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Abstract. Research on static electrochemical machining processes carried out on Stainless
steel 304 or AISI 304 specimens to determine the optimum combination of parameters to
produce surface roughness with a high MRR value or feed rate. Static electrochemical
machining research does not involve the presence of flow by combining various
parameters to produce the desired goal. This study's voltages are 10, 15, 20, and 25V, with
temperatures of 25, 40, and 50 0C. The time used is 1 minute, and using the test solution,
NaNOs added Ferric Nitrate in the content of 1%, 3%, and 5%. The selected test place uses
acrylic material and is connected with a cable connected to the DC Power Supply. Then,
the finished test object is taken macro images to see the surface of the test object. After
that, microscopy was carried out using an optical microscope to determine the topography
of the test so that the results obtained on the test object showed that there had been
intergranular corrosion on the surface and got good test object surface results.
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1 Introduction

Stainless steel is a material used in various industries. For example, stainless steel 304 is
generally used in the transportation, architecture, food appliance, chemical, and power
engineering industries [1]. Generally, the materials used in transportation must have good
machinability and corrosion resistance. Examples of components used in the transportation
industry are micro-sized bearings and macro-sized piston heads. Until now, micro-scale
products are needed in various industries, especially in the transportation industry, with
component product specifications with flat and smooth surface roughness [2].

Judging from the need for product specifications that have a smooth and even surface roughness,
conventional machining is not sufficient to meet the product specifications. It happens because
of the limited shape of the tool blades used in conventional machines [3]. In addition, the
hardness of the material used is high enough to exceed the strength of conventional machine
tools such as milling and lathe machining [3]. With the shortcomings in conventional
machining, non-conventional machining becomes another alternative to meet product needs.
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Non-conventional machining has the function of machining on a micro scale with complex
shapes and feeding the surface of the workpiece relatively quickly, and the level of smoothness
is quite high [4]. Therefore, electrochemical machining was chosen by utilizing a dc power
supply and electrolyte solution in the machining process. In the electrochemical machining
process, many parameters are used to produce optimal results, such as electrolytic fluid,
molarity, voltage, temperature, and time. Thus, from these parameters emerge deficiencies in
electrochemical machining [4]. However, these shortcomings can be controlled by a
combination of parameters carried out in the study.

S.Ayyappan, K. Sivakumar, and M.Kalaimathi conducted a study about a combination of
parameters carried out with a voltage of 0.3 V to 0.9 V within 20 minutes, so the feed results
were obtained with an average of 0.3 mm/min. The mixing of ferric nitrate and NaCl has a fairly
good surface structure. It can be concluded that the ECM process with ferric nitrate mixed with
NaCl produces a good parameter test [6].

In addition, research conducted by Zohoor, Alipour, and Mossalanejad using NaCl, KCL, and
NaNOs resulted in the effect of the type of electrolyte on material feeding, side gap, and surface
roughness in stainless steel 304, which is relatively high [7].

The research conducted by Fattah Nur Rahman is the optimization of electrochemical
machining process parameters on stainless steel AISI 304. This study compares the types of
electrolytes used with NaCl and NaNOs. So we get the results that the type of NaNOs solution
has a smoother surface roughness level compared to NaCl. However, the shortcoming of this
research is that the type of electrolyte used still produces an inconsistency in the current density
that affects the surface feeding rate of the AISI 304 specimen. [8]

Thus, our research focuses on the electrochemical machining process that combines the type of
solution, stress, and temperature on AlSI 304 stainless steel material which aims to get the
optimal combination of parameters with high feed rates with smooth surface roughness.

2 Material and Method
2.1 Sample Preparation

The preparation stage includes purchasing ferric nitrate electrolyte solution and cutting type 304
stainless steel plate. Preparation of NaNOs electrolyte solution is mixed with 1%, 3%, and 5%
ferric nitrate solution of NaNOs solution. After that, cut the plate with a size of 2 cm x 2 cm
using a grinder cutting tool and sand the workpiece cut on the cutting part and the surface to be
tested. Sanding was carried out at grades 240, 400, 600, 800, and 1000 CW. Then, the rotation
on the polishing machine is set at 100 rpm by changing the sanding direction to 90 each time
the sandpaper is changed.

At the electrochemical machining testing stage at electrolyte temperatures of 25, 40, and 50°C,
temperature changes are caused by being heated in a glass beaker using an electric stove, and
every increase in temperature is observed through a thermometer. Electrolyte solution using
NaNOs; mixed with ferric nitrate with a concentration of 1M. Then, the voltage changes in each
experiment amounted to 5 times at 10, 15, 20, and 25V. The electrochemical machining test
uses a rectangular acrylic object at the bottom, with each corner locked. Then, the workpiece is



placed between the surface of the machining tool, and at the top is given a barrier (O-ring) circle
(O-ring) for the liquid electrolyte that falls on the surface of the workpiece made of Teflon
material. The cable is connected to a dc power source. Each pole must not be interchanged at
the time of connection of the circuit. The negative pole will be connected to the gold cathode,
and the positive pole will be connected to the type 304 stainless steel anode. After that, the
electrolyte is poured and given 1 minute when the voltage has been adjusted according to the
study. However, the 40 °C and 50 °C tests only reached a voltage of 20 V due to limitations on
the cathode used. The cathode used is a gold ring thickened with copper and anodic elements if
the temperature is 40 °C and 50 °C with a voltage above 20 V. Thus, it will cause new elements
that are processed in electrochemistry, not only gold.

2.2 Characterization Technique
1.  The current density calculation.

The current density is calculated every 10 seconds after the test starts using equation (1). The
current is recorded on the DC power supply after the required settings are made. It will be
recorded and divided by the area on the surface of the workpiece exposed to the electrolyte
solution.

1
J=7 (1)
Where: i= current, A = area, J = current density

2.  The MRR calculation

The MRR calculation is done after getting the current density value for electrochemical
machining using equation (2). It is done to get the highest value from each electrochemical test.

m IA
MRR === 2)

Where p= density of the material, F = faraday constant, I = Arus, A = atomic weight, V= electron
valence.

3. Electrochemical Machining

The ECM concept has the basic principle of electrolysis so that the chemical process that occurs
due to the conduction of electric current passes between two metals, and there will be a potential
difference between the two metals. Thus, dissolving occurs in the metal or workpiece [6]. The
dissolution that occurs at the anode using Faraday's first law with the number of elements
dissolved in an electrochemical reaction will be proportional to the amount of electric charge
used as represented on equation (3) [4].

m=Q @)
Then, Faraday's law also says that the amount of charge in the same electricity will have
dissolved or precipitated or undissolved elements will be proportional to the equivalent weight
of the substance used [4].
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In Figure 1, electrochemical machining uses a cathode of a gold ring and an anode of stainless
steel 304, where sodium nitrate electrolyte liquid is added ferric nitrate with a composition of
1%, 3%, and 5%.

3 Result and Discussion
3.1 Current Density

Electrochemical machining produces results that can be known from the current generated each
time the process runs. The description in the picture is black, indicating the voltage is 10 V, the
green color is 15 V, the blue color is 20 V, and the red color is 25 V. The current seen on the
DC power source is flowing when the electrochemical machining process is running.

It can be seen in Figure 2 the relationship between current density and machining time. It shows
current increasing from 0 to 10 seconds, at which time there is an initial anodic dissolution so
that the dissolved metal from the workpiece and gas has been liberated in the cathodic device.
It can be seen that when the line is black, the increase does not occur too much. It can be said
to be constant. It is due to the passivation process carried out by stainless steel. Then there is a
decrease when the machining process enters 20 seconds, and when it enters 30 seconds, it tends
to be stable. NaNOgs solution with a voltage of 25V and a temperature of 25°C showed a
significant decrease in current at 50°C second time and rose to 60 seconds.
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Fig. 2 Electrochemical Machining Current Density.

3.2 Material Removal Rate (MRR)

In Figure 3, the difference in the feed rate value for each experiment occurred due to the
addition of ferric nitrate electrolyte liquid and the temperature changing from 25°C to 50°C.
Ferric nitrate is an acid compound containing nitrate with a water quality value reaching a pH
value of 6.2 so that it can damage the passive layer of the AISI 304 (<13.5) test object, which
results in a higher feed rate [15]. Thus, when added to the composition of ferric nitrate, the
resulting feed rate was higher than in the absence of the addition of ferric nitrate. The
combination of parameters between types of electrolytes and temperature affects the difference
in each specimen's feed rate.
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3.3 Macro Observation Results

With these calculations, it can be concluded that there is an increase and decrease in each
electrochemical machining test for a one-minute duration with different voltage, temperature,
and electrolyte parameters. It is also due to the electrical conductivity presence value for NaNO;
of 85000 s/cm, which is not always in line with the increasing current density.

| ‘

Fig. 4 Macro Images of 25 °C with NaNO;1 M

Fig. 6 Macro Images of 50 °C with NaNO3z 1 M

Figure 4 Shows Macro Images of 304 Stainless Steel with treatment of 1M of NaNO3 with 25°C
and ranging voltage of 10V, 15V, 20V, and 25V. Figure 4 shows that at voltages of 10V and



15 V, there are no corrosion products at the surface area. Figures 5 and 6 Show the Macro
Image of 304 Stainless Steel with treatment of 1 M NaNOs with ranging voltage of 10V, 12V,
and 25V and temperatures of 40°C and 50°C, respectively. Figures 5 and 6 show that the
increasing temperature made the corrosion product more significant, and the higher voltage
made more corrosion products appear on the surface area.

Fig. 7 Macro Images of 25 °C with NaNO3 + Fe(NO3); 1% 1M
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Fig. 8 Macro Images of 40 °C with NaNO3 + Fe(NO3); 1% 1M

Fig. 9 Macro Images of 50 °C with NaNO3 + Fe(NO3); 1% 1M

Figure 7 Shows Macro Images of 304 Stainless Steel with treatment of 1M of NaNOs added of
1% 1M Fe(NO3)3; with 25°C and ranging voltage of 10V, 15V, 20V, and 25V. Figure 7 shows
that by adding 1% of 1M Fe(NOs3); to the solution at the voltage of 10V and 15 V, there is still
no corrosion product on the surface area. Figures 8 and 9 Show Macro Images of 304 Stainless
Steel with the treatment of 1M of NaNO; added of 1% 1M Fe(NOs)s and ranging voltage of
10V, 15V, and 20V with temperatures of 40°C, and 50°C, respectively. Figures 8 and 9 show
that the increasing temperature affected the surface area, where The corrosion product appeared
at every voltage applied.

Fig. 10 Macro Images of 25 °C with NaNOs + Fe(NOs); 3% 1M



Fig. 12 Macro Images of 50 °C with NaNOs + Fe(NOs)3 3% 1M

Figure 10 Shows Macro Images of 304 Stainless Steel with treatment of 1M of NaNOj3 added
of 3% 1M Fe(NOs3)s with 25°C and ranging voltage of 10V, 15V, 20V, and 25V. Figure 10
shows that adding 3% of 1M Fe(NOs3)s to the solution at 25°C made the corrosion product appear
start from a voltage of 15V. Figures 11 and 12 Show Macro Images of 304 Stainless Steel with
treatment of 1M of NaNO3 added of 3% 1M Fe(NOs)s and ranging voltage of 10V, 15V, and
20V with temperatures of 40°C, and 50°C, respectively. Figures 11 and 12 show that the
increasing temperature made the corrosion product appear from the 10V potential applied and
more corrosion product was observed at 500C.

e,




Fig. 15 Macro Images of 50 °C with NaNOs + Fe(NOz)z 5% 1M

Figure 13 Shows Macro Images of 304 Stainless Steel with treatment of 1M of NaNO3 added
of 5% 1M Fe(NOs3); with 25°C and ranging voltage of 10V, 15V, 20V, and 25V. Figure
13 shows that adding 5% of 1M Fe(NOg3)s to NaNO3 at 25°C made corrosion appear starting
from 20V to 25V applied voltage. Figures 14 and 15 Show Macro Images of 304 Stainless
Steel with treatment of 1M of NaNOj3 added of 5% 1M Fe(NOs3); and ranging voltage of 10V,
15V, and 20V with temperatures of 40°C, and 50°C, respectively. Figures 14 and 15 show that
at 40°C treatment, the corrosion product appears starting from 15V, but at 50°C treatment, the
corrosion product appears starting from 10V. As Figure 4-15 concludes, with the increase in
temperature, the corrosion product appears more significant, which also corresponds with the
voltage and solution.

For the addition of 1% ferric nitrate composition at a voltage of 10 to 15 V, a passivation process
occurs in the test object where the surface of the test object has resistance to the corrosion
process. Then, only corrosion occurs at 20 to 25 V. At a temperature of 50, a homogeneous
surface occurs at a voltage of 10 V. Then, the addition of 3% ferric nitrate feeding on the surface
begins to appear even though it does not look homogeneous. After adding 5% ferric nitrate,
there was no significant change in the surface, given the 3% composition of the electrolyte
solution. Ferric nitrate is an acid compound containing nitrate with a water quality value
reaching a pH value of 6.2 so that it can damage the passive layer of the AISI 304 (<13.5) test
object, which results in a higher feed rate [15]. Thus, when added to the composition of ferric
nitrate, the resulting feed rate was higher than in the absence of the addition of ferric nitrate.

4 Conclusions

At current density, the result is that the higher the value of the applied voltage, it will affect the
current density so that the flow of electrons that flows is also greater. It will increase the size of
the reduced oxide layer so that the ingestion rate is also higher. The MRR value occurs due to
the influence of the type of electrolyte fluid added with Fe3+ with a high value of +0.77 V,
while the test object used is stainless steel AISI 304, which has a relatively low potential
difference compared to the electrolyte fluid, which is -0.44 V; -1.66 V and -0.14V. So with a
low potential value, the rate of dissolution and the process of being oxidized will be faster. This
condition indicated by the resulting parameter is at 40 ferric nitrate 3% with a voltage of 20V.
The combination of parameters resulting from the research, resulting in a homogeneous surface,
is the combination of parameters 40°C Fe(NOs)s 1% 20V and 25°C Fe(NOz)z 3% 25V. In the
static electrochemical machining research that has been carried out, the suggestions for further
research validate the optimal combination of parameters in electrochemical machining.
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