A Study on Fabrication and Application of Micro Tool
by using High Speed Chemical Etching

Jun-min Park*, Sung-heon Kim*, S.C. Jeong*, Hae-do Jeong**, J.W. Park*, Y.H. Moon**
* School ofMechanical Bgineering, Pusan National University, Pusan, Korea
** Graduate School of Precision Mechanical Engineering, Pusan National University, Pusan, Korea
Tel : +482-51-510-3210 Fax : +82-51-518-8442
E-mail : park918@hotmail.comhdjeong@hyowon.pusan.ac.kr

1. Introduction

The method of micro tool fabrication has been igidh the fields of micro-machining, electronics, optics
and medical instruments. Y. Yamagatdl. Waidg, and T. Masuzawafabricated micro shaft using turning,
grinding and WEDG (Wire Electro-Discharge Grinding) method, respectively. But grinding and turning method
leaves mechanical damage layer to the tool and WEDM method requires complicated system.

In this study, the tool was fabricated by fluid-energy-enhanced chemical etchihgdmet preent th
material from mechanical damage and shape accuracy degradation. The experimental setup was composed of
high speed motor, chemical solution and several mm rod. A part of the rod was dipped in chemical solution and
the rod rotated with high speed (1000-10000rpm). The main factors of diameter control are chemical
concentration, reaction time, rpm and temperature. The surface of chemical solution around the rotating rod is
pulled up by balance of surface tension and centrifugal force. This phenomenon makes a difficulty in getting
clear shape of micro shaft. As a result, the lower part of the material to be the micro tool was fabricated in
diameter of tens of um with high speed rotation. And then, the micro shaft was finished by electropolishing
method. The electrolyte wamixed b HPO,(phosphoric acid), }$0O,(sulfuric acid), HO(water) 50%, 20%,
30%, respectively

This type of micro shaft can be used in manufacturing one dimensional structures such as hole and lines in
size of tens of um. Thus the fabricated micro tool was applied to make a line with\8i@dth. In this research,
this process has the advantages of low cost and superior machine-ability for micro tools. The fluid-energy-
enhanced etching method was successfully applied to make micro tool and the integration of then&igetic
of circumference and the effect of etching, takes less time to fabricate the micro shaft than any other
conventional methods.

2. Mechanism of corrosion erosion

Erosion corrosion phenomenon is corrosive property by the velocity difference between cguistierid
interface of the metallic material. The shear force is increasing in surface of material by increasing of the caustic
fluid velocity. When the shear force approaches the breakaway velociy, the chemical reacted layer of the
material is removed the leakage part by cavitation phenomenon. The cavitagimomphon is caused b
metamorphosis of pressure difference between chemical fluid and surface of the metallic materiatstThe b
pores break the immovable oxidation layer of the metallic material. The pressure difference is ruledb
Bernoulli’s law. And then, the lower part of the removed layer is appeared in the chemical solution. Thi
phenomenon is continuously occurred interface of the material and chemical solution as shown Fig.1. Th
material to be micro tool was rotated with high speed (1,000~10,000rpm) to add the surface active energy. The
experimental set-up is shown Fig.2. The micro shaft was fabricated several micrometers in the diameter by the
high speed rotation, the cavitation and chemical attack.
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Fig. 1 mechanism of corrosion erosion Fig. 2 schematic of micro tool fabrication



3. Fabrication of micro shaf

The micro shaft can be fabricated several micrometer in the diameter only using machining the chemical
reactions of atoms level, and the shape of micro shaft is cleared as well. The process is removed not anisotropic
machining but isotropic machining. Most of all, the system is not only simplified but also very low cost.

In this study, the chemical solution is mixed water(90wt%) with FEOWt%) to make the micro shaft. Th
material to be micro shaft is steel, and stainless steel. Discharging on the anode and the catinaadis(dieed)
is dissolved in the state of ionization, and the catlygsteerates the hydrogen gas. The ionized steel generates a
ferrous hydroxide as a bonding state yditoxyl ions. The ferric hydrage is also resulted from reacting the
ferrous hydroxide, water, and oxygen gas. The reaction between steel and the chemical solution is
representatively shown (1) ~ (3). The SEM(Scanning Electron Microscope) of shafts is respectively shown as
Fig. 3,4, and the experimental conditians shown as table 1.

2Fe(s) + Q(g) + 2H,0(l) > 2Fe(OH)(s) (1)
6Fe(OH)(s) + Q(g) 2 2Fe;0,° H,O(s) + 4H0(l) 2)
Fe;04° H,0(s) 2 H:0(l) + Fe;0,(s) 3

Table 1 experimental conditions of fabrication otroi shaft

Raw material Steel, stainless steel
Rpm 1,000 ~ 10,000
Chemical solution Water(90wt%) + FeClOwt%)
Temperature Room temperature

Machining time 10 min

4. Electropolishing
Electropolishing is decided by electrochemical dissolution between the anode andhdbe @dtabmic
weight of materials, current, and machining time. Théa@ is not change the shape but only expose the
hydrogen gas. In the electropolishing process, the removal volume of the material is defined by Farada 's law.
_AIt
m= 7F -
where A : atomic weight, | : current, t : machining time, z : valence, F : Farada ’'s cE@8580(C)

Thus, the removal rate per machining time is defined below equation.
. _Alt
m = 7F -
Especially, A/z(electrochemical equivalent) is a important factor in electropolishing process. The current
efficiency is defined ;

Current efficiency :(%F)I :

The current efficiency is affected by passivation, gas generation, etching, electrode gap distance, and electrolyte.
The electropolishing is a super passivation process. Thus, the oxidation chromium layer appears on the material,
and the current efficiency is resulting in decreasing, and the surface roughness is not made progress any more.



The relation of electrolyte and stainless steel is shown chemical reaction equation (4) ~ (6).

Cr(s) + Q(9) + 2H,0(l) 2 Cr(OH) (aq) + 2H,(9) (4)
Cr(s) + HPO,(aq) = Cr(PO,) + Hx(g) + H'(aq) (5)
Cr(s) + 3HSOy(aq) 2 Cry(SQ,)ze + 3H(g) 2 Cr,04(s) (6)

The electropolishing mechanism and the experimental set-up are shown as Fig. 5,6, respedively. The electrolyte
used is mixed HPO,(phosphoric acid), $$O,(sulfuric acid), HO(water) 50%, 20%, 30%, respectively. The
anode is the micro shaft, and the copper plate is used as HoelecalThe condition of electropolishing is
followed as table 2. According to the table 3, the electrochemical equivalent is calculated as the value of 27.52
(table 4). In the electropolishing process of the stainless steel, the experimental and theoretical removal rate
values are compared in the table 5. As the results, the removal rate is to be estimated. Freuitsthef re
relation the electrode gap and the surface roughness the electropolishing, the gap is related to the current
efficiency. The surface roughness of the stainless steel is fine neither low currente&Bsiycm?, nor high

current density€1.5 A/ cm?). The good electrode gap is 1mm as shown Fig. 7. From these results, the micr
shaft was made a good shape and corrosion resistance (Fig.8).
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Fig. 6 schematic of electropolishing

Table 2 conditions of electropolishing (steel, stainless steel)

Power output DC
Current 200 mA
Voltage 30V

Pulse time { on, off) 5us

Polishing time 2 minute

Electrolyte HPQ, : 50wt%+ HSO, : 20wt%+ HO : 30wt%
Electrode gap 1 mm
Tool material SUS 316L, steel (SKD 11)

Table 3 chemical properties and composition of stainless steel

Metal Atomic weight Valence Weight %
Chromium 51.99 2 17.80
Iron 55.85 2 66.24
Manganese 54.94 2 0.80
Molybdenum 95.94 3 2.28
Nickel 58.71 2 12.19
Silicon 28.09 4 0.62
Table 4 A value of electrochemical equivalent for stainless steel
Element Fe Si Mn Ni Cr Mo
Chemical equivalent(A/z) 27.93 7.02 27.47 29.36 26.Q 31.98
Quotient X/(A/z) 2.37 0.09 0.03 0.42 0.68 0.07
(A/Z) stainless steel 27.24

Table 5 Experimental, theoretical removal rates and current efficiencies for stainless steel



Current density Machining rated min*cm?)
(A/ cm?) Theoretical Observed Current efficiency(%b)

0.5 0.00847 0.00831 98.1

0.7 0.01186 0.01161 97.9

1 0.01694 0.01649 97.3
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Fig. 7 relation electrode gap and surface Fig. 8 SEM of micro shaft(after electropolishing)
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6. Conclusions

In this study, A new method of micro shaft fabrication was introduced as high speed chemical etching and
electropolishing. This method is dependent on the chemical solution, material, and machining time. The
electropolishing made the micro shaft that has a very clear shape, and corrosion resistance. Thus, the micro shaft
is to be a good micro tool. The micro shaft of the Fig. 9 has the radiusoh2Bhe line in the Fig. 10 is
applied by the machining of the stainless steel micro tool.
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Fig. 9 SEM of micro shaft (radius =p&n) Fig. 10 optic microscope photograph of

line machining(x500)
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