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Abstract

In this paper, using micro-stereolithography technology, I fabricated a liquid analyzer to measure ion

concentration of a solution, Micro-stereolithography is a technology to fabricate 3-dimensional structure
by applying laser beam on liquid photo-polymer. This technology makes it possible to do preassemble
fabrication without any extra assembling step after the process. So, the liquid analyzer could be
fabricated at very low cost with very simple process by micro-stereolithography technology. The liquid
analyzer consists of a chamber for containing the solution, a pump using piezoelectric effect of PZT

disk, a static mixer and a sensor for measuring ion concentration using Pt electrodes.
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Fig. 1. Principle of a micro—stereolithography.

A=staz st 4A F29 CAD HoHE z3
o dieted T A (slice size)e] HES xy HHY
g3 HolHE 7HFd HFE B9 dHelEE 7
zg s, #7333 A £Y(liquid photo
polymer) £ A W& x y&F WIog =
A3t AT, 25 Wdoz FF kS o
3 A3y FZEES ¥ 37 slice size TEIA

A7 AAA B3] =FA Vol. 14, No. 12, December 2001.

995

Fo, A AYH W& ZAElY BIAE
& ¥kEale B35 334d FRES U= Y
t}, °] 7|&& AMEEtE, diEEe] Az
g 238 Ad(closed channel)® 2L 7%

F3 Fo =H€H#A glo] AFe] sMEsith
&, AE FAS A& Ae, 94 94
[8-10]122 €3 'd(open channel)& A|33}
, I Sl A& & 9oM Adg &
st AT vustd, 33 4o A4 € FA
A WA 8% Ao AzZEr E =FIA4
Ag8  AHlE SLA-3502E  FYPEe 3o
325nm¢l He-Cd #HelA & Arg3len, #7435 +
A& SL52208 AHg 3

Wy W P

x

(<)

—_

i
ol Y o ut ©

“
=

o [ of

V)

3. EAEH &% HA

g Rl ARE FARY £49 F2E 2
¥ 20 dEbT A% FEE 84 §9, Ao 2
24 9 #9 $¢ AZAA A% A
(Chamber), §94& ¢#41717] 9% % (pump),
7% g9 EFE A% HAMixe), 44 ¥ 2
NEAYE WOz FAH Ak

Chamber
Pump

AC source

circuit

Sensing part
(Pt electrode)

/ A
Glass Channel
Iy 2. §4EY &£ &
Fig. 2. Structure of the liquid analyzer.

of 2% 0l AEY §9 39 o] FEE &
Aol §oe B4E BASE BHoE Foigin
a7be) Belel 24 A4 9% At & FU%



J. KIEEME Vol. 14, No. 12, December 2001.

T, GZE 7HEAA, Fe e 294& HA E A
de B3ta] £8A7EA, AN E o] f3o £AS
A jhot

LABRMN Az 298 FHHOZ I 4
3l PZTE ©]€% 7144 H Z(mechanical pump)
2 AHgFoH1L,12]. PZTE ol 4% 7144 dH=x¢
08 Wae] Hxo v HY gFe] Ak, AR
715}, & Sl o8 g0 WA 5 A& B
Aol gt} xE Ho] Imm, XNE 14mme UF
Aol 2 WE(glass diaphragm)S 723t
3 9e] PZT ©£AE HAF 33 F2E FHol
Ak =g, B HIZE check valve’l fle
diffuser/nozzle 71'd ¢ non-movable YH & A}-&-8}
AcH12-14). o] WrH e 5 wgo g AdeY AE
& 2ZA A, dudezs FANTE AA Fo=
A, A}Heg B wgoz HPse AFH ¢
ARE 9L 5 Utk o] WEE FZV eI
HEZ 2% Ao g7ol= FEo| gi7] W&o &
2ol 9o % Frg 37t Hoke Rl F
Aolt}, 81A 9, LYo} HE P& WPOE EF &
2 F Atk FAH] AT, & =83 Zo] &
de] e E2E ¢ AFFG. E &
dE BAY4 498 A 59 EF E BHgE 7t
&A17)7] et g TR AH A (static
mixer) & A HTE] AA2E 6719 AdR T4
of gled 2zt aAde AZrje Zeol 2mm, AF
0.5mm ¢ ©]t}.

B 2ZQM Ade £9& ¢FATE FF o9
o, AHd Fol Wg ATE Y3 o] FEE
Z2AsE qas o Ade #AF AT Yy4&
85l 98 g Ad(open channel)d] FEi= A
Z5Ack WF A3 o Smm FAH AP
od, ol ¥x9 & HAUEL, F 4T AF
e Edae £99 A7 AYgS FAHY oL
558 AEde Yo R Holrh

4. "= 338
fARA 2219 Az FHE IY 34 e
o} A EAE micro-stereolithography 71&€%
o} g3te] AP 22 EdY& W4 CAD tool
& A2 g1, A2e RP(rapid prototyping) 8¢l
SLA-350& Ab&#Hch B Ax Azt SL5220

273 4 (photo-polymer)E AH&3th

a8 40] AR A= diffuser/nozzle?] GH Al
A4 Yedth AARda &Etejx e A
F glen, o FAE 100meolth. 2 59 =A
Bol AlAE vEidt 2% 5elM, £9 EFES
A% 6709 AdS FAE & Ak

A E P (diaphragm)2 0.16mme] FEB/E o FA
(epoxy)& o] &3l Az BEA sttt ol
¥E 244 93ATE P43 Astd, A5

‘ PZT disk

H
i
H
H

-

Glass plate
A
Pt electrode

Liquid analyzer base plate
(micro-stereolithography)

gy 3. £4EY 22 A" FA.
Fig. 3. Fabrication process of the liquid

analyzer.

a3 4. Diffuser/nozzle AHZ.
Fig. 4. Photograph of diffuser/nozzle.



a8 5. 9A AL
Fig.

5. Photograph of the mixer.

Stainless steel

DC voltage

Needle
Electrode(Pt)

Glass

]

/
35wt% NaOH

ad 6. Av|ste HAsLE FAL
Fig. 6. Apparatus of the electro-chemical
discharge drilling.

Mg ol4%od, ¥ Eel 04mme|
I REH15,16]. W78 PAAE Al
A7 AFE Ao, oF Bwt%e NaOH
of Qx feel FAE wEE BEA
3} NaOH %% 9 Abole] DC 40V HE
e AsE W, vk BN WASHE BA
g% 2¢ o FYE YPRE FEE
goislch. 19 6 BANAF FAY FREE
S,

o
o
o

>

x4 %
i3
i 4

2

2 o Ay o

ANAAABE N EEA Vol. 14, No. 12, December 2001.

997

Pt electrode
(for sensing)

PZT disk '

. Glass

Electrode
SUmp

Chamber 10mm

S

3y 7. AFEY $£9EY A AL
Fig. 7. Photograph of the fabricated liquid
analyzer.

WAZFEH s AAE FH & 03mm¢ 9
g Ag FYste, =AA o FA(conductive
epoxy)2 AP A" HF Ade 4L
ok 5mmolt}, stA g o g 57 0.2mm, A€ 10mm
¢8 PZT T23E EAA AZFANE o&3l9 &
g o Yol HFP Azd gdEY 2AE 2
g 74 et

5. 4% % %
Aze 48N 239 S4¢ B A%

o, 228 FAHL YEe HX, 94 " AF A
2 59 A%¢ FAAT BA $9E €8N
S8 gzeo E4E FHEY) 939, & A
Apgstn P 2e Ayl € F=4 J3ZE A
Aol a9 88, WZe WY WY Fuis
140HzE 2333, Vp-pE 50VelA 200V7Hx] &
HA7Es Hze dT B EFFY FFA
(pressure head difference)& &4 &3olr},
Vp-p7} S0Vl A& 8mm, 200V E 80mme]
23E Jedd. 1¥ 9% PZTY 7% FhE 9
AW FRAE FAT 2HE, 80Hz SA9)
A 15 ¥3, 140Hz SAA 23 HAag ekl
th. Hd $£FAE 140Hz 2HIAH udede &
+ ATh

B2 azlde £9¢ ARFgoz EFsr] Astd



J. KIEEME Vol. 14, No. 12, December 2001.

47 UAE Agsn doh 2ot BH U4 ®

olyet PZTE o|8% FEZ% ¥4 IA (dynamic
mixer)% S HEE
2 &9 o] o]Fog o]Fojrh

N W £ [4,] (=] ~ @ [¢s]
T T T T T T

e
T

Pressure Head Difference{cm)

I

0 50 100 150 200
Supply Voltage(Vp—p)

o

250

a8 8. ¥x £¥3 &4 d3

Fig. 8. Measured pressure head difference.

o o
[«)] @ -
—

(Normalized)
o
F

Pressure head difference

o

o
n
==

100 20 30
Frequency (Hz)

(=]

a3 9. 9= Fus 54,
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Fig. 10. Characteristics of the mixing operation.
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