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Micro Electrochemical Machining of Stainless Steel Using Citric Acid

Shi Hyoung Ryu”

ABSTRACT

Micro electrochemical machining (ECM) is conducted on stainless steel 304 using non-toxic electrolyte of citric acid.
Electrochemical dissolution region is minimized by applying a few hundred second duration pulses between the tungsten
SPM tip and the work material. ECM characteristics according to citric acid concentration, feeding velocity and electric
conditions such as pulse amplitude, pulse frequency, and offset voltage are investigated through a series of experiments.
Micro holes of 60um in diameter with the depth of 50um and 90um in diameter with the depth of 100um are perforated.
Square and circular micro cavities are also manufactured by electrochemical milling. This research can contribute to the
development of safe and environmentally friendly micro ECM process.

Key Words : Electrochemical machining (3 8] 7}, Citric acid (F<14}), Stainless steel (28 #ll2=29), Micro
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Fig. 1 Micro electrochemical machining system
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Table 1 Experimental apparatus and materials

HP 8116A, 50MHz

PI NanoCube p-611.3s

PI E-501.00

SNU precision MVS-300
Tektronix TDS 2002,

Pulse generator

Nano positioning system
& controller

Vision system

Oscilloscope

1GHz, 2Ch.

Ve N b 3
Tool electrode eeco  Nanoprobe, TT:

ECM
Electrolyte Citric acid solution
Workpiece Stainless steel 304,

15x15%0.05, 0.1

TAA AR Hart At W Y2
At 4 ()3 2] Fe o ahutgol o8 AHE7}
£290168S304 9 AR Cr, Ni B3 FHAN B
5 A (citrate complex)E A3t} FalETh g



AR @FYYTEEA A2sd A3 E

e 4 % Zol B9 ArEsd o8 it
dAst He) S0 dFE vXH, EFeAMe

F27h A4E

Fe+ HCit?™ = Fe(HCit)" s
Fe(HCit)* ass = Fe(Cit)ass + H + ¢~
Fe(Cit)* s = Fe(Cit) + e~

Fe(Cit)” + H* = Fe* + HCit* 1)
OH™ = (OH),, +¢&

(OH),,, +OH™ =(0),, +H,0+e"

2(0),, =0, @)

Hal7bgol 44 vAE AA4E Ao F
F9 ¥, A7t ALY As\e B2 Fs Ba
A&AZ, &4 AY Solth BA Hede ¥E
ol e Ad 54 A¥e SRS TAN 4
g9 FE7} 02M olatolAE M) Algto] ol
A3 2e ggo] WARAT 03M ol BN E %
o] 42 Hal EAol IA BN RowWA 9
g% 71Fo] AYHUT) B AFNE FAS A

Yo FEL 03M L HASD oF AWE VY

AT

3.2 QU7F Metof wtE M3 EM
& A7 AYe A7 E 5.0~100V, B2 &

A ZHE 100~500nsec oA WA 7IHA A3
AEE #3513t 6.0V oAM= DrE3 o
Aol EFEn AGrt dolyz gAY B9

of Aal Exo] d& AHEA Asist AgHz
3T} 6.5V olslol M= 30um X o]% ol
MEE FRETY e do] wAsigoen,
Hol #FEnn satxs shFE Ao £ @
gtk A7 At A7)AF 7.0~8.0V HYoA JHF
d 7y d4el 7 sk A A
A717t B % 748t FFoAM FEF A v)E
7 EAst AT FHE o ol: ARY B
e U Al Fds daA 4L wafs.
d A= A VX AL 3 EY F4

o,

EE
& A2A7IE 48L st BH AsiAe) URE
ZUN7 $88 34 oleg AAsn Mze A
A3 A3 BFAE GYE @

33 SA Mol wE Ma| EA

136

A AE FF AFel HEle DC AL R
¢ #E& JHAE /71 Aol g7 P
7t FEHAAY AAE FHo]2e] FHHA FF
of F&FTh £ B Holgige] A=Y R
Aoy T FRoA FHdte dAY A =
A& FAske Re PP ol /71 A

A9 FANS AHBOE AHEE] R Lol
de @yl B vad FHE $AH
dstel 379 AAE $02 AARGL &4

Agel wzo] ME Y ARNA 7B AR
4 Age F7E -15~20v WAE AzE}

34 HA Folpeel HA X[(& AlZte] A3
B2 A% A7) 200nsec o)FtolAE A& F
fo] o]FojA|A it} olE FT A X
AAo o QIYr2e] Jgoz & A5 AL
o] Fsdl HrlolFFAAMY AL A7A Asd
g dos|]d FEsA ity WEdd Aoz #
gt 33 AFo HAHo] zFopx AAE ¥
Ho] EEW o HF P2 &AM T A
o] o]FF oz Azt F Aol 10um
ojate] A ZRBE ALY H$ SOnsec o3}
H2o|x M Zgo] o]Fx olyd 7 $o
Tt A3 24 FAY A" dx 71x 9%
Axel TEY 4L Aot 3 AHEo A
t}h 200~280nsec Mol A= 7HF Zolrt @ Hol
wel dgo] 25 BA st 7hFo] 4EEA go
o 7ol JtEdEnt steletE Fol A It
300~350nsec 9] MY @ glo] 43
e Frol ZhFEAT. A £ A17k0] 400nsec
ool =T JErt B sMEHE 7Y
o] Aol F£3] Axe Ao wdAsAT. d
29 Fo4E IMHz & AMSdglod, 34 3
717k AXE & X Alzbo] FHolr DC AYS
A& wie} FASHAl 7MEsEle 799 377}
AZAA "ol IMHz 0]} Fulo e 7HEHE
Yol & Wt giloy, 7bg Algte] 4ol

T 2HE 72 Ao

=2

35 0|& &0 WE 718 &4

As7tES BHsbFe v ELEE ZHo)
A BEEch A9 23 pAe ol&% A}
TAME FAiboly it AsjAol e AL 7}
FEEE YERATE? 300nsec o HA X4 A7)

Al



FAY @I LTYYA A2sE A3 E

A olH& T}l 02um/sec 4 WE HEY Tkl
Teto] MAste o o] shFol A gt
ol F& ol9 §£23 W& £xd wd FT
A=Y olE&ETF Ffsty] Yol wto] @
AT A% 5~10pm & FEF TFo] FHaryE
AE ¢ 4 oM "o 7Y U Aolo] R
& = AT G| LAE A
BowAM A3 JMFo] WYHE ogE:EE
S0um FAQ AJH] A9 0.15um/sec, 100um F
AL AlHY A4 0.lum/sec o]dtolth olAte] A
Y 23} vFoR SS 304 9 vl4 FY F)
A Ads) 248 H2lstE Table2 9 2}

Table 2 Recommended machining condition for micro-
hole drilling on SS 304 using citric acid solution

Pulse amplitude 7.0~80V
Pulse frequency <1 MHz
Pulse duration 300 ~ 350 nsec
Tool electrode  base

. -1.5~-20V
potential

< 0.15pum/sec for t S0pum

Feeding velocity < 0.1pm/sec for t 100um

Concentration of citric

>0.3M
acid B
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(a) Entry(¢ m)
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(b) Exit (¢ 43pm)
Fig. 2 Micro-hole on 50 pm thickness 304 SS. 300nsec
pulse duration, IMHz, 7.5V pulse amplitude, -
1.5V offset and 0.15um/sec feeding velocity
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(2) Entry (¢ 67pm)
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(b) Exit (¢ 48pm)
Fig. 3 Micro-hole on 50 um thickness 304 SS. 300nsec
pulse duration, 1MHz, 8V pulse amplitude, -2V
offset and 0.15um/sec feeding velocity
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(a) Entry (¢ 94pm)

{(b) Exit (¢ 31pum)
Fig. 4 Micro-hole on 100 um thickness 304 SS. 300nsec
pulse duration, IMHz, 7V pulse amplitude, -1.5V
offset and 0.1pum/sec feeding velocity
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(b) Exit (¢ 55um)
Fig. 5 Micro-hole on 100 um thickness 304 SS. 300nsec
pulse duration, 1MHz, 8V pulse amplitude, -2V
offset and 0.1pm/sec feeding velocity
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Fig. 6 Tool electrode shape after machining

Caunts
b Fig. 8 Micro square cavity with central island on 304 SS.
200000+ 250nsec pulse duration, 1MHz, 7V pulse
200000.0- ‘ amplitude, -1.5V offset and 0.5um/sec feeding
velocity
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Fig. 7 EDS spectra of tool electrode surface after
machining
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