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Electrochemical polishing of 316L stainless steel stent**★◆ 
Ji Shi-wei1, Huang Nan2, Wan Guo-jiang2, Wang Kai2 

Abstract 
 
Using direct current-electropolishing technique, the present study investigated the function of components and effects of 
operating conditions on polishing quality direct current-electropolishing of 316L stainless steel stent materials. Smooth surface 
was obtained quickly using this technique. 

 
 
INTRODUCTION 
 
Coronary artery disease remains the major cause of 
illness, disability and one of the primary causes of 
fatality in worldwide[1]. With the development of the 
intervention treatment technology, the metal stent 
for blood vessels becomes an academic focus. As a 
stent material, the application of stainless steel  
316L has had a long history. 
Metal stent implanted in the human body can cause 
thrombotic disease, which is an important factor that 
affects the recovery of patients. Research analysis 
showed that a variety of factors affect compatibility 
of blood and stent. Surface roughness is one main 
factor. The more rough of the surface, the more 
area of stent exposed into the blood, leading to a 
greater probability of clotting[2]. However, because 
of the complex structure and the small size, after 
the stent is cut by laser, mechanical polishing 
cannot support finishing of the surface[3]. Due to its 
own property, electrochemical polishing has 
superior advantages in the finishing of the surface[4].  
In this study, chemical polishing method with direct 
current (DC) is used for exploring the surface 
finishing process of 316L stainless steel stent as an 
implant, and investigating whether it is practical, 
and cost-effective.  
 
METHODS 
 
Experimental device (Figure 1). 
 
 

 
 
 
 
 
 
 
 

As shown in Figure 1, the experimental device 
includes cell, heating device, thermometer, cathode 
material (stainless steel), blender, DC power and a 
number of wires. Positive electrode connects the 
polishing sample (anode). Stirrer is placed under 
the plate surface. Electrolyte solution can be only 

submerged samples, which contributes to the bubble 
escaping easily. The distance between the two poles 
is ranged 3 and 5 cm. 

 
Process   
At room temperature, the experiment process is as 
follows: oil removing by chemical method→cleaning→
removing oxides of surface→cleaning→
electrochemical polishing→cleaning →preparation of 
neutral solution→cleaning →passivation of the metal
→cleaning→drying and then preservation. 
 
Sample preparation   
The 316 L stainless steel was cut, with a diameter of 
12 mm by line of electric spark, and burnished by 100 
coarse sandpaper, followed by water sandpaper of 
280, 400, 600, 800 to wear it into the range of the 
roughness from 0.16 to 0.08 μm. 
Experimental stent was obtained in the following 
process: First of all, 316L stainless steel pipe was 
etched by laser, and soaked into acid solution. It 
cannot been used until it was washed with ultrasound. 
 
Oil removal from surface   
In order to remove surface oil of the stent, some 
chemicals were used. The concentration and the 
conditions are shown as follows: 

 
 
 
 
 
 
 
 

Preparation of neutral solution   
Sodium bicarbonate solution (5%) was added into the 
test solution to obtain the neutral solution. 
 
Preparation of passivation solution   
The chemicals and conditions employed in the 
preparation of passivation solution were listed in the 
following table. 
 
 
 
 
 

Figure 1  View of experimental equipment 

Chemical and condition Concentration 

NaCO3 20 g/L 
NaOH 15 g/L 
Na3PO4 20 g/L 
Emulsifier (OP210) 10 mL/L 
Temperature Normal temperature 
Time 10 minutes 

Chemical and condition Concentration 

K2CrO3 
NaOH 
pH 
Time 

18 g/L 
 3 g/L 
 6.5-7 

10 minutes 
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Detection 
Microscopic observation   
After polishing, stent was observed under the microscope 
without scratches, distortion or direction. 
 
Corrosion resistance   
The experiments of corrosion resistance were performed in 
Germany Zahner Company with IM6 electrochemical station. 
After electrochemical polishing, polarization curve of the stent 
surface (E) in Hanks solution was determined by 
potentiodynamic method. In addition, the polarization curve 
determined with mechanical polishing of stainless steel (M) was 
compared with the polarization curve of the stent surface (E). 
 
Composition of the solution used for polishing and 
operating conditions 

 
 
 
 
 
 
 
 
 
 

First, chromium oxide solution was added into phosphoric acid. 
Sulfuric acid was injected until the compound was well mixed 
and the mixture was cooled to the room temperature. 
Solution used for polishing was prepared freshly before the 
experiments. 

 
RESULTS AN DISCUSSION 
 
Effect of the solution on electrochemical polishing  
H3PO4    
Phosphoric acid is the main ingredient in the solution for 
polishing. During polishing, phosphoric acid plays a role of 
dissolution. Moreover, it formed a protective layer with 
phosphate in the stainless steel surface to protect the stainless 
steel surface from erosion[5]. If the concentration of phosphoric 
acid was too low, the proportion of polishing solution would be 
small, and the viscosity was also low. So the diffluence of the 
metal was speed up, which would reduce the degree of 
polishing. However, if the concentration of phosphoric acid was 
too high, the speed of polishing was slow. As shown in Table 1, 
when the concentration of phosphoric acid was 650 mL/L, 
polishing achieved the best results. 

 
 
 
 
 
 
 
 
 
 
 
 

H2SO4   
Sulfuric acid is a component in the polishing solution. In the 
polishing process, sulfuric acid was not used alone, which 
avoided precipitation of sulfate crystals hindering experiment 
polishing. Sulfuric acid can improve the electrical conductivity of 
the polishing solution, decentralization and efficiency of current 
in anode. Appropriate amount of sulfuric acid added contributes 
to leveling the surface of stent and improving surface brightness. 
When concentration of sulfuric acid was too low, it was difficult 
to level; whereas when concentration of sulfuric acid was too 
high, it would reduce surface finish of the stent, thus decreasing 
the service life of the electric polishing solution. Therefore, the 
sulfuric acid at 250 mL/L was identified as the appropriate 
concentration. The results are shown in Table 2. 

 
 
 
 
 
 
 
 
 
 
 
 
 

CrO3    
Chromium trioxide is often used in combination with other 
ingredients such as sulfuric acid and phosphoric acid as the 
electrolytic polishing agents. Electrolyte solution with the 
addition of chromium trioxide can improve polishing efficiency. 
For each electrolyte containing chromium trioxide, it is 
necessary to maintain a certain form of Cr2 O7

2+ for a good 
polishing result, owning to that the passivation membrane of the 
surface is produced by strong oxidizing material, i.e. Cr2 O7

2+. 
Experimental results showed that when the concentration of 
chromium oxide was greater than 80 g/L, the quality of polished 
surface was not improved, but when the concentration of 
chromium oxide was too low, the quality was declined obviously. 
Therefore, the proper concentration of chromium trioxide was 
80 g/L. 
 
Additives   
Adding to the solution of additives, such as ethylene glycol, can 
help increase the viscosity of the solution polishing, and reduce 
the sensitivity of impurities of the solution polishing. In this 
experiment, the appropriate concentration of additives was   
10 g/L. 
 
Effect of operating conditions 
Pressure   
When electrolytic polishing was conducting, only to a certain 
current density, the effect of polishing can be favorably 
achieved. This experiment used the same sample size and 
constant distance between the two poles, and satisfying results 
were only obtained in a certain range of voltage. Experimental 
results showed that when the voltage was lower than 15 V, the 
sample surface was not leveling, and the gloss was also very 
poor. When the voltage was greater than 21 V, the surface of 

Chemical and condition Concentration 

H3PO4（85%） 650 mL/L 
H2SO4（98%） 250 mL/L 
CrO3 80 g/L 
Additive 10 g/L 
Temperature 70-80 ℃ 
Voltage 18 V 
Time 2 minutes 
Area of cathode and anode 4: 1 
Cathode material Stainless steel 

Table 1  Effect of phosphoric acid concentration on the 
quality of polishing                      

Concentration of H3PO4 
(mL/L) Situation of polished surface  

560 
 

590 
 

620 
 

650 
680 

Poor surface preparation, poor 
brightness 

General Surface formation, poor 
brightness  

Smooth surface, the general 
brightness 

Smooth and bright surface  
Smooth and bright surface 

Table 2   Effect of sulfuric acid concentration on the 
quality of polishing                     

Concentration of H2SO4 

(mL/L) Situation of polished surface  

190 
 

210 
 

230 
 

250 
270 

Poor surface preparation, poor 
brightness 

General Surface formation, poor 
brightness  

Smooth surface, the general 
brightness 

Smooth and bright surface  
Smooth and bright surface 
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samples were uneven and the corrosion pits were visible, in 
addition to some deep pit. However, under a pressure in the 
range of 18-21 V, the best flatness was obtained. 
 
Temperature of polishing solution   
As well as voltage, the temperature of the experiment is also very 
important. If electrolyte temperature was too low, it would slow 
down the speed of dissolution of the anode, or completely contain 
the electrolyte polishing. And electrolyte plays a role of corrosion, 
which raises the viscosity of the electrolyte and the anode 
membrane, and prevents the pervasion of the dissolution product 
in anode. 
When the temperature was too high, the speed of dissolution of 
the metal increased and viscosity of the electrolyte solution and 
the product in anode were reduced, so diffusion became easy 
and the resistance of the electrolyte reduced; on the other hand, 
with increasing temperature, the adjacent anode layer would 
assemble quantity of heat, which aggravated to generate the 
gas in the vicinity of the anode and steam, and caused 
corrosion on the surface. Moreover, the effect of polishing was 
delayed. In the experiment, when the temperature was less 
than 50 ℃, the surface was not smooth, and with increasing 
temperature gradually, the quality of the surface was improved. 
However, when the temperature was greater than 80 ℃, the 
results were not satisfied. Thus, the temperature was identified 
as 80 ℃. 
 
Polishing time   
It is a necessary condition to precisely adjust the time of 
electrolytic polishing for good results. Experiments showed that 
the rate of polishing in the first several minutes was rapid, and 
gradually slowed down even stopped. The original material on 
the surface smoothness was poor, and the effect was more 
obvious. Similarly, changes of the capacitance of the interface 
between metal and solution, resistance and reflectivity of the 
samples also completed in the first few minutes, and then 
stabilized. In the experiment, when the sample was polished for 
one minute, its surface was smooth, but its metallic luster of 
surface was poor; when it was polished for two minutes, the 
ideal results were obtained. However, when the time increased 
to 4 minutes, the flatness did not decline fast, and yet the gloss 
of the sample surface became bad, even to be erosive. 
Therefore, two minutes is sufficient for polishing. 
 
Corrosion resistance   
As shown in Figure 2, for the stainless steel, corrosion potential 
of electrochemical polishing was higher than that of mechanical 
polishing, and electrochemical polishing from the 
thermodynamics maintained a more stable state. It is mainly 
attributed to the protection layer on the surface of stainless steel 
with the thick and dense oxide membrane which was formed 
during the polishing and post-processing. Thus, the state 
energy of the metal with electrochemical polishing was 
obviously much lower than the metal directly exposed to or 
polished mechanically. Thus there is a natural high corrosion 
potential. Corrosion current density of electrochemical polishing 
stainless steel, i.e. natural corrosion rate, was slightly smaller 
than that of the mechanical polishing. That is, corrosion 
resistance of the electrochemical polishing stainless steel was 
better than the mechanical polishing. 
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In addition, the surface pitting potential following 
electrochemical polishing was higher than that following 
mechanical polishing. That is, the stability of the passivation 
membrane in the corrosion solution was enhanced. It is of great 
significance for the scaffold. 
There was a hardening deformation layer on the surface of 
mechanical polishing, so in the mechanical grinding process, 
abrasive inevitably was embedded into the layer, which 
accelerated the corrosion rate of deformation layer. 
After electrochemical polishing, the deformation layer of the 
metal was dissolved, and the activity of its surface reduced. 
Moreover, the surface formed a continuous passivation 
membrane, which effectively prevented solution, so as to 
enhance the corrosion resistance. 
In this study, the optimal conditions of the 316L polished stent 
were studied. At the same time, a qualified and 
well-proportioned vascular stent was obtained, with bright and 
smooth surface (Figures 3 and 4). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3  Unpolished stent (× 40) 

Figure 2  Anode polarization of electrochemical polishing 
and mechanical polishing 

Figure 4  Polished stent (× 40)
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Conclusion 
The polishing solution in the experiment is effective and 
cost-effective. After 316L stainless steel samples were polished, 
its surface was smooth and bright, with increased corrosion 
resistance. After polishing the stent, a bright stent with uniform 
size and smooth surface was obtained. 
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摘要 
用直流电化学抛光技术，研究了 316L不锈
钢血管支架材料电化学抛光液中各成分的

作用及操作条件对抛光质量的影响。通过

优化，用实验得到的工艺能很快获得光亮

平整的抛光表面。 
关键词：血管支架材料；316L不锈钢；抛

光工艺；电化学；生物材料 
doi:10.3969/j.issn.1673-8225.2011.16.001 
中图分类号: R318  文献标识码: B    

文章编号: 1673-8225(2011)16-02851-04 
季士委，黄楠，万国江，王凯.316L不锈钢
血管支架材料的电化学抛光工艺 [J].中国
组织工程研究与临床康复 , 2011,15(16): 
2851-2854. 
[http://www.crter.org  http://cn.zglckf.com] 

(Edited by Chen XN/Su LL/Wang L) 

 
来自本文课题的更多信息— 

基金资助：国家自然科学基金中-港合

作项目(30318006)；四川省国际合作项目
(05HH0023)。 

利益冲突：课题未涉及任何厂家及相

关雇主或其他经济组织直接或间接的经济

或利益的赞助。 

 
 

英文刊名：European Cells & Materials  

中文刊名：《欧洲细胞学与材料学》 

ISSN：1473-2262 

影响因子：5.378 

出版周期：半年刊  

创刊年份： 2001年 

出版单位（或出版地）：AO Research Institute Davos 

期刊网址：http://www.ecmjournal.org/ 

主编：R. Geoff Richards 

投稿平台：http://mc.manuscriptcentral.com/ecm 

收录数据库：Science Citation Index Expanded, Materials 

Science Citation Index, Journal Citation Reports / Science 

Edition, Biosis Previews, Biological abstracts, CAS, Index 

Medicus, Medline and Scopus databases 
栏目：original research papers, reviews and conference 

reports 

原著，综述，会议报告等 

英文简介：European Cells & Materials (eCM) provides an interdisciplinary 

forum for publication of preclinical research in the musculoskeletal field 

(Trauma, Maxillofacial, Spine and Orthopaedics) and the cells and materials 

used in the replacement, repair or regeneration of these tissues.  

Cross-disciplinary papers that go across our scope areas are welcomed. 

The clinical relevance of the work must be included within the abstract, 

Introduction and Discussion. Incremental steps in research will not be 

entertained by eCM journal and will be sent directly back to the authors. 

eCM carries original research papers, reviews and tutorials on the advances 

made within the journal scope. All articles are peer-reviewed and reviewer 

comments, together with responses by authors, are published as an integral 

part of the paper. Technical notes are no longer considered.  
 

中文简介： 

《欧洲细胞学与材料学》杂志为发表细胞学及材料学在肌肉骨骼领域的运用、

修复和组织再生提供了一个多学科交流平台。发表符合本刊发稿方向的跨学科

研究，但技术说明类文章不予发表。 

ISSN 1673-8225  CN 21-1539/R  2011年版权归《中国组织工程研究与临床康复》杂志社所有 

SCI收录的生物材料类期刊介绍：本刊发展部 


