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Effect of Additives on the Surface Properties of Chromate
Conversion Coatings
Makoto NAKAZAWA ané Minoru YONENO
Synopsis :

The performance of the chromate conversion coatings applied on the electro-galvanized steel has been
investigated in terms of the effects of phosphate and silica addition to the chromating solutions. ‘

It was found that in the presence of both additives, the chromate film exhibits clearer appearance, higher
corrosion resistance, and better fingermarking resistance than when either additive is missing, while paint
adhesion was not compatible with wet durability of adhesion even when the two additives coexisted.

In order to optimize the dry and wet adhesion of the chromate to paint, the variations of the surface
chemical properties and the performance of the chromate film with the changes in the amount of
phosphate and/or silica addition were analyzed gquantitatively. The hydrogen bonding component of
surface tension was found to increase with increasing amount of silica addition because silica is polar and
it segregates on the surface, and therefore, it resulted in improvement of dry adhesion and deterioration
of wet adhesion. While the hydrogen bonding component once decreased with increasing phosphate addition
due to the formation of chromium phosphate, but it was recovered when zinc phosphate began to be
formed. The dry and wet adhesion was optimized when the surface contents of silica, zinc phosphate, and
zinc chromate were balanced.

Key words : chromate ; conversion coating; phosphate; silica; paint adhesion; wet adhesnon surface tension;
surface analysis.
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Table 1. Composition of chromating baths and
films formed I.

Film composition
Bath formula (g/1) P
Specimen (mg/m?)
Cr03 SiOZ H3P04 Cr Si P
Chromate-Silica 60 180 0 33 70 0.0
Chromate-Phosphate 60 0 90 34 0.0 40
Ch_romate-Slllca 60 180 90 3% 7 38
Phosphate

Table 2. Composition of chromating baths and
films formed II.

: Bath formula (g/1) Film composition (mg/m?)

Symbol -

: Cr0O3 Si0, H3POy4 Cr Si P
S-0 18 0.0 0 7.4 0.0 0.0
S-1 18 6.8 0 5.9 1.9 0.0
S-2 18 16.6 0 6.7 6.5 0.0
S-3 18 30.2 0 6.2 12.5 0.0
S-4 18 65.0 0 7.3 26.1 0.0
S-5 18 127 .4 0 6.1 53.7 0.0
P-0 25 0 0.0 8.6 0.0 0.0
P-1 25 0 15.0 8.1 0.0 3.6
P-2 25 0 29.6 8.7 0.0 7.5
P-3 25 0 50.5 10.2 0.0 12.0

P-4 25 0 92.0 10.3 0.0 22.4
P-5 25 0 175.6 15.6 0.0 66.3
M-0 13 40 0.0 4.4 17.5 0.0
M-1 13 40 17.6 4.1 16.9 4.5
M-2 13 40 26.0 6.8 16.9 6.7
M-3 13 40 89.4 10.9 17.0 21.9
M-4 13 40 134.8 7.9 17.1 35.8
M-5 13 40 270.2 5.3 13.9 72.8
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Table 3. Results of colorimetric analysis.

. Yellow Index | Lightness | Color irregurality
Specimen YI L o o5
Chromate-Silica 7.0 62.2 4.9 5.2
Chromate-ghosphate —0.6 59.4 5.0 4.7
Chromate-Silica _ 5
~Phosphate 2.8 64.3 4.2 4.6
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Fig. 1. Corrosion resistance of flat specimens:

(a)chromate-silica, (b)chromate-phosphate and (c)
chromate-silica-phosphate specimens.

Corrosion Rating

Good I 1
Y] 72 144 196

Exposure Time Chours)

Fig. 2. Corrosion resistance of shaped specimens :
(a) chromate-silica, (b) chromate-phosphate and (c)
chromate-silica-phosphate specimens.
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Fig. 3. Paint adhesion and wet adhesion of (a)

chromate-silica, (b) chromate-phosphate and (c)
chromate-silica-phosphate specimens.

Table 4. Fingermarking resistance.

Specimen Visual rating®
Chromate-Silica 4
Chromate-Phosphate 4
Chromate-Silica 5

-Phosphate

* Ratings 5 : Invisible 4 : Almost invisible 3 : Visible
2 : Clearly seen 1 : Very clearly seen
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Fig. 4. Surface properties of chromate-silica
specimens ; (a) dry and wet paint delamination, (b)
components of surface tension and (c) surface
content of Si, Cr and Zn.
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Fig. 5. Surface properties of chromate-phosphate
specimens ; (a) dry and wet paint delamination, (b)
components of surface tension and (¢) surface
content of P, Cr and Zn.
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AMEBERICHEZAVF M7 LT, REHVDHA
BEESOY — ZBICES W T WD I LG hsd. 12,
Cr DfLF IR, wFhoftiftcb 3fizosacah
BrEZoHNA,

DEDMRERAETDHE, FHEBY 70 L) AR
FTIE P/Cr MO KN XD BREED Zn, P DAL

Fig. 6(a) 12, Zn*™M 2% kL% Fig. 6 (b) 7557, RRIEELZYD, P/Cr /NS VB, BEHRO P ki
LThHABEZOLE LTHAEL, ThAERMERTD
Table 5. XPS peak peak positions of chromate- YPEERTFTERTVwBEFEZ SR, —F, P/Cr 55 ¢
phosphate specimens. ZHE, LD ABESSERSERD, OB
Soect XPS peak position (eV) MBAMEBHD 72 202 > TEL LB LDLE LN,
pecimen —
Zn2pyz | ZolMM | P2p Cr 2p 4:-2 =ZxFK70OX— bORMIERE, RIS REM
P-0 1022.55 | 265.60 — 577.20 & & DBk
P-1 1022.30 | 265.80 | 132.90 577.50 s , L
P-2 1022.40 | 266.05 | 133.10 577.40 RIZ, 41 CRONFEREL LI, STHor0A—
P-3 1022.45 | 266.25 | 133.40 577.80 . R S Ak B - .
P-4 1022.55 | 266.30 133.35 577.95 MIBIAILYHIEDABEDODREFRICOWVWTESET
P-5 1022.55 266.45 133.45 Not determined L. STt Table 2 b:ﬁi L7k ;) 7 Sl/CI‘ H:?ﬁ“* .
ZnO 1022.45 | 265.30 — — rom - _ = _ =p
Zn3(PO,)2-4H,0 | 1023.00 | 267.00 | 133.95 — T, P/Si ba AL E =00 0 A — b R
ZnyCrO,(OH); | 1022.05 | 264.80 — | 579.50, 576.95 ELTHWT, 4-1 ERILFMETHRET L 7-.
CrPO,-6H,0 — — 133.15 577.80 o ’
4:2-1 BHEEEN & RERDED
. L P-0
1023 |- Znz(P0O,)z:4H0 @ J\_’_ ot
S P-0 o 5 J\\/
S 10225} o " i 4&“,:,‘: I P2
& z0” 4 Be J\’/
N P-1 . L p-3
1022 | ® ZnCrO4(OH); j\\,/
] ! | ) ! 1 P-4
265 266 267
ZntMM (ev) \\ Fig. 6. Chemical state of zinc on the
——r<3=P-5 chromate-phosphate specimens; (a) Zn
274 266 288 (eV) 2p and Zn"MM peak positions and (b)
(a) (b) Zn™™M spectrum.
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Poor 8 Table 6. XPS peak peak positions of chromate-
f °® 7t silica-phosphate specimens.
i 6l XPS peak position (eV)
~ Specimen
5 o P LMM
(a) é 4 Wet Delam'mat':c;n,” Zn 2psz Zn P2p Cr 2p
g t prad M-0 1022.55 265.70 — 577.45
E 3 —q ,/’ M-1 1022.75 266.25 133.35 577.50
K o M-2 1022.70 266.45 133.45 577.75
8 2rth. M-3 1022.85 266.55 133.55 Not determined
- hed M-4 1022.75 266.75 133.50 Not determined
' _g 1 Dry Delamination M-5 1023.15 266.95 133.80 Not determined
o
0
Good 0 1 2 3 4 5 6
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Fig. 7. Surface properties of chromate-silica-
phosphate specimens; (a) dry and wet paint
delamination, (b) components of surface tension
and (¢) surface content of Si, P and Zn.
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Fig. 8. GDS depth profiles of chromate-silica-
phosphate specimens ; P/Si in film are (a) 0.4, (b)
1.3 and (c) 5.2.
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