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Effects of Organic Resins and Inorganic Inhibitors on Properties of
Cr(VI)-free Thin Organic Composite Coated Steel Sheets

Naoto YOSsHIMI, Akira MATSUZAKI, Satoru ANDO, Takahiro KUBOTA and Masaaki Y AMASHITA

Synopsis : Despite the large amount of research of Cr(VI)-free coated steel sheets being carried out for many years, there have never been products that

could provide corrosion resistance and electric conductivity. In this study, as a basic research on Cr(VI)-free thin organic coatings, effects of

composition and thickness of organic coatings on corrosion resistance and electric resistance were investigated.

(1) Regarding on barrier effect of organic resins, relationship between O, permeability coefficient and corrosion resistance was investigat-

ed. Amine-modified epoxy resin, providing the lowest coefficient of O, permeability, showed the best corrosion resistance. (2) In order to

provide self-healing effect, effect of silica and phosphate compounds contained in organic coatings on corrosion resistance was investigated.

Colloidal silica improved corrosion resistance at 20 to 30 wt%, while fumed silica deteriorated it. A condensed phosphate compound also

provided good corrosion resistance. (3) Effect of coating thickness and compositions on electric resistance was investigated. As the coating

thickness increased, the electric resistance was deteriorated. However it did not depend on coating compositions.

From the facts described above, a basic concept of Cr(VI)-free thin organic coatings was obtained. In order to provide good corrosion re-

sistance and electric resistance, thin organic composite coatings with barrier effect and self-healing effect are necessary.

Key words: galvanized steel sheet; chromate coating; Cr(VI)-free coating; thin organic composite coated steel sheet.
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Table 1. Conventional Cr(VI)-free coating methods.

Conventional Cr{VI)-free coating

Chromate

Type of Passivation Chelate effect Inorganic Organic
cz:tin (Redox (Chelation with of gmer composite
g reaction) Zinc) poly coating
Polyolefin resin,
Silicate'? acryl resin and
M 910 | Tannic acid' I
Examples olybdate’ annic acid Phosphate'™ | phosphoric
inhibitor'¥

+Barrier effect
(c(m))

= Self-healing

effect (Cr(VI))

Characteristics|

Poor corrosion
resistance

Poor
appearance

Poor
corrosion
resistance

Poor electrical
grounding and
spot weldability

Good corrosion
resistance,
Good electrical
grounding and

spot weldability
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A Anode,
B:0.5N KCI,
C:Pt cathode,
D :Film sample

Fig. 1. Apparatus of measuring O, permeability coeffi-
cient.!”
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Table 2. O, permeability and H,0O permeability coefficient
of various organic resins.

Resin

0, permeability coefficient
P(0,) (X 10712 cm3(STP) -
cm/cm?+sec*cmHg)

H,0 permeability coefficient
P(H,0) (%10 g-cm/cm?-sec)

Amine-modified

8.20 6.64
epoxy
Ha0 Epoxy 105 5.72
2 Ethylene 140 11.6
Fig. 2. Apparatus of measuring Hgo permeability coeffi- Aoy 190 196
cient (Payne cup method).'® Urethane 700 261
Red rust °
Amine—modified epoxy
VY
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Fig. 3. Relationship between coating thickness and corrosion resistance of various organic coatings. (Corrosion test: SST 48 h).
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Fig. 4. Relationship between O, permeability coefficient
and corrosion resistance of organic coatings.
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Fig. 5. Relationship between H,O permeability coefficient
and corrosion resistance of organic coatings.
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Silica content (wt%)

Coating thickness =2 m

Fig. 6. Effect of silica content on corrosion resistance of
organic coatings. (SST 72h).
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Coating thickness = 2.5 4 m

Fig. 7. Effect of phosphate and phosphite compounds on
corrosion resistance of organic coatings. (SST
240h).
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Fig. 8. Effect of organic coating composition and coating
thickness on interlamination insulation resistance.
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Fig. 9. Mechanism of electric conductivity of thin organic
coatings.
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Fig. 10. Basic concept of Cr(VI)-free organic composite
coating.
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Fig. 11. Basic concept of design of Cr(VI)-free organic composite coatings.
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