Journal of the Korea Academia-Industrial http://dx.doi.org/10.5762/KAIS.2016.17.8.722

cooperation Society ISSN 1975-4701 / ¢ISSN 2288-4688
Vol. 17, No. 8 pp. 722-727, 2016

T3 B2nlE o] £3F Asdnlde] HAF H)E ZATE 93 A
33}

A=l =2 =y
ot ==, dhEset
'ZRistn stetgsta), SR ISHTH JRSHANIE

Process Optimization for Reduction of Waste Acids of Electropolishing
Solution using Round Bus Bar

Soo Han Kim', Jachoon Cho’, Chulhwan Park"”

'Department of Chemical Engineering, Kwangwoon University

’Green Process and Materials R&D Group, Korea Institute of Industrial Technology(KITECH)

2 o ¥ AT ARES PHe Bolo] Aslelnl 34 F WA AN AV)E BADS 444734 ssinh
4 B2ls) Taguchi 7S ol §3te] Maleivt $49) A4 AL w2alich Aslelvl 34 F AFALo] 9T
w3 Aol AFAE, dajle A7, Aal) £, f% Qs 2t AelAel tfte] 3552 welse] A
WAEE Aol ABE SN Taguchi 7180] whe FrIEAH SNHIE AET A3} AFDEA M 2 G v
1 Qs Algke] g A G vAE AL HASGT, A AR YRS ALBG S Y A 20 AR
= 45 Aldn? 2081900} A1 4 min, 0519 12 65 T, §3 7 Limin2lth 2AHA A%} AFUE, Qe 1, ko] 412
G ovel A ol B HelstelT FY Rarl Ao 4% WA 9 4% S ARnse] Byl A A%
WA AR 5 gtk Bavke] Fel A Rk vy WA Pk 9 W gy Rovhol B AR
of gt BAT W A7k BF A ogolth

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.

Keywords : ANOVA, Electropolishing, Reduction of waste acids, Round bus bar, SN ratio, Taguchi

*Corresponding Author : Chulhwan Park(Kwangwoon Univ.)
Tel: +82-2-940-5173 email: chpark@kw.ac.kr

Received July 27, 2016 Revised (Ist August 5, 2016, 2nd August 8, 2016, 3rd August 10, 2016)
Accepted August 11, 2016 Published August 31, 2016

722



Joll A gol

A
¢}

ko] &

S

H-8-& E0)7] 9

Taguchi 7|

L

L

oF

83
Fsha4

A}

9 R2ukE ol 8% Haldntele] it #7]

o] dFo oy Ak

Eas

. ME

3L
It

At

S

fol Age 538

=] =
XE A3

ey

hgow 77 A

[

e wj A

WAAA

=

e,

T
Y

E)

™

18]
i

&
+

|

Fig. 1. Round bus bar.
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Fig. 2. Electropolishing apparatus.

FAS =o|7] Yste] 33] WA LS wjx] 6+ dr x{]o] Table 2. Composition of STS 316L
QJX]—Oﬂ qﬁ’i’ FT %Z_]'Z} 3—}1\‘%9.E 3]'%\1:]', Table 1 Symbols for element Composition(% w/w)
& A0 A8 AR % 55 ek HolT), & ¢ 0o
1 = 1.
AT R ARl tie 35E EEY Hunjds Mn <2.00
4 - _ s P <0.04
Ly(3") & olg3te] AgS St S <0.03
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 A3y 3 24
time(min)
Electrolyte 60 65 20 A Antls Fn)3 T e Aufstaz) sh=
temp.(C) o o FHoAnl Ax 3 2
D Flow rate(L/min) | 7 1 5 5%-2 Fig. 2] AsjAnt =9} Fig. 19] 73 _.HM]
st Aafdrtel s FE 2 EFATIL A58
& FH R Yol AFE IEA o) Fae vEe
- e Avietgler. FH2 W dejdvt F DIWE FHE
3 Jéls-l
- [ =]

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

AFBL N, 7k22 1x% & S/FA ZHALY
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Table 3. SN ratios of improvement rate of roughness

Outer array:
Exp. Inner array Improvement rate of SN
no. roughness(%) ratio
A B C D R1 R2 R3
1 35 4 60 7 5441 | 4529 | 53.88 | 34.09
2 35 5 65 11 | 5521 | 4547 | 52.55 | 34.08
3 35 6 70 15 | 46.90 | 42.29 | 36.42 | 32.30
4 45 4 65 15 | 49.65 | 59.32 | 54.78 | 34.67
5 45 5 70 7 53.83 | 60.65 | 61.47 | 35.32
6 45 6 60 11 | 53.86 | 58.01 | 55.24 | 34.91
7 55 4 70 11 | 54.18 | 61.07 | 40.58 | 33.92
8 55 5 60 15 | 52.44 | 49.36 | 44.98 | 33.74
9 55 6 65 7 53.89 | 60.69 | 63.32 | 35.40
42 HE

2] SNulo] th3h
Table 62 A|o]<l
(pooling) & & FAREAl A3} ghelth
S oo g slu BakEA] Avh A
(Asfol &%), DI(FH)e] Fzrol
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Table 5. Analysis of variance for SN ratios

= Zﬂ‘ﬂ‘ﬂx} = SNH] 01] ‘:H% og ol:ol El ‘/EH O]E]—. O] 31 Source DF Seq SS Adj SS Adj MS F P
_ _ . N o A 2 3.30821 3.30821 1.65410 *
?\51' ‘?’l’@r Oﬂ /H i%_u\i7%xe7] 7H/\\j‘é‘ SNH]’:’“ 7]';2} Z OC:J] o]:'é‘ B 2 0.05429 0.05429 0.02714 * *
F= ?_]z]_y}. ﬁ%_?z]_tl:_(\%] ].48)%1\_9_13:1’ 7}-78— X_Il—.‘% C 2 1.13764 1.13764 0.56882 * *
- - D 2 2.80672 2.80672 1.40336 * *
A FE AL WAt AT 3t 0.18)0] k. — : :
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 33.49 3423 3424 34.94 A 2 3.3082 | 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
rror . . .
Delta 148 0.18 0.87 137 Toml 1 3 1 73060
Rank 1 4 3 2
FEUAAT] A& Frol7 GEFE T Aol
Main effect plot of SN ratio g,]le ZF%_,Z*%HL% SN];]] g)\-o] 3]3]]7} E]TL_; _’[:.71,_:011:} h
A ] = A s
b T3 folsh She oA A A, 1)g, AA
/ N - . — -
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Fig. 3. Main effect plot of SN ratios.
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