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Determination of Electrode Potential in Micro Electrochemical
Machining of Passive Metals

Byung Jin Park, Ho Sung Nam*, Bo Hyun Kim** and Chong Nam Chu***

ABSTRACT

In micro electrochemical machining (ECM), electrodes should be prevented from unfavorable oxide and passive
layer formation on the machined surface or overall corrosion of the entire surface. Generally, metal electrodes corrode,
passivate or dissolve in the electrochemical cell according to the electrode potential. Therefore, each electrode must
maintain its stable potential. In this paper, the stable electrode potentials of tool and workpiece were determined using
the potentiodynamic polarization test and verified experimentally considering machining stability and surface quality.
Stable workpiece electrode potentials of two different passive materials of 304 stainless steel and nickel were determined
in the 0.1 M sulfuric acid. Experimental results show good machined surface and fast machining rate using the

determined electrode potentials.
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Fig. 2 Oxide formation during electrochemical machining
on stainless steel
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Fig. 3 Schematic diagram of electrochemical machining
system
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Fig. 4 Polarization curve of WC (RE: Pt, CE: Pt,
electrolyte: 0.1 M H,SO,, scan rate: 10 mV/s)
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Fig. 5 Polarization curve of STS 304 (RE: Pt, CE: Pt,
electrolyte: 0.1 M H,SO,, scan rate: 10 mV/s)
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Fig. 6 Comparison of surface according to workpiece
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0.1,0 Vp, (c) 0.1, 0.2 Vp, (d) 0.3, 0.4 Vp,
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Fig. 7 Surface shape during drilling a hole (@0 = 0.2 Vp,,
pulse: 6 V, 50 ns/ 1 ps, electrolyte: 0.1 M H,SO,)

(b)
Fig. 8 EDX analysis of machined surface: (a) normal
surface, (b) oxide layer
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Fig. 9 Polarization curve of Ni (0.1 M H,SO,) and

material removal rate according to workpiece

potential
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Fig. 10 Comparison of nicke] surface according to
workpiece electrode potential, ®oq: (a) -
0.70 Vp,, (b) -0.65 Vg, (c) 0.10 Vp, (d) 0.60
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R}, 2W TN B niol Zo] AW A
Aol wet AN AAE zolzt BAstAY. up
E}/\‘] A2 AYd] wak X%sﬂ Lles 7271 23
< AFRY & Yok, 71T £x®wu olUg 7428
EW 2 MR & AH9 Agdx Wiz g9s
i 2 4Y FHE Fig 10 # 2o ALEE P
E A7 35 um WC HFolx, Ay F& Qo)
300 ym, 2ol 8 um otk WATL @48 4o of
Aol A& 2% Abshwe w4y L @ glo| T
o] YA ol Fo ATh(Fig. 10(). 2} B43}
dGol 7H7HE -0.65 VpolAE 7HEAIbe] Yol



R FTAHLYIEER) A 23 P A43

A9 e W FHAME vlAstA {37 dojut
EHo] HE@pin7t Ak 53 Jgo] Alzy
= 0.10 Ve A E Fig. 10(0)s} 2ol Z710) wrgo)
o|FR7]E sHgloy JtFol AAWEFE  Zo
weko] shEo] oFgen sty T FF A5H
9 d&g #EE &£ o FF AF FqEHA
U, 79 wygoez e gdel BgsA vex
gkt =g AlH Aol HEZ B EW
ol Ywzle A& E £ At} & Fig. 10(d)ol A
o} Zro] AJHe At FHEFs G AtE
RE3 994 J& AF 0.10 Vy oA ET} 7LF4
ozt WAl Pgou GAE JFd v
e Atstete] GEgo dEol YEhuA
E 59 A7 ofAs] wAT
271 38 HgolAE AFY HAYd wet o

%
L
Ry

2 Yo we Pz AeH) g oy
g 49 walE AL UA AHe) @)

31 B

T3 29 d& AF UAY AFEENIO)] A
Edo A g3 wES Az HR253
deME 848 d974s 29 YA dEE
o B3 AMAF}A 17t AFFENIL0; or NizO»)S
st FAlol &3 wrgo] dojus dE &
A 49qo] vla] 7ME 571 o weR A g
o el Yol gA gdolMe] AW A
e €9 32 AYe Az d99 HA A
ol AAQY Ouoy=-0.70 Vp 2 A A3 T}

©
—

4.4 MHE TloAe oM HA IIB
UM AXNE HHoE MR HAHE o839
oA FZE9 Aol sEstdTh. Fig 11 & 24
Az vA F& 713 agolt) Algd F
T AL 40 ymol™ Zo] 10 um, 250 uym Zo]
o] Folth Al 7}F 39 oA FEJ} ¢glu
2 &8 Whgol %At Fig tih)ye 7t
gig AlR oz Aksltdto] gl AR
& & YU Fig. 12 & ojE HF
2% o] 30 pm ¢ PIAH RE2EHA
molH, #e] EAE 2 ~ 5 um olt}
& WYoE Zol 400 ym, Zo] 10
7} &8t thFig. 13). AHEE FF
2 52 pm ot} JbF Foll Atalube] g
wero] glo] <A AHQ 7170l shEsta e, 7t

3 99 99 AW FHolE Wl Aok

4

151

(2 ®
Fig. 11 Micro groove on stainless steel (Do = 0.4 Vp,
Dot = -0.05 Vp,, pulse: 6 V, 50 ns / 1 ps,
electrolyte: 0.1 M H,S0,): (a) whole shape, (b)
detail image of (a)

Fig. 12 Micro channel separated by micro walls on
stainless steel (O, = 0.4 Vp, Byo; = -0.05 Vp,,
tool: ¢31 pum, pulse: 6.5V, 60 ns/ 1 ps)

(b)

(a)
Fig. 13 Micro groove on nickel (@, = -0.70 Vi, @01 =
-0.05 Vp,, pulse: 6 V, 50 ns/ 1 ps, electrolyte: 0.1
M H,S0,): (a) whole shape, (b) detail image of
(@)
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