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ABSTRACT
Two series of polymer-clay nanocomposite (PCN) materials that consisted of water-borne

acrylic resin and layered montmorillonite (MMT) clay were prepared by direct mixing of acrylic
latex and aqueous MMT clay dispersion, in which the organophilic modified clay and the
unmodified clay were used. The PCN materials were examined by wide-angle X-ray diffraction
and transmission electron microscopy, both the intercalation and the exfoliation dispersion
structure were found in the organophilic modified clay/polymer nanocomposites, but the
unmodified MMT clays were found to be dispersed with exfoliation structure in resin matrix. In
the molecular permeability analysis, the oxgen and water permeability of these PCN coating films
(50 m) were found to decrease with the increasing of clay amount. The corrosion rate of these
PCN coatings on the cold-rolled steel were also found to decrease with the increasing of clay
amount in the electrochemical corrosion study.

Keywords: Water-borne acrylic resin/montmorillonite clay nanocomposite; Intercalation;
Exfoliation; Molecular permeability; Anti-Corrosion.
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2. 

2.1  

(montmorillonite) 

PK-805 CEC 98

meq/100g Hexadecyltrimethyl

ammonium chloride(ACROS) 99 % 37%

Hydrochloric acid (Riedel-de Haen) pH 

(P2)

33.17 % 145 nm pH = 1.7

2.2  

Na+-MMT (PK-805) 10 1000
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mL 2 L 10 1 N
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100g

1000

Hexadecyltrimethyl

ammonium chloride 4.7 200 mL

24 

(10000 rpm 30 min)

500mL 0.5~1 

5~6 

40 1~2 

(M-PK-

805)

2.3  /

/

+ 100 mL 24 

10 g 24

1  2

/

100 2.5 

50 m /

X-ray TEM 

2.4  

/

X-ray (X-ray URIGAKU D/MAX-

3COD-2988N) Clay 

Sample d-spacing

(Transmission Electron

Microscopy JEOL JEM1200EX II) 

(Gas Permeability Analyzer GPA) 

(Vapour Permeability Analyzer VPA) 

(corrosion

potential E
corr

) (corrosion current

i
corr

) (polarization resistance R
p

)

(corrosion rate R
corr

MPY) 

Voltalab model 21 potentiostat/galvanostat (Radiometer

Copenhagen) 
[7, 8]

3. 

3.1  

(d-spacing) 

X-ray 

:  n = 2d sin

(M-PK-805) X-ray 

( 2) Na+-MMT 

1.26 nm (2 = 7.0 )  1.86 nm ( 2 = 4.7 )

/

(intercalation) (exfoliation) CLWA

CWAx X-ray 

CLWAx CWAx X-ray 

( 2) XRD peak

4.5 nm 

-253-

/



(CLWAx CWAx )

XRD 

/

TEM /

CLWA3 CWA3 TEM 

3

3(a) (b) CLWA3 CWA3 5 

TEM 3(a) CLWA3 

3(b) CWA3 

1 TEM 

3(c) 3(d) ( CLWA3

CWA3) CWA3 

CLWA3

CLWA3

CWAx 

nm Toyota 

6/ 
[9-12] 

3.2  

[2, 13] 

/

50 m CLWAx CWAx 

4 

0.524 barrer 5% 

0.380 barrer (CLWA5) 0.357 barrer (CWA5)

40% (CWAx)

(CLWAx) 5 

(CWAx) 

1 % 772 g/m2-h 

342g/m2-h 5% 279g/m2-h

5% (CLWA5) 424g/m2-h

(CWAx) 

(CLWAx) 

CWAx 

CLWAx 3 

TEM 

CWAx 

-254-

2005 6



3.3  

WA CLWAx CWAx 

(E
corr

) (R
p
) (i

corr
)

(R
corr

) 3

(WA)

(barrier) 

CLWAx CWAx 

CLWAx CWAx 

CWAx 

CLWAx 3% CWA3

0.78 MPY 5 % 

CLWA5 0.85 MPY CWAx 

CLWAx 

4. 

/

(CWAx) 

(CWAx)

(CWAx) 

(CLWAx) 

/

3% 

1/14

/ -

1. P. Li, T. C. Tan, and J. Y. Lee, Synth. Met., 88

(1997) 237.

2. T. Lan, P. D. Kaviratna, and T. J. Pinnavaia, Chem.

Mater., 6 (1994) 573.

3. H.-L. Tyan, Y.-C. Liu, and K.-H. Wei, Chem.

Mater., 11 (1999) 1942.

4. Z. Wang and T. J. Pinnavaia, Chem. Mater., 10

(1998) 3769.

5. J. W. Gilman, C. L. Jackson, A. B. Morgan, R. Jr.

Hayyis, E. Manias, E. P. Giannelis, M. Wuthenow,

D. Hilton, and S. H. Phillips, Chem. Mater., 12

-255-

/



(2000) 1866.

6. 2 1998.

7. J.-M. Yeh, S.-J. Liou, C.-Y. Lai, P.-C. Wu, and T.-Y.

Tsai, Chem. Mater., 13 (2001) 1131.

8. J.-M. Yeh, S.-J. Liou, C.-Y. Lin, C.-Y. Cheng, Y.-W.

Chang, and K.-R. Lee, Chem. Mater., 14 (2002)

154.

9. Y. Kojima, A. Usuki, M. Kawasumi, A. Okada, T.

Kurauchi, and O. Kamigaito, J. Polym. Sci. Part A:

Polym. Chem., 31 (1993) 1755.

10. A. Usuki, Y. Kojima, M. Kawasumi, A. Okada, Y.

Fukushima, T. Kurauchi, and O. Kamigaito, J.

Materials Res., 8 (1993) 1179.

11. A. Usuki, A. Koiwai, Y. Kojima, M. Kawasumi, A.

Okada, T. Kurauchi, and O. Kamigaito, J. Applied

Polym science., 55 (1995) 119.

12. N. Hasegawa, H. Okamoto, M. Kato, A. Usuki and

N. Sato, Polymer, 44 (2003) 2933.

13. W. L. Ijdo and T. J. Pinnavaia, Chem. Mater., 11

(1999) 3227.

2004 7 31 

2005 2 1  

2005 2 21 

-256-

2005 6



-257-

/

1. (CLWAx)

Table 1 Recipes of the organophilic modified clay/polymer nanocomposites.

2. (CWAx)

Table 2 Recipes of the unmodified clay/polymer nanocomposites.

3. CLWA x CWAx 

Table 3 Electrochemical corrosion experimental data of CLWAx & CWAx series.
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Figure 1 The diagram of O
2

& H
2
O molecular diffusion paths in polymer/clay

nanocomposites for each different clay dispersion structures.

2 CLWAx CWAx X-ray 

Figure 2 X-ray diffraction patterns of two series nanocomposites, CLWAx & CWAx.
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Figure 3 TEM of water-borne acrylic resin/montmorillonite clay nanocomposite; (a) CLWA3,

50000X, (b) CWA3, 50000X, (c) CLWA3, 10000X, (d) CWA3, 10000X.
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4 CLWAx CWAx 

Figure 4 Permeability of O
2

as a function of the clay content for

CLWAx & CWAx.

5 CLWAx CWAx 

Figure 5 Permeability of H
2
O as a function of the clay content

for CLWAx & CWAx.




