution. 

This phenomenon increases the MRR according 

to Eq. (3) [6, 10].  
 

𝑀𝑅𝑅𝑔 =  𝜂
𝐴𝐼

𝑍.𝐹
                                                    (3)                                                                                     

Table 2 . Experimental conditions for ECM. 
Unit Value Parameters 

V 10 Voltage 

A 35,45,55 Current rate 

Lit./min 3±0.5 Electrolyte flow rate 

Bar.G 0.5±0.02   Back pressure of electrolyte 

°C 26±1 Electrolyte temperature 

mm 0.3 Initial setting gap 

min 5 Machining time 

       NaCl, NaNO3, KCl Electrolyte type 

M 1, 1.5, 2 Electrolyte concentration 
 

 

 

 
Fig. 5. MRR variations relative to the current 

changes: (a) 1M, (b) 1.5 M, and (c) 2M.  
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where, I is the current (A), A is the atomic mass 

(g), Z is the dissolution capacity, F is the Faraday 

constant (96500K), and η is the efficiency of the 

machining current. 

Also, as is shown in Fig. 5, the MRR values of 

NaNO3 are less than NaCl and KCl. This is due 

to the difference in the participation of NO3
- and 

Cl- anions in the dissolution process. In 

machining with NaNO3, part of the machining 

current, based on Eqs. (4 and 5), is spent for 

evolution of oxygen and formation of passive 

layer (oxide layer) on the workpiece surface 

through Eq. (6). This reduces the efficiency of 

the machining current and therefore reduces the 

MRR of NaNO3 [6, 8, 11, 12]. But in machining 

with NaCl and KCl which have Cl-, the 

efficiency of the machining current is the 

maximum due to lack of oxygen evolution and 

non-formation of the passive layer. This causes 

to be high rate of machining at these electrolytes 

compared to the NaNO3, according to Eq. (3) [8]. 

 

Acidic environment                                          

 2𝐻2 𝑂 →  𝑂2(𝑔) + 4𝐻+ + 4𝑒                       (4) 

Alkaline environment                                       

4𝑂𝐻− →  𝑂2(𝑔) + 2𝐻2 𝑂 + 4𝑒                        (5)                                                 

𝑀𝑒 +  𝑛𝐻2 𝑂 → 𝑀𝑒𝑂𝑛 +  2𝑛𝐻+ + 𝑛𝑒−        (6)                                                                                                                                            

    

The MRR variations relative to the molar 

concentration in different electrolytes are shown 

in Fig. 6. It can be seen that the MRR is increased 

by increasing the molar concentration of the 

electrolyte ion at different currents in all studied 

electrolytes. The reason can be because of 

unchanging other parameters of the ECM 

process; the MRR depends on the value of 

participation and activity of ions in the 

dissolution process. By increasing the ions’ 

concentration, the number of ions participating, 

and their activity are increased. These increase 

the participation of ions in the dissolution 

process and therefore increase the MRR [10, 13]. 

The activity of each ion depends on the ionic 

strength of the electrolyte (I) and it depends on 

ions’ concentration based on Eq. (7) [14, 15]. 

 

I = 1/2 ∑ Ci Zi2n
i=1                                          (7)    

 

 

 

 
Fig. 6. MRR variations relative to the molar 

concentration in different electrolytes: (a) I=35A (b) 

I=45A, and (c) I=55A. 

where, Ci is the concentration of ion i, Zi is the 

charge number of the ions in the electrolyte 

solution. Also, it can be seen that the optimal 

value for all the electrolytes occur in high 

concentrations. The maximum MRR is 0.4255 

g/min, and it was obtained under the machining 

conditions of electrolyte concentration of 2 

molarity and current of 55A with KCl. 

 

3.2. Effects of machining parameters on OC  

The OC variations relative to the molar 

concentration at different electrolytes are shown 

in Fig. 7. As can be seen, OC is increased by 

increasing the molar concentration. The reason 

is because of the electrolyte molar concentration 



JCARME                                                                                                                                  Vol. X, No. X 

6 

 

on the basis of Eq. (8) that causes to enhance in 

conductivity of three electrolytes [16]. The high 

electrolyte conductivity increases the effects of 

stray current in the side gap area. Therefore, the 

local effect of electrochemical dissolution 

reactions decreases in high concentration of ions 

and causes increasing OC.  
 

𝐾 = 𝑒0(𝑛+𝑧+𝑢+ +  𝑛−𝑧−𝑢−)                          (8) 
 

where, K is the electrolyte conductivity, eo is the 

elementary electric charge, n+ is the number of 

cations, z+ is the charge number of cations, u+ is 

the cation mobility, n- is the number of anions, z- 

is the charge number of anion and u- is the anion 

mobility. 

 

 

 

Fig. 7. OC variations relative to the molar 

concentration in different electrolytes: (a) I=35A, (b) 

I=45A, and (c) I=55A. 

It can be seen in Fig. 7, OC values of NaNO3 are 

lesser than NaCl and KCl. It is due to the passive 

oxide layer formed on the edge of the workpiece 

in the machining with NaNO3. This reduces the 

stray current flux in side gap area and, in turn, 

reduces OC value [17, 18]. Also, Fig. 7 shows 

that the OC value of KCl is higher than NaCl. 

The high velocity of K+ compared to Na+ causes 

being a difference in the molar conductivity (ʌ) 

of NaCl (126.45 cm2/Ω) and KCl (149.85 cm2/Ω) 

[16]. The high conductivity of KCl changes the 

current density distribution and increases the 

stray current flux value in the side gap area. This 

leads to increase the unwanted dissolution value 

of workpiece so, it increases OC.  

The OC variations relative to current are shown 

in Fig. 8. The OC is reduced by increasing the 

current in all electrolytes. It is because of by 

increasing the current, reactions rate increases in 

the machining gap, so it increases the products 

of the reactions (metal hydroxides and metal 

salts) [10]. These products aren’t conductive and 

cause to reduce the value of the stray current flux 

in the side gap area and OC compared to low 

currents. The minimum OC obtained in this 

study is 0.408 mm. It was obtained under the 

machining conduction of electrolyte 

concentration of 1 molarity, current of 55A and 

NaNO3. 
 

3.3. Effects of machining parameters on SR 
 

The SR variations relative to the current are 

shown in Fig. 9. According to these results, the 

SR values of NaCl and KCl, in the different 

concentrations, are reduced by increasing the 

current, but it is increased by increasing the 

current in the NaNO3. The loose salt layer forms 

on the surface workpiece in machining with 

NaCl and KCl [3, 19]. It has a direct relation with 

the amount of current and causes more uniform 

distribution of the machining current in the 

workpiece surface at high current densities.  

The uniform distribution of machining current in 

the workpiece surface causes homogeneous 

dissolution and improves surface smoothness of 

the workpiece in high current densities. In the 

NaNO3, based on different current, there are 

three machining zones, passive, transpassive and 

stable state. 
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Fig. 8. OC variations relative to the current changes 

in different electrolytes: (a) 1M (b) 1.5 M and (c) 2M.  
 

In the passive zone, the entire current is used for 

the oxygen gas evolution and formation of the 

oxide layer. When the current increases, part of 

the current is used for the breakdown of the 

oxide layer and this is the transpassive zone. So, 

the breakdown of the oxide layer increases with 

increasing of current. 

Fig. 10 shows variations of SR compared to the 

molar concentration. As can be seen, the SR is 

increased by increasing the electrolyte 

concentration. It can be stated that by increasing 

the electrolyte concentration in NaCl and KCl, 

ion participation is increased in the dissolution 

process, and it causes increasing the products 

(metal hydroxides, sludge, and metal salts). 

 

 

 
Fig. 9. SR variations relative to the current changes 

in different electrolytes: (a) 1M (b) 1.5 M and (c) 2M.  

 

Therefore, their deposition on the anode surface 

creates a heterogeneous dissolution and an 

irregular ECM on the workpiece surface so, SR 

increases [20]. However, increasing the 

electrolyte concentration in NaNO3 increased the 

absorbed anions numbers on the oxidized 

surface. This causes to break the oxide layer and 

increases the anions cavity effects on this layer, 

thereby increases SR. According to Fig. 10, it 

can be seen that at all concentrations and 

currents, the obtained values of SR for KCl are 

higher than NaCl. The reason for this difference 

is high electrical conductivity of KCl compared 

to NaCl. High mobility of K+ increases the rate 

of electrochemical reactions in the machining 

area, and it raises heterogeneous dissolution 
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compared to NaCl. Minimum SR was 0.465 m, 

and it was obtained under the machining 

conditions of 1 molarity concentration, 55A 

current and NaCl. 
 

3.4. Effects of machining parameters on 

machined surface morphology 

 

The surface morphology of machined workpiece 

at concentrations 1, 1.5 and 2 molarity for NaCl 

and KCl are shown in Figs. 11 and 12. As it is 

clear in the figures, different morphologies are 

visible in different concentrations of NaCl and 

KCl. In these figures, there are some cavities that 

their diameter, depth, and distribution are 

changed in the machined surface by changing of 

electrolyte concentration.  

 

 

 
Fig. 10. SR variations relative to the electrolyte 

concentration in different electrolytes: (a) I=35A, (b) 

I=45A, and (c) I=55A. 

The diameter of these cavities is enhanced by 

increasing concentration, and it is 4μm in 1 

molarity, 7μm in 1.5 molarity and 9 μm in 2 

molarity for both of them. So, this increasing of 

concentration causes unifing the  cavities in some 

areas and form large cavities, as is shown in Fig. 

13, it increases SR. On the other hand, by 

increasing the concentration, the depth of the 

cavities is increased, but the uniformity of their 

distribution is decreased. The effect of 

electrolyte concentration increasing in the 

process, which is associated with participation of 

most ions in the dissolution process, is evident in 

these figures and that is the creation of 

heterogeneous machining conditions. The 

experimental results are according to the results 

of these figures of machined surface 

morphology. The surface morphology of the 

machined workpiece at concentrations 1, 1.5 and 

2 molarity of NaNO3 is shown in Fig. 14. 
 

 
Fig. 11. Machined surface morphology in different 

concentrations of NaCl at 45A current: (a)1 Molarity 

(b) 1.5 Molarity, and (c) 2 Molarity. 

 
Fig. 12. The machined surface morphology in 

different concentrations of KCl at 45A current: (a)1 

Molarity, (b) 1.5 Molarity, and (c) 2 Molarity. 

 
Fig. 13. The interference of cavities with each other 

on machined surface morphology in different 

concentrations of KCl at 45A current: (a) 1 Molarity 

(b) 1.5 Molarity, and (c) 2 Molarity. 
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In this figure, the oxide layer that is formed in 

the machining with NaNO3, the breaking and 

anion cavity effect of this layer are visible 

clearly. The effect that occurs due to the 

adhesion of anion to the oxide layer and the 

creation of cavities and effects on the oxide 

surface is called the anion cavities effect. It is 

observed from comparing the panels a, b and c 

of Fig. 14, the breaking of oxide layer and anion 

cavity effect on it, are increased by increasing 

concentration of NaNO3, it is due to high 

participation of ions in the metal dissolution 

processes.  

By increasing concentration, the more number of 

NO3
- have a chance to stick on the oxide layer 

surface and press on it. This phenomenon causes 

increasing the anion cavity effect and breaking 

of oxide layer at weak surface areas like the 

displacements and inclusions. So, according to 

experimental results  and study of the figures of 

machined surface morphology, it can be stated 

that by increasing concentration of NaNO3, the 

surface roughness is increased because of the 

breaking of oxide layer and anion cavity effect. 

Figs. 15 and 16 show the surface morphology of 

the machined workpiece surface at different 

currents in 1 molar concentration of NaCl and 

KCl. Comparison of panels in the Figs. 15 and 

16 shows that by increasing the current of 

machining, the diameters size and depth of the 

cavities are reduced greatly and distribution of 

these cavities is more uniform on the machined 

surface.  So,  this indicates by increasing the 

current, the current distribution on the workpiece 

surface becomes more uniform  and so, as was 

achieved in experimental results, reduces surface 

roughness. 

Also, Fig. 17 shows the morphology of the 

machined workpiece surface at different currents 

in the 1 molarity concentration of NaNO3. The 

formed oxide layer on the workpiece surface and 

the anion cavity effect on this layer are shown 

clearly in panels a, b and c of this figure. 

According to this figure, by increasing the 

current, the amount of the breaking of oxide 

layer and the anion cavity effect on surface of 

this layer are increased too. Also, the 

experimental results of section 3. 4 show the 

surface roughness and machining rate are 

increased by increasing the current. The effect of 

repulsive forces of NO3
- anion, which were 

attracted on the surface of the oxide layer, is 

increased by increasing the current, and it causes 

breaking of the layer at the weak areas.  For this 

reason, the cavities on the surface are enhanced 

by increasing the current. So, increasing the 

current in machining with NaNO3 causes to 

break the oxide layer and replace the metal 

dissolution with the oxygen gas evolution on the 

workpiece surface. 
 

 
Fig. 14. The machined surface morphology in 

different concentrations of NaNO3 at 45A current: (a) 

1 Molarity (b) 1.5 Molarity and (c) 2 Molarity. 
 

 
Fig. 15. The machined surface morphology at 

different currents in 1M concentration of NaCl: (a) 

35A, (b) 45A and (c) 55A. 
 

 
Fig. 16. The machined surface morphology at 

different currents in 1M concentration of KCl: (a) 

35A, (b) 45A and (c) 55A. 
 

 
Fig. 17.  The machined surface morphology at 

different currents in 1M concentration of NaNO3: (a) 

35A, (b) 45A and (c) 55A. 
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4. Conclusions 

 

In this study, the relationship between effect of 

machining parameters on the machining 

characteristics and surface morphology in ECM 

process were evaluated. The results of this study 

can be summarized as follows: 

1. In ECM of 304 stainless steel, MRR, OC and 

SR values are increased by increasing the 

concentration of ions. Also, by increasing the 

current, MRR is enhanced but OC is 

decreased. 

2. In machining with NaCl and KCl, there are 

cavities on the machined surface that their 

diameter, depth, and distribution on this 

surface depend on the current and 

concentration of electrolyte ions. But in 

NaNO3, the oxide layer, breaking and cavity 

effects are observed. Their effects on the 

machined workpieces surface in two types of 

electrolytes show the difference in the 

dissolution mechanism in machining with 

them. 

3. The cavities diameters are increased by 

increasing the concentration, and their 

diameters were achieved 4μm in 1M to 9μm 

in 2M. Also, the depth of cavities is increased 

by increasing concentration, but their 

uniform distribution is decreased on the 

machined surface.  In this condition, the 

surface roughness increased from 1μm in 1M 

to 1.908μm in 2M. While the current has a 

reverse effect on them and the surface 

smoothness improved to 0.65μm.  

4. The increasing of concentration and current 

in NaNO3 causes to increase the break of 

oxide layer and the anion cavity effect; so, in 

this condition SR increases. Also, the current 

has a greater effect on the break and anion 

cavity effect of this oxide layer than the 

concentration.  

5. The difference between moving speed of 

cations Na+ and K+ in electrolyte solution 

caused to change in dissolution and 

experimental results. The obtained 

experimental values for MRR, OC and SR in 

machining with KCl are more than NaCl in 

the same condition.  

6. The optimal parameters for machining 304 

stainless steel using the ECM were identified 

as an MRR of 0.4006 g/min, an OC of 0.7507 

mm, and an SR of 0.465 µm, achieved in 

NaCl with a concentration of 1 M and a 

current of 55 A. 
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