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Abstract: Pulse electrochemical polishing (PECP) was used to improve the mechanical properties, such as surface roughness and 
corrosion resistance, of conductive metallic materials. PECP can provide a smooth, bright, reflective, and deburred surface that 
exhibits superior corrosion resistance. In this work, stainless steel was used as the anode, and copper was used as the cathode due to 
their low electrical resistances. The surface roughness of the PECP sample was measured by atomic force microscopy (AFM). A 
scanning electron microscope (SEM) was used to observe surface characteristics, and an Auger electron spectroscope (AES) was 
used to analyze the metallurgical composition and thickness of the passive film. The aim of this research was to compare the 
corrosion resistance rates of the unprocessed and PECP-processed stainless steel. 
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1 Introduction 
 

The growing importance of precision, cleanliness, 
and resistance of materials used in the automobile, 
aircraft, and vessel industries requires process 
development in the production of semiconductors and 
liquid crystal displays (LCD). Thus, in order to improve 
the smoothness, cleanliness, and corrosion resistance of 
surface structures, a non-contact processing method of 
electrochemical polishing (ECP) has become a necessary 
alternative to existing mechanical polishing methods that 
require contact between tools and structures [1]. 
Generally, the mechanical polishing methods produce 
tiny processing traces, such as burr on the surface of 
structures, and fundamentally precise and robust surfaces 
cannot be obtained [2]. However, when a non-contact 
surface processing method of ECP is used, improvements 
in tiny processing trace, roughness, resistance, and 
cleanliness of the structure surfaces are reported. ECP 
processes the surface using current density similar to 
mirror-like finishes. However, when low level current 
density is used, black corrosion will be observed on the 
surface of the structure. Low level current density allows 
detailed processing of areas that cannot be processed 

through mechanical polishing methods; therefore, it is 
expected to improve surfaces compared with existing 
mechanical processing methods. In this work, the effect 
of pulse time on corrosion resistance rate against 
synthetic sea water and surface characteristics after pulse 
electrochemical polishing (PECP) was investigated. 
 
2 Principle of pulse electrochemical polishing 

process 
 

Figure 1 illustrates the experimental sequence used 
in this work. PECP involves the melting of an anode by 
an electrochemical reaction initiated through the 
application of a pulse power supply in the ECP process. 
The anode and cathode are submerged in an acidic 
electrolyte that is either flowing or stationary. Insoluble 
and low-electrical-resistant copper is used as the cathode 
electrode. When a pulse current is sent to the two 
electrodes in an electrolyte, the melting process occurs in 
the anode (Fig. 2). At this time, a small quantity of 
oxygen gas is generated on the surface of the anode, and 
hydrogen gas is generated on the surface of the cathode. 
Through this melting process, PECP can cover the 
concave area of a structure surface with protective 
oxidation layers to prevent melting, and current is  
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Fig. 1 Diagram of experimental procedure 
 

 
Fig. 2 Principle of ECP 
 
concentrated in the bulging area, enabling selective 
melting [3,4]. 
 
3 Pulse electrochemical polishing 
 

The resistance rates for synthetic sea water before 
and after ECP processing were examined using a pulse 
power supply. Figure 3 shows a schematic diagram of the 
PECP experimental setup used in this work. The 
electrolyte was a mixture of 2.4 mol/L H2SO4, 5.9 mol/L 
H3PO4, and distilled water [5]. A 0.3 mm-thick piece of 
stainless steel 316L measured to be 10 mm × 100 mm 
was used as the anode. The copper cathode was 1 mm 
thick and measured to be 10 mm × 100 mm. Before local 
surface processing of a test piece, nitrocellulose was 
spread on its surface, except for a 5 mm × 5 mm area, to 
prevent the electrolyte penetration. A pulse power supply 
with an output of 50 V and 12 A was used. In order to 
monitor the voltage and ripple marks of a pulse when 
conducting PECP processing, a DSO1024 oscilloscope 
(Agilent Technologies, 200 MHz, 2 GSa/s) was 
connected to the voltage probe (Agilent Technologies, 
300 V) and current probe (Tekronix, 1 mV/mA, 50 Ω). A 
scanning electron microscope (SEM, FEI Company) was 
used to comparatively analyze the surface shapes, and 
the component analysis (Thermo Electron Corporation 
MICROLAB 350) was carried out before and after PECP. 
The fine surface of the processed specimen was 
measured locally using an atomic force microscope 
(AFM, XE–100, PISA). 

 

 
Fig. 3 Schematic diagram of PECP experimental setup 
 
4 Surface analysis 
 

Figure 4(a) shows AFM results of the unprocessed 
specimen. Its surface is extremely rough, and it is found 
to have a form matching the SEM image in Fig. 4(b). In 

 

 
Fig. 4 Sample surface before PECP: (a) AFM topographical 
image; (b) SEM image; (c) Cross-sectional profile along AA′ 
(Ra=27.6 nm) in Fig. 4(a) 
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Fig. 4(c), the profile section measured using AFM shows 
that the surface is severely curved. 

Figure 5 shows the results of surface processing 
with pulse duration of 0.1 ms. Fig. 5(a) shows an AFM 
image that shows the formation of many micropits. 
These micropits are likely to corrode and roughen the 
surface and affect its cleanliness in the future. Fig. 5(b) 
shows an SEM image that also shows many micropits. In 
Fig. 5(c), the profile section measured using AFM shows 
that the specimen surface becomes smoother than the 
unprocessed specimen surface, but it is highly curved. 

Figure 6 shows the results of surface processing 
with pulse time of 0.8 ms. The AFM image in Fig. 6(a) 
 

 
Fig. 5 Sample surface after PECP (425 Hz, 7 V, pulse time 0.1 
ms, process time 180 s, electrode gap 10 mm): (a) AFM 
topographical image; (b) SEM image; (c) Cross-sectional 
profile along AA′ (Ra=2.1 nm) in Fig. 5(a) 

shows few micropits on the surface, confirmed by the 
SEM image in Fig. 6(b). The AFM profile section in  
Fig. 6(c) shows that the specimen is slightly curved. 

Figure 7 shows the results of a specimen processed 
with a pulse time of 1.6 ms. It is slightly curved overall, 
as shown in the AFM image in Fig. 7(a), and it contains 
many micropits. The SEM image in Fig. 7(b) also shows 
many micropits created on the surface from processing. 
A profile of the surface cross-sections in Fig. 7(c) shows 
the formation of slight curves across the curved 
specimen. 

Figure 8 shows the result of a specimen processed 
with a pulse time of 2.2 ms. The AFM image in Fig. 8(a) 
 

 

Fig. 6 Sample surface after PECP (425 Hz, 7 V, pulse time 0.8 
ms, process time 180 s, electrode gap 10 mm): (a) AFM 
topographical image; (b) SEM image; (c) Cross-sectional 
profile along AA′ (Ra=0.7 nm) in Fig. 6(a) 



Young-Bin KIM, et al/Trans. Nonferrous Met. Soc. China 22(2012) s876−s880 s879

 

 
Fig. 7 Sample surface after PECP (425 Hz, 7 V, pulse time 1.6 
ms, process time 180 s, electrode gap 10 mm): (a) AFM 
topographical image; (b) SEM image; (c) Cross-sectional 
profile along AA′ (Ra=1.3 nm) in Fig. 7(a) 
 
shows a very rough surface. The SEM image in Fig. 8(b) 
shows a large number of micropits. These micropits can 
affect the corrosion resistance by inducing pitting 
corrosion in the future. A profile of the surface 
cross-section in Fig. 8(c) shows that an irregular surface 
forms. 

Figure 9 shows the components of the test 
specimens analyzed before and after processing, 
determined by Auger electron spectroscopy (AES). The 
results indicate great increase in oxygen, which induces 
most of chromium and nickels, is changed to stable 
passivated oxide layer on the surface. Moreover, it can 
be seen that the amount of chromium and nickel slightly 
increases after PECP. 

 

 
Fig. 8 Sample surface after PECP (425 Hz, 7 V, pulse time 2.2 
ms, process time 180 s, electrode gap 10 mm): (a) AFM 
topographical image; (b) SEM image; (c) Cross-sectional 
profile along AA′ (Ra=1.1 nm) in Fig. 8(a) 
 
5 Corrosion resistance analysis 
 

The corrosions resistance rates of the PECP 
processed stainless steel 316L specimens were measured 
and the surfaces of the processed and unprocessed 
specimens were compared. Sealing tape and silicon were 
used to cover the area around 5 mm × 5 mm on the 
specimens. Then, the test pieces were soaked in cells to 
test the corrosion resistance rate. A 0.05989 mol/L NaCl 
solution was used to simulate seawater. The oxygen 
removal period in the cell for the measurement of the 
resistance rate was 1 h. Electrode washing was then 
carried out at −1 V for 300 s. The initial voltage for the 
resistance test was −3 V and ended at 1.5 V. A saturated 
calomel electrode (SCE) was used as the standard  
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Fig. 9 AES depth profiles: (a) Before PECP; (b) After PECP 
 
electrode, and a 0.05989 mol/L NaCl solution was used 
to simulate seawater under steady scan rate of 1 mV/s. 
By using a negative pole polarization curve from the 
potential dynamic polarization curve, Tafel extrapolation 
was used to measure the resistance rate [6−8]. 

Figure 10 shows the Tafel curve of the test 
specimens tested for corrosion resistance against 
synthetic seawater with respect to pulse time. The x-axis 
on the Tafel curve shows the current density, and the 
y-axis shows the potential [9], the corrosion resistance 
improved as the current density drops. Further analysis 

 

 
Fig. 10 Corrosion resistance results for unprocessed and 
PECP-processed specimens 

of the Tafel curve indicates that micropit corrosion 
occurs. It is also confirmed that the test specimen 
processes with a pulse duration of 0.8 ms can improve 
the corrosion resistance compared with the test 
specimens processed with other pulse times. 
 
6 Conclusions 
 

1) The surface properties of stainless steel 316L 
were determined when subjected to PECP processing for 
various pulse times. The corrosion resistance rate of the 
specimens processed in synthetic seawater (0.05989 
mol/L NaCl) was also examined. 

2) The surface of the specimen processed with pulse 
time of 0.8 ms exhibits the most improvement. 

3) A clean surface cannot be produced with short 
pulse times. According to AES analysis, oxygen content 
greatly increases while chrome and nickel contents 
increase after PECP, which indicates the formation of 
stable passivated layer on the sample surface. 

4) PECP with 0.8 ms enhances the corrosion 
resistance compared with the test specimens processed 
with other pulse times. 
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