702 — MLEEHD > SEHOMRE & REHECRITTHARBIT UL ¥V OFMER 115

70 A— MLEIEESH®S - X HAROMRE &
RS IS RIZT D ABRBI a0, v

VAN KON LIRS

© 1991 ISlJ
1111111111111110117

A 30

11111101111111117

o R ATk B Y

Effect of Phosphate and Silica Additives on the Performance and Struc-

ture of Chromate Conversion Coatings on Electro Galvanized Steel Sheet

Synopsis :

Makoto NAKAZAWA and Minoru YONENO

The performance and structure of chromate conversion coatings with phosphate or silica additives applied
on the electro-galvanized steel have been investigated, and double roles of these additives in the film

structure were proposed.

It was found that phosphate reduces hexavalent chromium content, which is the possible reason for

improvement of appearance and the adverse effect on corrosion resistance.

While silica was found to

form a bulky layer that can disperse yellowish hexavalent chromium and hold stable zinc corrosion
product within the film, which can be related to the improvement of appearance and corrosion resistance.

Phosphate forms a less-polor outer layer which repels paint, water and fingerprint.

This is ascribable

to the poor paint adhesion, relatively good wet adhesion and excellent fingermarking resistance of phosphate

containing chromate.
fingerprint.

On the other hand, silica forms a polar outer layer which attracts paint, water and
This is why the silica-containing chromate showed good paint adhesion as well as poor wet

adhesion and a great amount of fingerprint adhered to its surface.
The optimum film structure was designed based on these results.
Key words : chromate; conversion coating; phosphate; silica; corrosion resistance; paint adhesion;

appearance ; surface analysis; surface tension.
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Table 1. Composition of chromating. baths and Fang, gas—anglicasnins, 22 )hk
films formed.
B"“Z f"lr)’““la F““‘(C‘:;/‘P“zs)i“"“ Table 2. Results of colorimetric analysis.
Specimen g me/m
Cr0; |H3PO4| Si0* | Cr P Si Yellow Color irregurality
Specimen Index Lightness

Pure chromate 60 —_ — 31 — — (YD) (L) (a¢) (op)
Chromate—pl-iosphate 60 90 EO 34 40 ;6
Chromate-silica 60 — 1 33 —

ar o - > L Pure chromate 16.9 59.9 10.6 11.9
Silica coated 180 & Chromate-phosphate | —0.6 59.4 5.0 4.7
* Colloidat silica; Average diameter of the particles was 20 nm Chromate-silica 7.0 62.2 4.9 5.2
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Fig. 1. Corrosion resistance of flat sheets.
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Fig. 2. Corrosion resistance of preformed sheets.
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Fig. 3. Paint adhesion and wet adhesion of
(a) pure chromate, (b) chromate-phosphate, (c)
chromate-silica and (d) silica-coated.

Table 3. Fingermarking resistance.
Specimen Visual rating*
Pure chromate 2
Chromate-phosphate 4
Chromate-silica 4
Silica coated 1

* Ratings 5 : Invisible 4 : Almost invisible 3 : Visible
2 : Clearly seen 1: Very clearly seen

Table 4. Effect of additives on chromate per-
formance.

Performance Phosphate Silica
Appearance ++ +
Corrosion resistance

( 1 )Flat specimen + ++

( 2 )Shaped specimen - ++
Paint adhesion + ++
Wet adhesion + +
Fingermarking resistance ++ +
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Fig. 4. GDS profiles of (a) pure chromate, (b) chromate-phosphate ar‘1‘d (¢) chromate-silica.
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Fig. 5. Cr 2p spectrum of (a) pure chromate, (b)
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(a) Cr and O image of pure chromate
(b) Cr, P and O image of chromate-phosphate
(¢) Cr, Si and O image of chromate-silica

CMA “mixed mode” images of chromate
constituents.

Photo. 1.
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Fig. 6. Depletion of chromium during salt spray
test.

Table 6. Surface analysis of delaminated areas
using XPS (atm% ).

Specimens C|lO|N|Cr|Zn| P | Si
Pure chromate
(1 ;Initial surface 32.4(47.2| 2.5|12.7] 5.2
( 2 YDelaminated area [
(a)Substrate side 50.9/36.4| 1.4 6.3| 5.1
{(b)Paint side 72.5|20.5{ 7.0{ 0.1 0.0
( 3 )Delaminated area I
(a)Substrate side 54.6(31.2| 7.6{ 4.0| 2.6
(b)Paint side 70.2119.4]10.0| 0.3] 0.1
Chromate-phosphate
( 1 )Initial surface 42.2143.1| 1.2) 8.6]0.114.8
( 2 )Delaminated area [
(a)Substrate side 47.8140.5| 2.0} 4.6] 0.4 | 4.7
(b)Paint side 72.0(20.5| 7.4| 0.1{0.0(0.0
( 3 )Delaminated area [l
(a)Substrate side 51.0137.4| 3.4| 3.4/ 0.7 | 4.1
(b)Paint side 71.8{19.9] 7.1] 0.11 0.0/ 0.1
Chromate-silica :
(1 )Initial surface 15.2157.7] 0.4) 1.6{1.3 23.8
( 2 )Delaminated area I
(a)Substrate side 39.3/38.0| 4.4] 0.7/ 0.9 16.6
(b)Paint side 70.7120.21 7.5| 0.1] 0.0 1.5

Delaminated area I : Tested as received
Delaminated area [l : Tested after hot water soak

Table 7. Components of surface tension (mJ/m?).
Specimen 74 (Dispersion force) | 7* (Hydrogen bonding)
Pure chromate 29.2 12.5
Chromate-phosphate 31.4 14.8
Chromate-silica 31.5 39.6
Silica coated 38.2 33.9

Table 5. Relative amount of basic zinc chloride
formed during salt spray test (cps).
Specimen After 24h After 72h
Pure chromate 34 85
Chromate-phosphate 21 26
Chromate-silica 102 123
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Table 8. Factors affecting fingermarking resis-
tance.

Amount of b .
. . Ve 4 Visual
Specimen fipgerprint™ | (md/m®) | YT ) rating
Chromate-phosphate 1780 14.8 —0.6 4
Chromate-silica 4 640 39.6 7.0 4
Silica coated 7290 33.9 —8.4 1

* Measured by XPS as the peak area of Na 1s spectrum

Table 9.
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Function of phosphate and silica in film structure.

_ Phosphate

Silica

Function in
total structure

Appearance Decreasing yellow Cr (V] )
Corrosion Decreasing leachable Cr (V)
Function in Formation of less-polar outer layer

surface structure
Surface properties

Reduction of Cr (VI) to Cr (M)

Repulsion of paint, water and fingerprint

Formation of bulky outer layer

Concealing yellow Cr (V1)
Concealing corrosion products
Formation of polar outer layer

Attraction of paint, water and fingerprint
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