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Abstract

A quartz crystal analyzer is utilized to monitor the corrosion process of an aluminum
surface of a quartz crystal for marine sensor by sea water. A quartz crystal having 2000
A of aluminum layer is installed in a specially designed cell and is in contact with sea
water imitated electrolyte solution. While a constant potential is applied to the cell, the
resonant frequency and resonant resistance are simultaneously measured using the
quartz crystal analyzer. In addition, surface topographs are taken with an atomic force
microscope(AFM) and the element analysis of the surface is conducted using an energy
dispersive X-ray spectrometer(EDX).

The simultaneous measurement of resonant frequency and resonant resistance during
the corrosion process explains the change of surface structure caused by the corrosion.
The variation of resonant frequency addresses the amount surface metal dissolution. As:
a conclusion, it is found that a simple measurement using the quartz crystal analyzer
can replace the complex monitoring employing large equipments in the investigation of a’
corrosion process of sensor surface.

1. M B e A4e) RAgEARA A1
& ¥4e) @F EAbA A4 AL el
Fegde] NErt F71e] et gekeds) o shpolct? |
%Al &4e] BasA Hx $ANEA AXE $ANEAE A AR g AL s
2

@ 275 VHAY S gl 24¢ 27 9ok AAE 3ked -4He] gowd, see] AR

Q75 PHAHARAY FoldeE A%y FYVVVAQTAG AU A ALk
obeieta sherpers)
o 3|4, Foldgn 3ahgety w



2 A A2

ol 8831714l obF Asiel = FAo] AXER
< st A5E AA DA wste} Axe
ARPESLE 7P 0] dl el Az T2 W
o} Awpast o Ao Agsie? |
COD AN 2 AHgdee RS} Tae] o=
PlEAS GRHlEe] Z3Y
s G2wlge] 3Ald) dia Be A7 So] &
°olF ATelA FAREX

B=)gic). = Fe qigae
2 FAAYE FAFASE 2AFo2H +494

A BRI FAIAS A7) S8 Ao

2 AFNE SRR HukE GReln E
HE& ApEF
A2 A G F e ve Asle
Exte 718l A2 o2 T F2E ghEg) o)

il

o FAFIF} FAALE et AL
sty = EDXE AHRE ZRiE< ¥4 A
s} AFMO g Q-2 Ao Alxlal wlasie] B

Ak o171 AaRsle 34 sl 3
olrhd g31517) A2k e} Aol

2. & ¥
21 BRFDE
SYREA ) ERlo) 2 Fe) go) ¥4d
o 2FA) Fohre ofd W) el wae 2

e ool Ao AyAez s, Aupsiel
FaEste) Rgtes e Ik $£AE X5 o
st} 35" zZhmell oAl b Qeix: AT
22 5ozl 9 MHz AT-cut R EAE 78

S Atk 2% 137 ng/tiz®] WRAES SRz
= A dE 140ng/Hz8) UEE 7R A7

B2 RZEE SE ohE Aoz iE Askgd,
=g/ a W

714 Q& Coulomb ©2]2] A7)2ke] 5 Fi= 5

ETE - 2A 9gF

£} YFehn SFOwS A

.;g- /\c}-

&

RN
=,

o] A, M Ex15k Z& o]y} a8y af=

F3)4 Wshepolc)

SHAEA Aol FAR GFulFo] 246 o)
el SRl 9l FoaE SA%e s BT 4
Ak ek, 22 2] mAlEAS kA A

g Aok Folaee a9

3%o] ALzt A
A AR Wkl o) dke W

o},

22 B

FANFA | ExF Balel Aguse 2R
hg B owl olu]e} ZAA]F e o 53 = ‘;I(“Ui A=}

FAAG Apole] DAL Te o] vhehd 4 9]

E]-_S)
vV o7=0.0035R )
4714 e g/om3 299 YEe)7, 4 P @

s} Axolol Re FAA o]}, ERAALI} 5
AATAY vl ATE W5he Tds Yok o)
Ago) AAG) JE v aeee Tl
Ao} stz e TR WHE 24T 4
sk S

H}EH

X RSN e

23 4

42

9 MHz AT-cut %152 = Fig. 14 2
ZAXE 2000 A2 &Fn) *35‘34' 200 AS] Wig zels
200 AS] ZEE] 3709 3L CVDE FHAHT &
J9kR Aol Ax=in} i%%% A ghel]
F2e] fol3ly] wEolx 5 HeE

sto] ATk AT HAL 5 mm°']‘:]' "a}—a%

"l 2 €% 99.99%9 3814 dTnlEFe A}
3] 05 Pa & o2& 7)Fa}elA 7743}934.
X-ray spectrometer (EDX)ell 2]t #4750 2]
3 S GReEe] £EE vl ol F4=
el AL A8 ik

A2 % e A Lo HE3m v

.’3.0

dj‘z

—324—



FHAE 57

Z]—‘E ozt QEER) o AejollA AM-ERc
2 sfprtt EEr)t FAY FAEAe] FAb
‘E} 01 M {3htEF F4do) gAX L FAYH
Z)(Solartoron, model 1286)% AH8-3le] dAT A9
= 7letgch AL 5 T ARolA skl 492
APA d7ld =25k AYE 7B 5 F
AFshest FAAGE A5ASE 2R &
AL AFE Q8% FAAFAEA7(Seiko EG
&G Co. Ltd, model QCA97)" = stgict. AR
o} Agupye £3%) 2= upe} ek
GZnE EFHe FAL energy dispersive
X-ray spectrometer(JEOL Ltd., model JED-2100)
& AHgstgn, 4FmlE T gz AFM
(Seiko Instruments Inc., model SPI 3700)2=2 &}
Ak

| quanz Crystal L -

Fig. 1 Tlustration of cell and mount

= 79 AR e BETEE 1Y) A8 o
o] AmE T 714 AYE stale] dEElE A
AE BRI T E FEEe A 55
8] %101"}‘1—‘:‘ A9} aBA) oL AL FrRR|0]
ok mRie] Afe] A HEE doT)w oA
AFALe 36l Fge Frh ARAY HIe
AR EARe] FAA e 2 FAE S glch dFEF
2} sSFAY(FAAY)7E oF -60mVT)elez Ad
A} o} A B} shiE EL -300mVE o &
= oo 2 -1000mVE Fheigch HEAS

ol

3 FA sfgrel A7 54 3

Ag/AgClell tiste] —1000mVe] YAT A9 25
mlgl Zbe F A ws), TR} FAA
ko] Wil Fig. 2¢) ehigch 52 23S As)
A gdax) 29 FelE vehie IR0F 29
Ak wske ehd Ao Az 22E okFa)Re
1/2¢] F 5,000 ngo] AZelA Held ZAe & 5
olr}, HAR 13 FrhA WU 4 & 280%
o Hig A WA DA} g DAE Yepdeh A
& BAA GFeFe S SEHT AW
ZalelA AlsHET) v S G20E St A
olg}a glekE 4l i RS AAA A
AL BAFF o7 HEGD g IFeF
22 o] gAA Hel=ch F A AN B
o] atstel) o)s) ko] AR FFAFe] 44
7k gle] M ey Sautgo] ol AR

CURRENT (mA)

RESONANT RESISTANCE () RESONT. FREQUECY (kHz)

TEME (sec)

Flg 2 Changes n alurmnum electrode when
applying —1000mV vs. Ag/AgCl

—325-—



7 WA B oA EAlFuEe] S5t g

£ QFn)Fe) Fe)rh oke A& ehich
Fig 2410 3054 o] a0e] i)

3} 3§

rﬂ, oty B r.?L'

M

i

.

At

$e
IS FH

Fepishs Edyelst SHYEE
EdE VEAE AT A, Fig. 29 2 2
EEEREE e
o)z Qlste] $AAFA
& FAA I ZTAFa}
2] W3} A HAEE $Folwe s
Sjal ok AATe] 29 A% 2 E3E 7}

7—]@7‘“ E’l"g_J_
Az},

ELCIE

4 HFA-RAR-FAE
2 AF7E gl A WA DA A Gy AR Ede A=A o2 4 349(Fg. 3)9
o] Azpo] 7hA4T= wbde Fig. 20 749 F W FAbst A= 4 (Fig. 49 w&-&— vlagke 2

A AAR} -2 Rl 3 PARS RO
] 9jFo]] SEMol| o8 Tz re] v

= 4 e AR G AL Brlssith dFEEe] 2
A &% W&o Nisacioglu®] d7V¢} e 3424

& qAlst=

\_

Fig. 3
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Fig. 6 Topograph of aluminum electrode after
the voltammetry of —-300mV for 10 min.
(Scan area is 1X1 pzm?)

Fig. 7 Topograph of aluminum electrode after
the voltammetry of -300mV for 1 hr.
(Scan area is 1X1 xm?2)
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Fig. 8 An energy dispersive spectrum of
aluminum electrode after the voltammetry
of -300mV for lhr
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Fig. 9 An energy dispersive specttum of
aluminum electrode after the voltammetry
of -1000mV for lhr
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