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ABSTRACT

Electropolishing is surface finishing process of metals and alloys, getti surface with very low

emical polishing or electrolytic polishing. It is a chemical surface
oved electrolytically, ion by ion, from the surface of object. The main
roughness, thus dramatically reducing the risk of dirt or product residues
ability of surfaces. Electropolishing is also used for deburring, brightening and
passivating. The pr oses an undisturbed, metallurgically clean surface. Electropolishing has become a
common treatment for'stainless steel in industries because a corrosion-resistance and cleanability requirement
of stainless steel is generally high. Typical applications are found in the pharmaceutical, biochemical and food-
processing industries. Since electropolishing involves no mechanical, thermal or chemical impact, small and
mechanically fragile parts can be treated. Electropolishing can be applied to parts of almost any shape or
size[1].

Electropolishing is a process by which metal is removed from a work piece by passing of electric current while
the work is submerged in a specially designed solution. The process is essentially the reverse of electroplating.
In a plating system, metal ions are deposited from the solution on to the work piece; in an electropolishing

system, the work piece itself is dissolved, adding metal ions to the solution. Fig.1.1 is a schematic illustration of
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a typical electropolishing cell. The work piece is connected to the positive (or anodic) terminal, while the
negative (cathodic) terminal is connected to a suitable conductor. Both terminals are submerged in the solution,
forming a complete electrical circuit. The current applied is direct (DC) current. The principal chemical
reactions occurring at the electrical anode, that is, at the part, are as follows:
Metal - Electrons —>  Metal ions

The reaction states that metal is dissolved from the anodic electrode, passing into the solution to form a soluble
salt of the metal. All of the components of stainless steel, namely the iron, the chromium, and the nickel,
undergo this reaction simultaneously, producing the controlled smoothing of the surface. Several side reactions

also occur, creating by-products that must be controlled in order to produce the est possible quality of

electropolishing. The quantity of metal removed from the work piece is proportional to the amount of current
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Fig -1.1 Schematic ':stration Of Typical Fig -1.2 The Effect Of Electropolishing On
Electropolishing Surface Finish

I1. ELECTROPOLISHING PARAMETERS

Electropolishing is one of the useful tools to improve the surface finish of a metallic work piece by anodic
dissolution process. In Electropolishing the anode surface is smoothened and brightened by the use of
appropriate electrolyte under optimum conditions of current density and temperature. Stainless Steel is

generally Electropolished in industry from phosphoric acid based electrolytes. Electropolishing of stainless
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steel have large number of applications in industry. Electropolishing technique plays important role in vacuum
technology, preparation of samples for metallography and electron microscopy.

K. Srinivasan, K.S.Ranga krishnan [3] studied the effect of current density, time, and temperature on the weight
loss metal. The electropolishing baths for stainless steel with various concentration of phosphoric acid from 10-
75% by volume were tried. The optimum concentration of phosphoric acid for electropolishing of stainless steel
was found out. The brightness of the stainless steel is best at 50% by vol. of phosphoric acid bath conditions
compared to other baths.

According to P.J. NUfez, E. Garcia-Plaza[4], The most common electrolytes for the electropolishing of stainless

steel are varying concentrations of phosphoric and sulphuric acid, and occasionally additives such as chromic

acid. The main aim of this study was to check the performance of three commonlyfused industrial electrolytes in

polishing range using any of the three electrolyte ranging (80+90%) for

both textures and positions. Similarly, temp ) ignifi i on process performance

lowest temperature (in this study 35 C), which ensu i ic conductivity, reduced energy costs,

avoided producing toxic vapt : olyte, The parameters electropolishing time and

orthophosphoric acid 63%. The addition of chromic acid (3%) to electrolyte

cess performance, and the outcome was similar to that obtained with the

electropolishing of austenitic type 304 and 316L stainless steels in commercially-available EPS 4000 solution
(based on a mixture of phosphoric and sulphuric acids) for use in cardiac stenting applications. Electropolishing
parameters such as electrolyte temperature and concentration, current density, polishing duration, use of pulsed
current and ultrasonic agitation have been explored and optimal conditions have been found. Quality of the
polishing was determined on the average surface roughness, amount of thickness reduction, and overall surface
appearance. Samples polished in an ultrasonic bath with pulsed currents of 50 Hz, and 60°C achieved the lowest
surface roughness with little or no evidence of surface defects which were present in other recipes.Similar

results were seen in both types 304 and 316L stainless steels. Optimal conditions were chosen so as to meet the
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surface roughness and reduction requirements, minimize the amount of pitting, and obtain a surface with high
chromium and nickel content. In most cases, surface roughness and thickness reduction are inversely related.
Shuo-Jen Lee and Jian-Jang Lai [6] extensively studied the improvement of the corrosion resistance capability
of a work piece being processed by the electropolishing (EP) is one of the most importance process
characteristics. In this paper, the effects of the EP process parameters on the corrosion resistance performance
of the SS 316L stainless steel were studied based on the uniform and localized intergranular corrosion (IGC)
analyses. The IGC is the prominent characteristics of localized corrosion in stainless steel. The work piece
(anode) material was the SS 316L stainless steel. The cathode material under study was platinum. The

electrolyte was composed of sulphuric acid, phosphoric acid, glycerine and DI water#il he test specimens were

all polished before experiments in order to reduce the effect of the bail by lay ariables of the EP process

ray photoelectron spectroscopy (XPS) and Auger electron conducted to

analyze the metallurgical composition and the thickness of the

improved by more than 85%. ik es also verified that the passive film had changed to Cr
rich after the EP process.
MIAO Wei-dong I i the effect of processing parameters on nitinol

near parabolic law, a e relationship between the temperature and the surface reflectivity follows a near
sigmoidal law. The relationship between the electropolishing voltage and the current density follows a near
cubic law, while that between the electropolishing rate and current density follows a near linear law. The
relationship between the electropolishing rate and the time follows a near sigmoidal law. The practical spacing

between anode and cathode is confirmed by the Hall bath experiment.

2.1 Additives Used In Eletrolyte

Tarnishing and roughness of copper surface can be removed by electropolishing treatment (EP) imparting a
bright and smooth surface at suitable conditions, e.g. current density, time, temperature, and viscosity. It was
carried out by A.M. Awad, N.A. Abdel and T.H. Dahy[8] using an electrolytic cell containing phosphoric acid
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55% as the electrolytic solution. Both copper working electrode and lead counter electrode, and reference
electrode (SCE) were connected to a Potentiostat/Galvanostat to allow an electric current to pass through the
solution. Some additives such as soluble starch, ethylene glycol, and methanol were added to reduce defects
formed on the copper surface during EP process. The results showed that the highest gloss value was obtained
by applying electric potential 1.5V at the passive region of polarization curve. The surface was investigated
after EP treatment, where SEM and EDX showed lower roughness in case of addition of both soluble starch and
ethylene glycol more than methanol. Moreover, AFM analysis showed the lowest roughness in case of soluble
starch more than other additives.

Ching An Huang, Jo Hsuan Chang, Fu-Yung Hsu and ChihWei Chen[9] have

behaviour and microstructures of copper deposits electroplated in an acidic copp

osed Electropolishing

ulphuric bath with different

30 nm.

With the addition of a small amount of thi

sample was fixed as and a suitable current was applied in to electrolytic cell containing H3PO4. AlSI-304
stainless steel was ex4posed to stabilized mixed culture of sulfate reducing bacteria (SMC-SRB) under different
conditions as, temperature, pH, salinity, and incubation time and inoculums size. The present study recorded the
main indicators of bacterial activity such as S—, Fe++, most probable number (MPN) of SRB and weight loss
(corrosion rate) by milinches per year (mpy).

As the roughness of AISI-304 stainless steel surfaces is decreased, the resistance against bacterial growth is
increased. Electropolishing process is successfully used to increase the smoothness of AISI-304 stainless steel
surface by elimination of bacteria may harbor through the burrs of the surface. Under all conditions of pH,

temperature, incubation time, salinity and inoculums size of cultivation, the bacteria was reduced to less than
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10% of the original concentration after EP. SEM analysis revealed that the morphology of the surface was
regularly smoothed out and a high gloss value of the surface was obtained at 3.75 A/dm2. EDX analysis showed
that the elements S, C and O formed over the surface due to bacterial growth were completely disappeared after
EP while, the main elements of AISI 304 stainless steel Fe, Cr, Ni

and Mn were obviously present. Electropolishing technique can be recommended in different fields to improve
disinfection of the surface of AISI-304 stainless steel.

Prakash Sojitra, Chhaya Engineer, Devesh Kothwala, Ankur Raval, and Haresh Kotadia [11] have done An
Investigation of Material Removal, Surface Roughness and Corrosion Behaviour by Electropolishing of

316LVM Stainless Steel Cardiovascular Stents. Smooth surface of a cardiovascular t is an important factor

in determining biocompatibility. Electropolishing is an effective method for i ving surface smoothness of

level and also long-term corrosion behaviour of stent material

The quality of the surface of 316LVM stainless ste onary stents was very muchiimproved when subjected

to electropolishing followed by passivation.

I11. SUMMERY

Electropolishing is surface finishing process of me d alloys, achieving brilliant surface finish with very

low surface roughness values. hrinivasan investigate rightness of stainless steel is best at 50% by

to protect

brightness.
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