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Electrochemical Investigation into Effects of Sulfur-Stain Resistance by Aluminum

Oxide Passivation on Tinplate

Akihiro Yosuiba, Naomi Tacuchi, Misato UeNo, Shinichi Taya, Kunihiro Y OSHIMURA

Synopsis : “Tinplate”, a tin-coated steel sheet, has been one of our main products and produced as a

traditional container material like a food can for a long time. Because of prevent sulfurization
discoloration formed inside of cans, it has with using a passivation (chromium oxide treatment) on
surface of tinplate and coating techniques (pigment additive, multiple coating). Toyo Kohan has
made an effort to develop a variety of passivation on the tinplate which is advanced sulfur-stain
resistance without being influenced by coating techniques.

In this paper, an aluminum oxide passivation that is one of the passivations under development
with sulfur-stain resistance was evaluated and studied the mechanism of sulfur-stain resistance by
using the electrochemical measurement.

When the aluminum oxide passivation film was coated on the tinplate, it was identified by using
electrochemical measurement that stannous oxide, SnO as the start point of sulfurization on the
tinplate surface reduced and the reaction of a Sn ion or a Fe ion and a S ion in the model liquid
solution were inhibited. In addition, it was identified that the aluminum oxide passivation film
coated on the tinplate was more than the chromium oxide passivation film by Auger image
observation.

As a whole, the aluminum oxide passivation is considered to be better sulfur-stain resistance than
the chromium oxide passivation from the point of view of the datum reciprocally.
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Fig.1 Schematic diagrams of cross sectional composition of
tinplate with a passivation film
(a) Tinplate with a chromium oxide passivation
(b) Tinplate with an aluminum oxide passivation
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Table 1 Coating conditions in various lacquers

lacquer type Epolxy phenol Polyester phenol
acquer lacquer
Pre-baking condition
(External print 190°C X 10min
equivalent)
Coating condition 50-60mg/dm? 90-100mg/dm?
Baking condition 200C X 10min 190C X 10min

Table 2 Model liquid condition for dipping solution

Reagent concentration pH
(MDL-cysteine hydrochloride 0.6wt%/L
@Sodium dihydrogen phosphate | 25mmol/L | 7.0
@Disodium hydrogen phosphate | 50mmol/L
Storage condition 90°C X 48h

Model liquid condition

| | | im| ] | | Sample

Sample .
o Masking tape

Model liquid

Scm

Fig.2 Schematic diagram of container for storage

Measurement area
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Table 3 Measurement conditions of anodic polarization tests

Model liquid is adjusted pH
4.7 by using glacial acetic
acid.

Model liquid |Reagent: Na2S-9H-0
condition Concentration :2g/L

Measurement | RT/atmosphere
environment | Model liquid:37C

Counter Pt
Electric electrode
specification | Reference
electrode Ag/AgCl
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(a) Chromium oxide passivation

(b) Aluminum oxide passivation
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(a)-SEM

(b)-Al

(b)-SEM
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Fig.4 Element mapping on passivated coating surfaces of tinplate by Auger image analyses
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Fig.6 Anodic polarization of tinplate with no passivation
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Fig.7 Anodic polarization of tinplate with a chromium oxide
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Fig.8 Anodic polarization of tinplate with an aluminum oxide
passivation
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Fig.9 Anodic polarization lines of tinplate with non-passivation, a chromium oxide passivation and an

aluminum oxide passivation
(a)Before baking (b) After baking
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