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Abstract — The water absorption in protective coatings, which may greatly influence the durability of these coatings,
was studied using quartz crystal microbalance and electrochemical impedance technique. The water absorption in
protective coatings and the change of coating capacitance with concentration of electrolyte were measured. The
water absorption in coatings seems to be driven by osmotic pressure, and larger amount of water was absorbed in
thinner coatings at initial stage of absorption. The amount of water absorbed in coatings changed with the type and
crosslinking density of resin used in coating formulation. When water absorption and desorption of coating occured
by exposing the coatings to electrolyte solutions of different concentration, increase in impedance caused by
desorption of water was found to be higher in the case of thinner film.
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Fig. 1. Experimental apparatus of water absorption measuring
system using QCM.
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Fig. 2. Block diagram of impedance measurement sytem.
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Fig. 3. Water absorption against thickness of alkyd resin coatings.
—t—: 28 um,—S—: 32um,—A—: 43um.
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Fig. 4. Water absorption against thickness of urethane resin coatngs.
~@—: 21 pm,—l—: 28 pm,—A—: 48 um.
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Fig. 5. Water absorption curve in alkyd and urethane resin
coatings. (coating thickness; 28 pum) #: Alkyd resin coatings,
+: Urethane resin coatings
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S = ZFY T/IeHE Aoz AZdr. Wi S A =
e B 23 AT & e ATV A2, 53 35
32 PETER AYE e BHEA JludEst e £
A = Hop %7] Wil 29 Fgo] A2 ez Azdrt
olgh 22 AR =9 glolM £ FTFE =UE ¥
Adohe LEA BA AR JEdTE As ¢ 5 Uk

3.2. ImpedanceHof| 2i0{A Z2| F0 wjE =20 capa-
citancetdi s}

7V gedt B-alA19] 5325 dstolsAE Rel A7) 2%
T 8% GO #HEs R0 &9 RIL E2 AFS 28
Fig. 8(a)¢} 2ol Yebd =7} qlv}. 281 Fig. 8(b)= cathodey}
gl Bte] Befaht 92 Srh8 2ol

1/Rp =R+ R (g =1/Re (@3]

2l 2%} o] R anodedt-$-2] Adlo]543 Ry9) cathodewt
3¢ HatolFATY Ry HHEY Fo2RE I8 4 ok &
F2ukgo) Filo] fefsle Aol St due 29l Warburg
YA W7 =YErt. Fig 8(a)9] 571820 ml AR Z (Y
©2 10 mV °|3he] FEs} I HFAUS Fig. 8(c)¢t o] 2A7HA|
Ze v To/gd Adols ZAMEY) 252yt S48 W7
o A7} Mete] FrREE o2 AF 2 JARHI7PEAYg
SHHF 9L, Fg. 8(0) AX)E /M ARSHS d& += 49
ok A% duEaolgtn de AL SAA o8 71X Fuke
o] LHE A7HE w, 2 A2 Arigt |Zi(=aV/Ae} $4
2 08 FA43hk= Zloltt. Fig 8()9] 571329 dodx Z=

Electmdel Solution r
Low frequency 1
e\
1
G e
. High ency = = "R .
current !——-
Ca
)

|
(a) (b

(c)

Fig. 8. Equivalent circuit, and current response.” (a) Charge
transfer control, (b) Anode reaction: Charge transfer control
Cathode reaction: Diffusion, (c) Current response to applied
alternating current potential. Resistance:

4 ()= vehd & gitk.
Z=Rs+R/(1-joR.Cy) 3)

71N o ZAFHF(e=2nf £ FIF)0Ith DFTE(0— ©)
A ZTeM9 YA AE 1/oC,— 02 H7] i AFE
Fig. 8(a)¢ Zo] C9t RE B3lA &8 dgdoz £9x3
R7} SR 9} 39 AF(0— 0l 2949 duda
7t = Ho AFE R} RE 534 227 gFo] R}
RI} ZAET. J8ns AFa4e Jdueaet uFase o
gHse] A2 HE AlolE A% RE 78 5 A}
Capacitance'$+2] 3] 2 o]|A]

Z=1/0Cy O]
E2 el = gl
E2}9] capacitance(Cy= 4] (5)E Fo] 7T},

Ci=e&A/d ®)

e Eute] §7E A4l e WFANY FHE A
(886X 10" Flem)ol™, AL Eote] 914, db Eot57AS e}
Atk A ($)lA k] 7t FAle)] ohE mete) $Hge P
& 9tk o3 TH UREY Eue fAgo] 349EolT,
Bo] YRale] FHLo] F7lE AL ol WS 2 FARS
802 7HX 917] WRolm, mebd ol Eo YEaW Gt

8.0e-10 =
7.0e-10
_~
f
N’
g 6.0e10
g
8 5.0e-10
)
g
0e-10
& 4.0c1
&}
3.0e-10
2.0e-10
103 102 1071 109 10!
LiCl (mol)

Fig. 9. Change of capacitance with thickness of alkyd coatings at
various concentration of LiCl solution.
—@—: 22 pm,—A—: 30 pm,—ll—: 56 um
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Fig. 10. Change of capacitance with thickness of urethane
coatings at various concentration of LiCl solution.

—{*—: 23 pm, —@—: 32 pm, —l—: 42 pm, ——: 59 um



F=A7)58s)A] A 14, A 1%, 1998 ' 59

7.0e-10

6.0e-10

5.0e-10

4.0e-10

Capacitance (F)

3.0e-10
4

2.0e-10
10°

3

-2 -1 ¢]

10 10 10

LiCl (mol)
Fig. 11. Capacitance Change of coatings at various concentration
of LiCl (coating thickness; 30 um).
—ill—: Alkyd resin coatings, —4&—: Urethane resin coatings
F7kele Aoz i,

Fig. 9¢} Fig. 10& Z7z} &471= A =9, S 54 =%
0.001 M, 0.01 M, 0.1 M, 1 M, 10 M2] LiCl M&2d & =&
NAE A%, EFAd 2 F35 1 kHzell 41 capacitance
W E YA o714 =89 FHel #ARle] =HFAZL
= e sEAe] ©E capacitanced] WEHEo| 2 A
o2 Jehga, 1 M~10 M) ¥ oA 9] capacitance?] F71E
T Z Zo Yehth o] RS dollA A 23 22 Ade
R S Lt R R 2 L R
oz Qe 2ol § - U5 A=A & wLHolA ] WEQ
Aoz Azpech

Fig. 11 30 pmol4] ko] ol 02 Ashd 9] =
of e e VeI o7 W= £ meta o
5 mupe] Bo F - B4 ol vkl vehbe Ae
suto] FL pEe =EHUS | FFB B 3N =
A H o] Z7hel whet g3 o] F7HIh), W oo =5
H =om) golajoof] AR, AHEQ ] oFA BEHEA =
Ty o] UlR-g-o] 35| g Aoz M. o|FA |
Beo] ABHE o)fE Eoe] F& &4 =&59 3l
g A0 FRHoR Ao s creep@ Aol Loink
o7t @l A2 fXI¢A A HE 7] wEd Ao
2 A Qo 283 7= FA =R e e
SR T}E capacitance ZHe| F7HEo] & AL AHoE &
Tt Bo] Fao] Br] wfe] F4ol oA HxFH
W& straino] LA, T 2 oF 3%0] D3] dEQd Aew
dA ot z8la $He $4 =uta} o] capacitance k2]
F71E0] A& AL WAzt F50) oJsfiA Eoto] A3t
wakA] 2 straind AAELT, ST straine] lE AEHIE
Hof, 1 F9 FFoll 93 0.5% ol3te) 22 BH strainC =
oHFEHA H7] Wil Aoz deA Aoh? ol T 4 A
HEZRE P2 5gd) glolA B FFe EUHFA, E4E T
At Y FAZ FFA FFE e s & F o

a2la E9Ee] tiy] 44 =E&HUS W F -2 AL
BM 7%, WA ASH R BESH, AFA} 249 24
o] a1, T2 QA ] BHo2RE FARIAE]
A AT muste] 248 Yoyl Jes 4z
4.4 B

PA e sejof] FPg 2 G MAE B EFHAS =
AbsE7) $8led, A FEH T 9= quartz crystal microbalance®)]
ol 98 Frw AT dud L PP 5 ol 8T FTF AT S8E
T3tk Bl oMol B9 F4% 349 A v ¥
3}of] w2 capacitance B2 HE thEat & 2ES AU

1 =etel] dig B9 F5E AFeE Al A o]FoiA]
3, &5 27|GAdAE SFACL S E Sl BE& A
o= Yehtth

2. 559 B &5 oM =g TS e A9
AR Agsta gl studsed weby Fdol 2 9%
rete e 4 ok

3. 2wt glojA] HEste dafd §4o] = wet F
C B d@ate] BRI on, e THY EHOITE 0T
7} &8 2@ gl T capacitance®] F7HE 0] 2 Ao=

LE

o

oz

1. J. D. Keane, W. Wettach and W. Bosch, J. Paint Technol., 41,
372 (1969).
2. 1. E. O. Mayne, Official Digest, 24, 127 (1952).
3. H. Haagen and W. Funke, J. Oil Col. Chem. Assoc., 58, 389
(1975).
4. D. Y. Perera and P. M. Heertjes, J. Oil Col. Chem. Assoc., 54,
313 (1971).
5. D. Y. Perera and P. M. Heertjes, J. Oil Col. Chem. Assoc., 54,
546 (1971).
6. W. Funke, U. Zorll and B. G. K. Murthy, J. Paint Technol., 41,
210 (1969).
7. K. Noda, J. H. Park, A. Nishikata and T. Tsuru, ZAIRYO-TO-
KANKYO, D-204 (1997).
8. G. W. Walter, Corrosion science, 32, 1041 (1991).
9. E. P. M. van Westing, G. M. Ferrari and J. H. W. DE Wit, Cor-
rosion science, 36, 957 (1994).
10. G. Sauerbrey, Z. Phys., 155, 206 (1959).
11. C, H. Hare, “Protective Coatings , 395, Technology Publishing
Company, Pittsburgh (1994).
12. C. C. Maitland and J. E. O. Mayne, Official Digest, 34, 972
(1962).
13. B. W. Chenry and J. E. O. Mayne, Official Digest, 37, 13 (1965).
14. A. Nishikata, “14th Technical Seminat’, Japan Society of Corro-
sion Engineering, p.43 (1997).
15. K. Sato, S. lue, SHIKIZAI KYOKAISHI, 32, 394 (1959).
16. M. Hukuyama, ZAIRYOU, 18, 851 (1969).



