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A Study on the Machining Characteristics of Electropolishing for
Stainless Steel
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Abstract

Electropolishing is the anodic dissolution
process in the transpassive state. It removes
non-metallic inclusions and improves mechanical
and corrosion resistance of stainless steel. If there
is a Bailby layer. it will be removed and the true
structure of surface will be recovered again.
Electropolishing is normally used to remove a very
thin layer of material on the surface of a metal
component.

The aim of this study is to determine the
tendencies of electropolishing STS316L tubes in
terms of cumrent density, machining time,
temperature, electrode gap and surface roughness.
Keywords Electropolishing(A & A v}), Anodic
dissolution(% = 8-3f). Bailby layer(7} 323,
4| %), Current demsity(dF 2 %), Electrode gap
(4535, Electrolyte(d 3l o)
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Fig. 1 Principle of electropoloshing
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Fig. 2 Electropolishing mechanism
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Fig. 5 Experimental setup
Table 1 Chemical composition of STS316L(%)

Symbols for
ym c|s |mMiPp s | N |oc|Mo
element
Composition 120~ {160~ |20~
<0.03|<1.00|<200|<0.04{<003
(%) 150 | 180 | 30

Table 2 Experimental conditions

Power suppi 50V, 50A DC

Supply Bu-Heung Electronics

Workpiece STS316L pipe

(anode) @10.6mm (1:1.8mm)
Phosphoric acid(HsPO4) 50%

Electrolyte Sulphuric acid(H2804) 20%
Water(H:0) 30%

Electrode

(cathode) Cu (@86, 5, 4, 3mm)

Chucking STS304 (chucked by bolt)

Surface Mitutoyo Surftest SV400

roughness tester

Surface Olympus BH2-UMA

measurement

Metallographic Olympus DME3-312B

measurement

B AddA Agd AsE 2HJdAE B
STS316Lo] 9, 33t RS Table 17 2ot AR
g 850 wa} #600, #1800, #30002] AUlYAE
ol g3t APz AGNHIEFE FIHHFRAG *}
& AMBL 7tz A HHPO), FAHHS0.). T
FMH0)8 EZFEAL AHEEgT S Z“é
g ZAdAE & ZAdA JeEdEs 74 3
A A3 Fo] glo] 7Y &aF LS Aoy,

Bae F&o 27 4HE doA AFEAES
ol dedg @ AT AL &FoE

4zt tg AAoz AEEdn, ¥FAE uA%
AE ~HAPA 7 STS304= xﬂﬂs}@c} A%

—188-

232 Table 29 v} ZE AjHEL
AA7), BAAA

AvtE w
zAND oz AN

4 A9dx 4 n3

) AFLEYN BE H7t
Fig. 6 STS316L732 Asidnt A3} ozl
AG-AFLES #AE vebd Fdoloh A=
2o mm, ANE LEE 60T, 2231 A4 A
uo °V‘]’(H3PO4) ;g.A}(sto4), ')1:(1'120)9]
zggdot AFAoz A Fd wet
AFLEr} d5dte %S L}EMJ_ ]

%

2 Workpiece STS316L

Temperature 80°C _a

|| Electrode gap 1 mm /

Electrolyte:
H,80, + H,PO, + H,0

»
S

Current density (Alcm7)

Voltage (V)

Fig. 6 Current density-Voltage curve of STS316L
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Fig. 7 Relationship between surface roughness
and current density
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Fig. 8 Relationship between surface roughness
and polishing time

Fig. 82 7I¥A & & W A&7 20m

Ra, 11.0mRmax?! A¥-& 7hEAZbo] whet Ao}

o 28 Ed A7 st #AE e A

ot} Alg AFREE 9.0A/cm’o}3l, A3 A
EE 40T, A3 122 05mm ojth A A
S1AHH PO, FHH:S0.), FFFH0)9 E§
Ag AL AT

AR oz 7FFAZl HAAFTE FFE
Ed A7t HEHEe HAEFE Rolw, ¢
120secll A FA e 42 Yehlar, 120secE 3
ojxH W AAZ 4L 9oy FAAEs}
37 &l 0~120sec®] HE 7FEALE VA E
AGYdidE drrt AgE =HA gol Ed
FE2 E7]7) dolgle EW I4L ez,
9.0A/cm*e] HIRA EFL AFUL Ajgow 9
A7t &3 232 g Bol1 Urh 120~200sec? B
JHAE 8L 77 oJ=AE AAHD, A
AR s YAV FRE 23 Yl Qe
9, 200~400sec?] CHYANA= EW E71 &
33 gAZE A9 220 el Aoy
Ay Zo] A3 AAHAL S ¢ 4 Uk 219
U JtEAE " SUHAAE RREHY 3
o] 3 gomg NFELHLT THY w HIFH
AlZbe Adage Aol nida

3) A 250 @& H7}

Fig. 9v A#N9 7t3F FdLxd W&
3229 B A7 ¥3E Jegd Aol ¥
A9 7HFd EW AF’IE 20mRa, 11.0m
Rmaxo|¥, 13A/cm*e] AFLUE, 150seco] QAvHA|
ZH, 2213 05mme] AINFL AHREgd. A
A AL AAHPO), FAHS00), FHFH0)
EFLEAS AEEGoH, HAd AdA x4
Ae gakgo] FudA Jyso] mAAHA A
TtEES 4L 4 Atk AHQPA 7} STS3I6L,
Qi ZHF4o AL AET £ Ay
v %7t dsdd gt 29 AFVIE A3
Az AL 53] 68T 2o ®H E7}
M e ¢ 5 AAgT

AN 257 Fod aNHA FH43)
7 olFoA e weEty AsY Fol FEFL)
o AA Ho AR HFAel HA FIHHA
o, o]2 & nHA] FF5e JANA F
£¥A Q(MHPEL Y1 EEFFAUNS 47
o2 gaA7E 494 gE7 g @i A
g0 7tFAHL F/HAANA E5k® 20~30TQ
$e 259 A= Fig. 99 o] dvlrt
Az §x ol FBL E7), A7 3 =

-189-



21¢ et 30~60C2 BF Ao = theF
o} 717 AAZ] AFE I, A9Y Hoge 9
AZE Ay 23g Boln glon 68T AHE
o 25 E ¥gstE 60T cdddME ®
W AAr)e FFAErt A3, FUAASH =24
o] o} J3 g Holx Yt

7L Rl O
o
g«! ";&
IR
A
«——>e
175 ¢ i
I tish
’g1.50 - g Befors polishing ]
E S — 2.0umRa
joppeat Workpiece STS31§L “@ 11.0umRmax ]
2 Current density 13 Averd
2 100 || Time 150 sec
£
g, Electrode gap 05 mm
2075 Electrotyte:
Py H.S0,+HPO, +HO
O - - )
goso b .
I oo
D g5 —h 1
Y |
0.00 L L ) L [ Tl
20 30 40 50 80 70 80 90
Temperature (C)

Fig. 9 Relationship between surface roughness and
clectrolyte temperature

@ B33 wpg 37t

200F 7 " ' . ]
_ Workpiece STS316L ¢
E, FISE ) cument density 7.0 Alam’ ]
g 150} | Time 18‘: sec /. E
9 5[ |Temperature 65°C y 4
£ Electrolyte: -
5 100+ |H,SO, +HPO +HO Before polishing
g ors| 0.15smRa
s P p 1.4pmRmax
T os0f T 1
R
@ T
0251 B ]
i
0.00 L2 = - y y
05 10 15 20

Electrode gap (mm)

Fig. 10 Relationship between surface roughness and
electrode gap

#6000 FZPAE 7HAE YA= AP
0.15;mRa, 14mRmax?] A7}E ®d AAHZE 7}
A AR AFF wet 4@ d3 Fig
103 22 A74E At 4714 AR AF
TE 70A/m’o® ¥lwAE yron] dArprzt
180sec, AN 25+ 65T, 28l HaH L
AHH3POs), FAHHS0.), FHFH0) =38
& AHgE AT

AFFo] B A$(15mm o). 238 A

18 2 o R

7bg B AR7IRY g dns 94 He
o mdAbzlez HAkg 2 Fig 99 A9t
fFAre A &8 AsF A Vde erRe =
717h BAEA & 32 AFLE A A
5 U¥ 27 Mo dsjdetrt Aoz ol
FolA A e 4l Aolrh AIRFol oA
3 A¢ 2¥ Adrle #3E BT ASTH
o] o}F ZA Z-¢, Fig 11 @AM 2o d
222 05Smmol A E Lommel PF B2 HE
pivHeol FFHAT 48 AE@pins Hed A
F2xo %4 JFez AT AQd, A5
Fol U¥ FoT AeE 2 E4NEst S7hs
A gk 2y dAF53EFe] ofF ZRE A5l
= owAgder A dd T 2skazh A7
A Fig. 11 @t Zo] Fdol 5 dHole A
ol vebwkth weba 2@~ 4 STS316LE:
daldnt & Ae A A5 o] &40

ek

(a) Pitting mark  (b) Electro discharge mark
Fig. 11 Surface defects

(5) AGH7HE FAAA7 A G2 P}

#600, #1800, #30009] AviYAE H &3t
P A@EH7HE A AZVNE Eeistd A3
¢ A3 Fig 129 2k AHEERAL 9.0Akm’Y
AsUe 200secd 7HEAZ, 1mmo] A,
65T sl 228 A&, dsfRge ¢l
AHHPO2), FAHHS0s), T FHTH0) ZH &
< Agsq

150 T T
L

| | workpiece STS316L
i Curent density 8.0A/cm’

[N}
o

€
2
, #5600 abrasive
g -~ : _j
x Electrode gap  1mm .
g 100 - | Time 200sec R
@ Temperature  65°C T
£ { Electrolyte: ~~m
2 0751 | H,50,#H,p0.+H,0
e : — #1800 abrasive
8 osof e T -
g ~———i’;>\~-r?"\—r\\
& (#3000 abrasive T
025 — A
Before EP After EP

Fig. 12 Relationship between surface roughness of
before and after electropolishing
#6009] AvEAAE AR FETEHA VL

—-190—



1.4mRmax®} AGN7HEAE Asdrisd 3ol
= oddl & 9 AACI7E 0.79mRmaxE FH o],
#18002 43 0.59mRmax?] A(GHH7TEH Boh
T ZlEEHAEZE daeA %4t 28y #1800,
#30009] HolYAE AlREe] AGHHES FI
g+ 0.59/mRmax, 0.53/mRmax®] ¥T ¢ EH A2
g 714 AHE dddrie Ao dot ¥
w9 AAZ7 242 0.35umRmax. 0.27/mRmax 2]
IRE BHE 4T 5 JdAd & AsdeiA
#AAAY 9 FHAEE dAV lemz Hy
Fsg 7HEESE 47 AsAe AGnrrEdol
i Fad &g sAE.

o g Nl vy

Before polishing

Affter polishing 1 toonm

(a) Surface mughness profiles

Before pollshmg After pollslung
(b) Metallographic micrographs
13 Comparison of before and after electro-
polishing

Fig. 13 A#idv} A, ¥ ¥¥ALY] =
23 (profile)t ZF Aot} Aot Ao A
o] g vl Fols EU] H&srt
AH Feele EWS Mol glowl, drl
= zFo] YentA %I 7|AE E3o|
#@=A oy, dut Fole JATLE EF

huhs P

Fig.

0%
Aol

Bol

Y

o] AR AT ARl YevE aRE
el Fig 14 2H A2 7 STS316L9]
Asldnt A, Fo FFE WA ApRlez B
S UdAY @A 3
A4 F

Ao nevtog s

92 7t WEAS AN

Fig. 14 Comparison of inside surface

6. 4 &
2~ 7 STS316LY] Hajgdu Ao
2 1 A% 43 un e des ¢
A

(1) Robert L. Davis,

2

3)

1C))

&)

—191-

1.

sHQAs 3o ARG ARLEE F
% QA7 HH, BR As|sh HWAR
o2 N ¥ W sakm’ o] olofop He
AFARANE FEF HAS BAY 5
olc]_

ZHAAE 2e Addcte 9 HFAD
of Frtdw W AL} FHE Y
ugom, AFNR 27ldE FEE ¥
A7) $4S Boli, 11 o Fol: B
4719 g4o] Fass A% Yehi

RO N

CAs R 257} 68TCAN -3 HHEY
dg & o AFHFL ImmH =}
Hetstn vy 2dad ERd 9 Epi.
A o] FA

Asldrrty & B AR F4& Hol
U, Hajdvla] g9 A" FAAEE
A7 lem g 035umRmax ©] 85 F 9] it
Awe] AL 48] dax e A7t
Folx e ®A AR 0.59mRmax ©] 85
#& FAsoof gt

te

J

Fuyd

1995, "An Electropolishing
Primer”, Products Finishing, pp.68~71
Tadeusz Hryniewicz, 1990, "Towards a new co-
nception of electropolishing of metals and
alloys", Proceedings of First East-West
Symposium on Materials and Processes, pp.24
3~252
J. P. Caire, E. Chainet, B. Nguyen, P. Valenti,
"Study of a New Stainless Steel
Electropolishing Process”, E.N.S. d'Electrochimie
et dElectrometallurgie, pp.149~156
S. Ganesh Sundara Raman and K. A. Padmana-
bhan, 1995, "Effect of electropolishing on the
room temperature low-cycle fatigue behavior of
AISI 304LN stainless steel”, Int. J. Fatigue,
Vol. 17, No. 3, pp.179~182
Ryszard Rokicki, 1993, "Electropolishing of Hi-
gh Nickel Alloys", J. Metal Finishing, Vol. 91,
No. 6, pp.103~104



