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Electropolishing has various parameters because an electrochemical reaction is applied. Accordingly,
experiments to determine factors and levels of electropolishing conditions are in progress for various mate-
rials. The purpose of this investigation was to optimize conditions for electropolishing using the taguchi
method for UNS S31603. Factors such as electrolyte composition ratio, electrolyte temperature, and elec-
tropolishing process time were selected. Electropolishing was optimized using analysis of variance
(ANOVA), signal-to-noise ratio (the smaller the better characteristics), and surface analysis. Results of
ANOVA revealed that only the electrolyte composition ratio among factors was effective for surface
roughness. As a result of statistical analysis of the signal-to-noise ratio, the highest signal-to-noise ratio
was calculated under electropolishing conditions with sulfuric acid and phosphoric acid ratio of 4:6, an
electrolyte temperature of 75 °C, and electropolishing process time of 7 minutes. In addition, the surface
roughness after electropolishing under the above conditions was 0.121 um, which was improved by more

than 88% compared to mechanical polishing.
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OPTIMIZATION OF ELECTROPOLISHING CONDITIONS WITH STATISTICAL AND SURFACE ANALYSES USING TAGUCHI

METHOD FOR AUSTENITIC STAINLESS STEEL
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Table 1. Chemical compositions of UNS S31603 (wt%)
Ni Cr Mo C Si Mn P S Cu N Fe
10.19 16.7 2.03 0.023 0.60 1.05 0.034 | 00028 | 0282 | 0012 Bal.
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Table 2. Designed control factors and levels of UNS S31603

Factors Unit Level

95 wt% ]g:scg?ly; (v?tz% H,PO, - 1e® 267D 3(4:6)

Temperature (B) T 1(70) 2 (75) 3 (80)

Process time (C) Min 1(7) 2(9) 3(11)

Table 3. Designed taguchi orthogonal array of UNS S31603
Inner array
Electrolyte., Process time Outer array:
Row Volume ratio Temp., °C Min. ’ Roughness, um
(H,S0,.H,PO,)

A B C R1 R2 R3
1 2:8 70 7 0.279 0.338 0.228
2 2:8 75 9 0.242 0.255 0.262
3 2:8 80 11 0.183 0.176 0.229
4 3:7 70 9 0.166 0.169 0.157
5 3:7 75 11 0.268 0.179 0.214
6 3:7 80 7 0.249 0.213 0.216
7 4:6 70 11 0.175 0.213 0.164
8 4:6 75 7 0.148 0.101 0.121
9 4:6 80 9 0.171 0.155 0.132

Minitab® 21 AXE9ojE Fa F3ystaie). dajdnt
T pEEAdE 3D B4 W FAAEE A

(Scanning electron microscope, SEM)& ¢85t}
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Tabel 4. The result of signal-to-noise ratio(SN ratios) of roughness for UNS S31603

Inner array
Outer array:
Row \]?(1)(133:121?:{0 Temp., °C Proc;:isnt.ime, Roughness,itm r:tli\c])s
(H,SO, .H,PO,)
A B C R1 R2 R3
1 2:8 70 7 0.279 0.338 0.228 10.8961
2 2:8 75 9 0.242 0.255 0.262 11.9329
3 2:8 80 11 0.183 0.176 0.229 14.0928
4 3:7 70 9 0.166 0.169 0.157 15.6989
5 3:7 75 11 0.268 0.179 0.214 13.0201
6 3:7 80 7 0.249 0.213 0.216 12.8953
7 4:6 70 11 0.175 0.213 0.164 14.6475
8 4:6 75 7 0.148 0.101 0.121 18.0738
9 4:6 80 9 0.171 0.155 0.132 16.2776
Table 5. The result of ANOVA of SN ratios for roughness
Source DF Adj SS Adj MS F-value P-value
Linear 3 0.015625 0.005208 7.14 0.030
A 1 0.015201 0.015201 20.84 0.006
B 1 0.000131 0.000131 0.18 0.690
C 1 0.000294 0.000294 0.40 0.553
Error 5 0.003647 0.000729
Total 8 0.019272
* R?=81.08

(DF: Degree of freedom, Adj SS: Adjusted sums of squares, Adj MS: Adjusted mean of squares, F-value: Fisher-Snedecor distribution, P-
value: Probability value)
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Pareto chart of the standarized effects (a=0.05)

Fig. 1. Pareto chart of standardized effect for factors with
SN radios

- Smaller the Better

Level Electrolyte, Vol%(H,SO,) Temperature, °C Process time, min
1 12.31 13.75 13.96
2 13.87 14.34 14.64
3 16.33 14.42 13.92
Delta 4.02 0.67 0.72
Rank 1 3 2
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Fig. 2. Main effects plot for mean of SN ratios with surface roughness
Table 7. Optimization conditions with SN ratios for roughness
Electrolyte, Vol%(H,SO,) Temperature, °C Process time, min SN ratios
Experimental value 4 75 7 18.07
Predicted value 4 80 9 17.05
70 °C 75 °C 80 °C
7 min (A]_B]_C]_) 9 min (AleCz) 11 min (A1BgC3)
; g 2 :E' 2 g 2
9 min (AzB1C2) 11 min (AszC3) 7 min (AzB3C1)
@ %"J g) :é!»
11 min (A;B1C3) 7 min (AngC1) 9 min (A3B3C2)
B E;; ‘é‘;:» ‘E;; .

Fig. 3. Gavanostatic experiment (300 mA/cm?®) for EP with Electrolyte: (a) 2:8, (b) 3:7, (¢) 4:6 [Sulfuric acid(H,SO,):

Phosphoric acid(H,PO,)]
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Fig. 4. Surface morphologies after EP with Electrolyte: (a) 2:8, (b) 3:7, (c) 4:6 [Sulfuric acid(H,SO,) : Phosphoric acid(H,PO )]
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