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EVALUATION OF ELECTROPOLISHING CHARACTERISTICS OF 316L STAINLESS STEEL TUBE
IN CONTAMINATED ELECTROLYTE

In the electropolishing process, the polishing quality of the metal surface varies according to the contamination of the electro-
lyte. In this study, the electrolyte was evaluated according to the usage time, and the effect of each factor on electropolishing was
investigated. As the electrolyte is contaminated, the concentration of metal ions in the electrolyte increases and the ion conducti-
vity decreases. In addition, the pH and specific gravity of the electrolyte increase due to the metal sludge formed as the metal ion
concentration increases. When the electrolyte usage time was more than 5 days, many scratches remained on the surface of 316L
stainless steel, and relatively high surface roughness was measured. The surface roughness improvement rate compared to the initial
specimen was 30% for the unused electrolyte, 26% on the 3rd day, 19% on the 5th day, and 17.5% on the 13th day. Since the low
current density due to electrolyte contamination causes a decrease in polishing efficiency, initial scratches on the metal surface
still exist on the polished surface. Therefore, it is necessary to manage the electrolyte to maintain the quality of electropolishing.
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1. Introduction

Electropolishing of stainless steel has long been used in
many industries to achieve perfectly smooth surfaces. Recently,
as the degree of integration of semiconductor circuits has in-
creased, research on manufacturing and high-purity UHP (Ultra
High Purity) 316L stainless steel is being accelerated [1-5]. There
are many variables in the electropolishing process that affect the
surface roughness of the workpiece. In particular, electrolytes
have the most detailed factors that affect surface roughness,
such as chemical composition, temperature, viscosity, electrical
conductivity, and supply method, so thorough management is
required [6].

Industrial electrolytes exposed to the electropolishing
process for a long time cause (Fe, Cr, Ni)-contamination of the
process bath due to the dissolution of the anode metal. During
electropolishing, metal ions such as Fe, Cr, and Ni, which are
the main components of stainless steel, are dissolved during the
polishing process and accumulated in the electrolyte. When these
metal ions are small quantities, they do not significantly affect
polishing, but when a large amount of metal ions accumulate,
metal sludge is formed, and the efficiency of electropolishing is

reduced [7]. Contamination of the electrolyte due to metal ions
affects the quality of electropolishing, so studies on regenera-
tion of the contaminated electrolyte have been reported [8-10].
In addition, In the stainless steel electropolishing industry, there
are mentions of the replacement time based on electrolyte con-
tamination [11,12], but there is no specific study.

In this study, the correlation between the properties of the
contaminated electrolyte and the quality of electropolishing was
presented. The metal ion content, ion conductivity, specific grav-
ity, pH, etc. in the electrolyte according to the process exposure
time of the electrolyte were compared. In addition, the polari-
zation characteristics of each electrolyte were confirmed, and
the effect of electrolyte contamination on the electropolishing
process was investigated by comparing the surface roughness
and polishing rate of the specimen after electropolishing.

2. Experimental
The 316L stainless steel used in the experiment was a com-

mercial 316L stainless steel tube (Seah steel, KOREA). the
316L stainless steel tube with a length of 6,000 mm was cut
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into 170 mm specimens, and the surface roughness of each
specimen was measured, and the average value was indicated
as the initial surface roughness. As the electrolyte, an industrial
electrolyte (SBR3000, SEBITCHEM, KOREA) used for elec-
tropolishing of stainless steel was used, and phosphoric acid,
sulfuric acid, and water were mixed in a weight ratio of 6:3:1.
According to the usage time of the electrolyte, it was classified
into four types: unused electrolyte, 3 days, 5 days, and 13 days
used, and the used electrolyte was based on 8 hours of use per
day. To confirm the characteristics of each electrolyte, the ion
content was measured using inductively coupled plasma-optical
emission spectroscopy (ICP-OES, Thermofisher, iCAP pro XP,
USA). The ion conductivity of the electrolyte was measured in
the temperature range from room temperature to 80°C, and the
pH and specific gravity were measured at room temperature.
To derive an I-V curve according to the contamination of the
electrolyte, a voltage was applied at a rate of 0.1 V/s and the
current was measured in units of 1 A. Based on the polishing
voltage derived from the I-V curve of the unused electrolyte,
electropolishing was performed under constant voltage condi-
tions with a polishing time of 30 to 120 seconds, and TABLE 1
shows the electropolishing conditions. Internal surface images
after electropolishing were analyzed by scanning electron micro-
scope (SEM, Tescan, MIRA3 LMH, Czech Republic). In addi-
tion, the surface roughness of the inner wall of the specimen was
measured with a confocal laser scanning microscope (CLSM,
Keyence, VK-X3000, Japan), and the average value was shown
after measuring the surface roughness of the specimen 5 times
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for each point. Finally, the weight loss of the specimen and the
polishing time were used to confirm the polishing rate for each
electrolytic polishing condition.

TABLE 1
Electropolishing conditions of 316L Stainless steel tube

316L Stainless steel tube
(diameter : 10.47 mm,
length : 170 mm)
Copper rod (6 9)

Unused electrolyte, 3 days, 5 days,
13 days used electrolyte (4 types)
30, 60,90, 120 sec
65°C
3.5LPM

Working electrode (anode)

Counter electrode (cathode)

Electrolyte

Polishing time
Electrolyte temperature
Electrolyte flow rate

3. Results and discussion

Fig. 1(a) is the result of ICP analysis of the metal ion con-
centration of each electrolyte. As the usage time of the electrolyte
increases, the ion concentration of the electrolyte increases in
the order of Fe, Cr, and Ni. In the electrolyte used for 13 days,
about 20,000 mg/L of Fe, 5,000 mg/L of Cr, and 3,000 mg/L
of Ni were detected. The increase rate of metal ions in the
electrolyte used for 3 days was the highest, and a similar level
was maintained thereafter. Fig. 1(b) shows the ion conducti-
vity of each electrolyte, and the conductivity decreases as the
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Fig. 1. Characteristic change according to the usage time of electrolyte; (a) Change of metal ion concentration in each electrolyte, (b) Change
in ion conductivity of each electrolyte, (c) Change in pH of each electrolyte (d) Change in specific gravity of each electrolyte



usage time of the electrolyte increases [13,14]. In addition, as
the temperature of the electrolyte increases, the movement of
ions becomes more active, and the conductivity increases [11].
However, this is not a permanent recovery of the electrolyte,
and it is important to perform electropolishing by selecting an
appropriate temperature according to the electrolyte during the
process due to the temporary improvement in conductivity ac-
cording to the temperature. Fig. 1(c) and (d) show the pH and
specific gravity of each electrolyte, and it is confirmed that the
pH and specific gravity of each electrolyte increase as the usage
time of the electrolyte increases. Since the electrolyte used for
a long time has a high metal ion concentration, the amount of
hydrate formed during the electropolishing process also increases
[15]. These hydrates were accumulated in the electrolyte in the
form of sludge, and the pH and specific gravity increased as im-
purities in the specimen were mixed with the electrolyte during
electropolishing. As a result of analyzing the sludge recovered
from the electrolyte used for 13 days, it was analyzed as nickel
sulfate monohydrate. Such metal sludge hinders the flow of
the electrolyte between the specimen and the counter electrode
during electropolishing, and increases the electrical resistance,
thereby lowering the electropolishing efficiency.

In electropolishing, the I-V curve represents the electrical
characteristics, and the I-V curve of each electrolyte is shown
in Fig. 2(a). The dashed box indicated in the graph means the
plateau region in the I-V curve, and electropolishing is per-
formed under the electrical conditions of the plateau region
in the process. The voltage range that stables current density
appeared gradually increased as the use time of the electrolyte
increased, and the slope of the current density decreased com-
pared to the unused electrolyte. As a result of analyzing the ion
conductivity of each electrolyte according to the use time, the
electrical conductivity of the electrolyte decreases as the metal
ion concentration increases, and higher electrical conditions
are required during electropolishing. In the electropolishing
process, the counter electrode release only hydrogen gas due
to a reduction reaction, and no other reaction occurs. However,
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electrolyte contamination increases the resistance of the counter
electrode, lowering the current density and increasing the volt-
age range in which electropolishing occurs. Fig. 2(b) shows the
behavior of the I-V curve before and after contamination of the
counter electrode. As a result of analyzing the surface of the
contaminated counter electrode, Fe and Ni were observed on
the copper electrode surface. During electropolishing, Fe and Ni
ions accumulated in the electrolyte may be reduced and coated
on the surface of the counter electrode. As such, the surface
contamination of the counter electrode increases the resistance
and decreases the current efficiency. Therefore, as the use time
of the electrolyte increases, washing to prevent deterioration of
the counter electrode is essential.

Fig. 3 shows the inner surface of the 316L stainless steel
tube after electropolishing under each electrolyte conditions.
There are scratches and molding marks on the inner surface of
the initial stainless steel specimen in the drawing direction. This
is caused by friction with the mold during the drawing process
of'the tube. As the polishing time increases, the amount of metal
ions dissolved in the surface increases and the smoothing of the
surface proceeds. Since the scratch valley formed by plastic
working is far from the counter electrode, it dissolves slowly,
and electropolishing proceeds relatively slowly compared to the
region without scratch valley. Scratches remained on the surface
electropolished for 120 seconds with the electrolyte used on the
5th and 13th, and many pits were found in the scratch valleys
on the surface polished with the electrolyte used on the 13th. As
shown in Fig. 2(a), as the usage time of the electrolyte increases,
it moves to a higher voltage range than the plateau range, and
the current density appears relatively low. When electrolytic
polishing is performed with the electrolyte used in this study at
the same voltage as the unused electrolyte, it can be confirmed
that it has been performed in the low voltage range out of the
plateau range. According to Faraday’s law, the amount of charge
and the amount of reactant are proportional. Therefore, since the
polishing amount is relatively small according to the application
of'a low current density, the polishing effect on the inner surface
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Fig. 2. Results of electrical properties of each electrolyte; (a) I-V characteristics of each electrolyte by DC rectifier, (b) Current density behavior
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Fig. 3. SEM image of the inner surface of a 316L stainless steel tube after electropolishing

of the tube is reduced. In addition, oxygen bubbles formed on
the surface of the anode during electropolishing serve to shield
the electrical flow in the electrolyte [16]. When these bubbles
are removed from the surface by the flow of the electrolyte,
current density is momentarily concentrated at the point, caus-
ing excessive dissolution to form pits [17]. It is judged that the
longer the use time of the electrolyte, the insufficient polishing of
the surface, and the more oxygen bubbles stay in the remaining
processing scratches, resulting in the formation of many pits in
the scratch valleys.

Fig. 4(a) shows the surface roughness measurement
results of the inner wall of the 316L stainless steel tube after
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electropolishing according to the polishing time and electrolyte
conditions. Even if the electrolyte was used for 5 and 13 days,
the surface roughness gradually decreased when the polishing
time was increased under the same electropolishing conditions,
but relatively higher surface roughness was measured compared
to the unused electrolyte and the electrolyte used for 3 days.
Under the electrolytic polishing conditions of 120 seconds, the
surface roughness of each electrolyte was measured as 0.168 um,
0.176 um, 0.193 pum, and 0.198 pm, respectively. The surface
roughness improvement rates, compared to the initial surface
roughness, were approximately 30%, 26%, 19%, and 17.5%
for each electrolyte. However, to improve the surface roughness
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Fig. 4. Surface roughness and polishing rate after electropolishing by each electrolyte; (a) Surface roughness with polishing time, (b) Polishing

rate according to weight change before and after electropolishing



and prevent the formation of pits on the surface, it is essential
to replace the electrolyte or add a new electrolyte. Fig. 4(b)
shows the polishing rate according to the electrolyte usage time.
A specimen with a large weight loss at the same polishing time
means a high polishing rate because the polishing amount is
large. In the case of the unused electrolyte and the electrolyte
used on the 3rd day, the polishing rate was kept constant over
polishing time. However, the polishing rate of the electrolyte
used for 5 and 13 days decreased according to the polishing
time, and the polishing rate decreased by about 28% or more
compared to the unused electrolyte under the polishing condi-
tion of 120 seconds.

4. Conclusions

In this study, the effect of contamination of the electrolyte
due to metal ions such as Fe, Cr, and Ni on the electropolishing
of 316L stainless steel was confirmed. As the usage time of the
electrolyte increases, the content of metal ions such as Fe, Cr,
and Ni gradually increases, forming metal sludge in the elec-
trolyte. Contamination of the electrolyte reduces the electrical
characteristics of the electrolyte, so that a higher voltage range
and current density are required. Due to these characteristics,
marks of processing on the surface remain due to an insufficient
amount of polishing compared to the fresh electrolyte, and the
improvement rate in surface roughness decreases. In this study,
scratches remain on the surface of the 316L stainless steel speci-
men when the electrolyte usage period is 5 days or more, and
it has a relatively high surface roughness. Although the target
surface roughness can be obtained by increasing the polishing
time, the polishing efficiency is low, and pits occur due to the
characteristics of the contaminated electrolyte. Therefore, to
prevent surface defects of stainless steel in the electropolishing
process, it is essential to maintain the quality of the electrolyte
by adding or replacing the electrolyte.

127

Acknowledgments

This research was supported by the Technology Innovation Program
(20009937, Development of UHP (ultra-high-purity) stainless steel com-
ponents for semiconductor process and field evaluation technology) funded
by the Ministry of Trade, Industry & Energy (MOTIE, Korea).

REFERENCES

[1] Z.ur Rahman, K.M. Deen, L. Cano, W. Haider, Appl. Surf. Sci,
410, 432-444 (2017).

[2] S.Zaki, N. Zhang, M.D. Gilchrist, Micromachines 13, 468 (2022).

[3] R.S. Mishra, Z.Y. Ma, Mater. Sci. Eng. R, 50 (1-2), 1-78
(2005).

[4] L.Ponto, M. Datta, D .Landolt, Surf. Coat. Technol. 30, 265-276
(1987).

[5] C.H. Hwang, HM. Lee, J.S. Oh, D.H. Hwang, Y.S. Hwang,
J.W. Lee, J M. Choi, J.S. Park, J. Powder Mater. 28 (5), 396-402
(2021).

[6] G. Yang, B. Wang, K. Tawfiq, H. Wei, S. Zhou, G. Chen,
Surf. Eng. 33, 149-166 (2017).

[7] A.P. Davis, C. Bernstein, P.M. Gietka, Proc. of 27th Mid-
Atlantic Industrial Waste Confernce: Hazardous and Indus-
tral Wastes. 62-71 (1995).

[8] F. Eozénou, S. Berry, C. Antoine, Y. Gasser, J.-P. Charrier,
B. Malki, Phys. Rev. Accel. Beams. 13, 083501 (2010).

[9] F. Eozénou, M. Bruchon, J. Gantier, This conference (2007).

[10] J.W.Mwangi, L.T. Nguyen, V.D. Bui, T. Berger, J. Manuf. Process.
38, 355-369 (2019).

[11] W. Han, F. Fang, J. Manuf. Sci. Eng. 141, 101015 (2019).

[12] S. Charazinska, P. Lochynski, J. Water. Process. Eng. 42, 102169
(2021).

[13] A.M. Awad, N.A. Abdel Ghany, T.M. Dahy, Appl. Surf. Sci. 256,
4370-4375 (2010).

[14] H.Tian, S.G. Corcoran, C.E. Reece, M.J. Kelley, J. Electrochem.
Soc. 155, D563 (2008).

[15] P. Lochynski, P. Wiercik, S. Charazinska, M. Ostrowski, J. Envi-
ron. Prot. Sci. 47, 18-29 (2021).

[16] S.J. Lee, Y. H. Chen, J.C. Hung, Int. J. Electrochem. Sci. 7,
12495-12506 (2012).

[17] M. Baumgirtner, H. Kaesche, Corrosion Science 29, 363-378
(1989).



	Hee Yeon Jeon￼1, Mijeong Park￼1, Seungheon Han￼1, 
Dong Hoon Lee￼1, Young-In Lee￼1*
	Facile Synthesis of Bumpy-Structured ZnO-ZnS Core-Shell Microspheres 
with Enhanced Photocatalytic Performance

	Minha Park￼1, Gang Ho Lee￼1,2, Hyo-Seong Kim￼1,2, Byoungkoo Kim￼1, 
Sanghoon Noh￼2, Byung Jun Kim￼1*
	Effect of Cooling Rate on Microstructure and Mechanical Properties According 
to Heat Treatment Temperature of Inconel 625

	Minha Park￼1, Gang Ho Lee￼1,2, Gwangjoo Jang￼1, Hyoung-Chan Kim￼1, 
Byoungkoo Kim￼1, Byung Jun Kim￼1*
	The Effects of Post Weld Heat Treatment on Microstructure and Mechanical Properties 
of API X70 Linepipe using Submerged Arc Welding

	Sang-Hyeon Jo￼1, Seong-Hee Lee￼1*
	Changes in Microstructure and Texture of a Multi-Stack Accumulative Roll Bonding Processed Complex Aluminum Alloy with Annealing

	Woo Cheol Kim￼1, Jongmin Byun￼1,2*
	Fabrication of Porous Sintered Body using Shape-Controled 316l Stainless Steel Powder 
by High-Energy Ball Milling

	Hyo-Seong Kim￼1,2,4, Moonseok Kang￼1, Minha Park￼1, Byung Jun Kim￼1, 
Yong-Shin Kim3, Tae Young Lee3, Byoungkoo Kim￼1*, Yong-Sik Ahn￼2*
	Effects of Hot rolling Reduction on Microstructural Evolution 
and Mechanical Properties of 1.25Cr-1Mo-0.5V-0.3C Steel for High-Speed Rail Brake Discs

	Jae-Hyeon Kim1, Jung-Ha Lee2, Seung-Beop Lee2, 
Sung-Jin Kim3*, Min-Suk Oh￼1*
	Improved Thermal Stability of Al-Si Alloy Coated Steel Sheet 
with Cr Thin Film Deposition

	Woo-Chul Jung￼1, Hyunseok Yang￼1, Seon-Jin Choi￼2*, Man-Sik Kong￼1*
	Evaluation of Electropolishing Characteristics of 316L Stainless Steel Tube 
in Contaminated Electrolyte

	Jin Kwang Jang￼1, Jaeyun Moon￼2, Jongmin Byun￼1,3*
	Synthesis of Polycrystalline Bi-Doped Snse by Mechanical Alloying 
and Hydrogen Reduction

	Dohoon Lee￼1, Tae-Yeong So￼1, Ha-Young Yu￼1, Gyunsub Kim￼2, 
Eushin Moon￼2, Se-Hyun Ko￼1*
	Effect of Hot Isostatic Pressing and Solution Heat Treatment 
on the Microstructure and Mechanical Properties of Ti-6Al-4V Alloy Manufactured 
by Selective Laser Melting

	Jae-Yun Kim￼1, Sang-Gyu Kim￼1, Byoungchul Hwang￼1*
	Investigation of Hydrogen Embrittlement of Haynes 617 and Hastelloy X Alloys 
Using Electrochemical Hydrogen Charging

	Junho Lee￼1, Namhyuk Seo￼1, Sang-Hwa Lee￼2, Kwangjun Euh￼2, Singon Kang￼3, 
Seung Bae Son1,4, Seok-Jae Lee￼1,4, Jae-Gil Jung￼1,4*
	Effect of Al–5Ti–1B Addition on Solidification Microstructure 
and Hot Deformation Behavior of DC-Cast Al–Zn–Mg–Cu Alloy

	Ji-A Lee￼1, Bong-Min Jin￼1, Jeong-Whan Han￼1*
	Evaluation of Classification Possibility of Coke Breeze by Drag Force

	Uijun-Ko￼1, Byungjun-Han￼1, Kyoung-Tae Park￼2*, 
Marzieh-Ebrahimian￼1, Jh-Kim￼1*
	Microstructure Evolution Through Cryogenic Rolling 
of Ultra-High Purity Titanium Produced by Electron Beam Melting 

	A. Garbacz-Klempka￼1*, K. Dzięgielewski￼2, M. Wardas-Lasoń￼3
	A Glimpse into Raw Material Management in the Early Iron Age: Bronze Ingots from a Production Settlement in Wicina (Western Poland) in Archaeometallurgical Research

	Qiaoli Wang￼1,2†, Yinan Xiao￼2†, Di Wu￼2, Fang Yang￼3, L.Y. Sheng￼1,2*
	Microstructure, Compressive Properties and Oxidation Behaviors 
of the Nb-Si-Ti-Cr-Al-Ta-Hf Alloy with Minor Holmium Addition


