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Abstract In this study, we attempted to reduce the generation of waste acids in the electropolishing process by
improving the current efficiency. The optimum conditions of the electropolishing process when using the round bus
bar were determined by the Taguchi method. The current density, polishing time, electrolyte temperature and flow
rate were selected as the control factors for the current efficiency in the electropolishing process. An orthogonal array
was created by considering three levels for each factor and experiments were carried out. The larger-the-better SN
ratios were calculated by the Taguchi method. The current density was the most important factor affecting the current
efficiency and the polishing time was the least important one. The optimum conditions to minimize the generation
of waste acids were a current density of 45 Aldn?’, polishing time of 4 min, electrolyte temperature of 65 C and
flow rate of 7 L/min. The results of the ANOVA confirmed that the effects of the current density, electrolyte
temperature and flow rate are significant at the 95% confidence level. The increase in the contact area and contact
force afforded by using the round bus bar improved the current efficiency which, in turn, reduced the amount of waste
acids generated. Further research is planned to investigate the effect of the type of bus bar on the current efficiency.
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Fig. 1. Round bus bar.
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Fig. 2. Electropolishing apparatus.

Table 2. Composition of STS 316L

Ql Symbols for element Composition(% w/w)
2 AP A8 A4 B £FS ekl Fock. B ¢ 00
1 = 1.
AT 4 AR e 3¢ BEY AuldE Mn <2.00
= = == P <0.04
L,(3") % olgete] 49E st P =00s
Mo 2.0~3.0
Table 1. Factors and levels Ni 12.0~16.0
Cr 16.0~18.0
Symbols Factors Level 1 | Level 2 | Level 3 Fe balance
Current density
A (A/dmz) 35 45 55
B Polishing 4 5 6 3.2 MguhH gl IEM
time(min)
e P P Asietrtele FH1g A8 Avpelag s
temp.(C) O T o] A&oinl Ax & By
D Flow rate(L/min) | 7 11 15 Sy Fig. 29 Adsjdvt 44k Fig. 1] 79 72 M]
wAs dafArtl s FE 2 w87 d5%
& 72 42 4ol AR I AT dae
3 A SIS S N e B
o
" EF AHsa N, 7haR Aze § 2 A7

3.1 AlSRE 2 =R

& el AREEE ekl 85% QIAHEEA
A3, 98% FAHBVIZ), EP2(SF e 7101,
DIW(deionized water)= TAEUTE 2]l 2"
FEE Hdajdntsly] g 4= Fig. 29 22 A4
ol A Z 1/2"x1.24 Tx1,000 mm =7]9] FH 52&
AsAnl & 4= 9t} FHo| AFE FH= 78 &
HHE Fig. 19} o] {1 =9 AAHz 43 &
oA Fuks Y F QRS FHof itk 79 Fule
A4 Foanl B kg Fonlof v]ste] & WA gl
HEeo] & Honpolr) Majdvtel] AMEE ARV
15V, 300 A(T-5371)9] &35 73 otk %
ulol] AFRE A% FH oz A 4o]7) 25 cm, 2

© hl
7 4 mm, 7Fo]= 7+4 10 ecmeo|t). At FEE

4. Aqn}

4.1 At

2w gl wpe A
wol7] ko] 7} 7ol A Hk
Q FHAAY] NAE s
A EAXS FHAZY] AAE
o] WHEA SNB|Z Tl 2
¥} 22 SNH| & Aotk
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Table 3. SN ratios of improvement rate of roughness Fig. 3+ Table 4/] WSS 7oz el Aoz
: ] 3 H|o] =g lo BN %
Outer amray’ HHAAY] 7Ngel digk SNH| 9] F=g o). ATK(H
Exp. Inner array Improvement rate of | SN FAE)9 3150] 13 & Aoz YElyron ol 1Y
! hness(% ti B ) )
R TE T s T | R;SS( )R3 e A7) ARg 7P 2 AFE RS o g
1 | 35| 4 | 60 | 7 | 5441 | 4529 | 53.88 | 34.09 Table 5= Uuk Ad 2&S A}&3ke] THAR 7] 7
2 |35 ] 5 |65 | 11 | 5521 4547 | 52.55 | 34.08
pe o) 5 BALE A A= 3
3 135 6 | 70 | 15 | 4690 | 4229 | 36.42 | 32.30 1&e SNHJel i wihed Ads v el
4 | a5 | 4 |65 | 15 | 49.65 | 5932 | 5478 | 34.67 Table 6= #0112} 5 W-go] 212 ARl vjsto] £
s | as [ s [ 70 ] 7 [5383 ] 60.65 | 6147 | 3532 NS S HAMA Al 7ho WEo] 2o RE
6 | 45 | 6 | 60 | 11 | 53.86 | 58.01 | 5524 | 34.91 (pooling) = & Aki) A} gholth. Wil 22 BY
7 |55 | 4 | 70 | 11 | 5418 | 61.07 | 40.58 | 33.92 S oo g st BAMREA Adl AR HFER), CF
8 | 55 | 5 | 60 | 15 | 5244 | 4936 | 44.98 | 33.74 .
9 |55 ] 6 | 65| 7 | 5389 | 60.69 | 63.32 | 35.40 (sl £5), DRG] Fakel 27 6094, 20.96,
517083tk 18]3L A, C, D&l tigk Pgte] 22 0.016,
42 HE 0.046, 0.019%tE. Wb A, C, DI B e
= 95% ol A Fefsirtal & 4 itk B2 ZHAZY] )
1. 3L = = ST > o) 5
Table 4'\__‘ E‘%ﬂ_ '—_1‘*6]}]?_ Ii?i7%ze]7] 7Hﬁ§°ﬂ Ogtg: A—]%oﬂ ‘%9]—8}'%] e%__gl_q_
S "X & AlofQlAtel gt SNH|Q] wkg-Folth e}
Delta) gt ZH2be] Alof1al 59 FFolA et 5 7t
( ) B . ° ° Table 5. Analysis of variance for SN ratios
2 g 22 gk 2elE yERd o]tk Rank
= Aol 5 SNolo] i 9] @ gjolef ofe)  Some [P [seuss [aass Tanvs [v [
g Aol M EART] AL SNujell 7 2 FFe B 2 [ 005429 | 005429 | 002714 | * | *
Fi R}t AFULE(AE gt 148)F o, T 2L C 2 | 113764 | 113764 | 056882 | * | *
] L ) D 2 | 280672 | 2.80672 | 140336 | * | *
ogtg:% ‘T‘T_‘ ;ﬂ% ﬁﬁﬁﬂu} ]7]'(‘:—“]5]' gk 0. ]8)01 AE]' Error 0 * * *
Total 8 | 7.30685
Table 4. Response of SN ratios
T Table 6. Analysis of variance for SN ratios after pooling
A B C D Source | DF | Seq SS | Adj SS | Ad MS| F P
Level 1 3349 3423 3424 34.94 A 2 | 33082 | 3.3082 | 1.6541 | 60.94 | 0.016
Level 2 34.97 34.38 34.72 34.30 C 2 1.1376 | 1.1376 | 0.5688 | 20.96 | 0.046
a3 | w | wa | mw | mw D12 {asoor st e | 5170 | oo
ITor X A .
Delta 1.48 0.18 0.87 1.37 Total 5 | 73069
Rank 1 4 3 2
EHAA7] A&l foet &S F= AUAA]
Main effect plot of SN ratio g,]le Z[:%}ﬁﬁﬂlo SN];]] 71-0] *"]EH }E]TL_; _’[:.71,_:011:} 1
o : 23 frelat ke ks AEe) A, ulg, A
/ . _ - - — -
5 T e 55 sty AR sdsit) wEia] ZHAE7)
34,0 - = -
0nd / NAage] AUt =& Y FE2Fe 4,8, CyD,
S T S S S B o BOAaIdAn} AL 254 EAALY] A S
& ol : \\ o t)&k SNH| zro] AUzt HAutk G035l AFFS x|
i N RN
s oz A, g, AANE s 15E0R
34,0 . N N -
' L st AaldAnt Al el wEE Hefule] ¥
35
i 2 5 “ : 3 of whe} Fgt A7) AIZD gtz deid
ottt ok Azke] FowW Asjdnte] Fol FHsE FEPRE
Fig. 3. Main effect plot of SN ratios.
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