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Characteristics of Zr-base Passivation Layers of Tinplate
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Abstract

With increasing environmental demands in surface treatment of steel sheets, the passivation layers contain-
ing hexavalent chromium (Cr*®% are being replaced by non-chromium or trivalent chromium compounds. After
review on the various types of inorganic compounds, the zirconates was chosen as the candidate for alternative
to sodium dichromate in the aspect of its barrier properties with excellent adhesion to organics. The ammonium
zirconium carbonate (AZC) and sodium hexafluorozirconate (SFZ) could be reach 70-80% level of CDC (catho-
dic dichromate) treatment by their single applications. But high porosity in the AZC layer and poor electrical
conductivity of SFZ solution limit the single application of zirconate. Mixed composition of zirconates to com-
pensate their inferiorities or incorporation of organic compounds to seal the porosity seems to be inevitable to

match up the target level of Cr~free passivation of tinplate.

Keywords . Cr-free passivation, zirconate, ammonium zirconium carbonate(AZC), sodium hexafluorozirconate

(SFZ), cathodic dichromate(CDC), tinplate
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Table 1. Chemical composition of electrolytes
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Table 2. Solution stability of compounds used in
this test

No. Chemical Compound I\%ggige ( V%icg/z)
B | Zirconium Acetate (ZA) Neutral 1
C Zirconium Nitrate (ZN) Cationic 1
D Hydrox?icrﬁl%ﬁiigren (ZHC) Cationic | 0.5
B Osyehloride (200) Cationic | 05
po|  fexdliororieomc | anionic | 05
G fluosrgiigégnggeX?S_FZ) Anionic | 0.5
i Dichrsé)l(rillaut?(SD) Anionic |25 g/1

Degree of etching (1 severe—mild 5)
No. |Compound Electrolysis Dipping
Cathodic Anodic
A AZC 5 5 5
B ZA 2 n.c. 5
C ZN . 2 n.c. 1
D ZHC 3 n.c. 2
E Z0C 5 n.c. 4
F FZA 3 1 2
G SFZ 5 1 5
H SD 5 n.c. 5
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Fig. 1. Results of oxidation tendency with treatment
method in humidifying tests.
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Fig. 2. Results of oxidation tendency with treatment
method In baking tests.
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Table 3. Results of porosity after Ferroxyl tests

Degree of etching (1 severe«<mild 5)
No. |Compound| Electrolysis Dipping
Cathodic Anodic

A AZC 2 1 1

B ZA 5 n.c. 1

C ZN n.c. n.c. n.c.
D ZHC 5 n.c. 1

E Z0C 1 n.c. 1

F FZA 3 n.c. 3

G SFZ 5 n.c. 4

H SD 5 n.c. 4
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Fig. 3. SAM depth profile of passivation layers (sput-
tering rate = 0.8nm/min Ta,Os)

a) AZC{cathodic), b) SFZ (cathodic) .

Table 4. Results of sulphide stain resistance after
retorting tests

Degree of etching (1 severe —mild5)
No. |Compound Electrolysis Dipping
Cathodic Anodic
A AZC 4 1 3
B ZA 3 n.c. 3
C ZN n.c. n.c. n.c.
D ZHC 3 n.c. 3
E Z0C 3 n.c. 3
F FZA 3 n.c. 3
G SFZ 4 n.c. 3
H SD 5 n.c. 1
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Fig .4. ESCA surface survey and depth profile of pa-
ssivation layers for AZC(sputtering rate=
0.9nm/min of Ta,Os),

a) surface survey b) Zr ¢) O.
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