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Effect of surface films on surface tension of tinplate and shrinkage hole
during printing
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Abstract: In order to solve shrinkage hole caused by surface tension mismatch between tinplate and
coating, the surface tension of tinplate was tested by Dyne pen and the phenomena of shrinkage hole
was observed by printing test. The changes of oil film, passivation film and oxide film on tinplate
surface under printing environmental condition were studied by thermogravimetric analysis and X-ray
photoelectron spectroscopy (XPS). The results showed that the oil film had effect on the surface tension
of the tinplate and shrinkage hole during printing. As the oil content increased from 2 mg/m’ to
6 mg/m’, the surface tension dropped from 29 mN/m to 27 mN/m and shrinkage hole appeared during
printing. The passivation film with the content range between 3 mg/m’ and 7 mg/m’ has no direct impact
on the surface tension and the shrinkage hole during printing. The oxide film has obvious influence on
the surface tension and the shrinkage hole during printing. When the oxide film content reached
1.99 mC/cm’, the surface tension reduced to 27 mN/m and the shrinkage hole appeared during printing.
DOS oil on tinplate surface could be volatilized in advance and unstable SnO be converted into stable

SnO, in oxide film by pre-baking, which is conductive to avoid shrinkage hole during printing.
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Fig.1 Dyne pen and test method of surface tension
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Fig.2 Schematic diagram of tinplate printing process

14 REBREHSH

PSR R N R AN 3 BT, Bk 5 iRk
AR f v R T B3 Ay e B B A SRR A AR
B e

1) i B < S AR08 00 Al A B b i AR AR
Bt , K JHTE [E| NETZSCH 23 7] STA449C [5] 25 #4473 #r
X (TG) 43 #7 DOS ¥ i i A4 2 F A 50, 1h 2 I 44
Z 190 °C, PRl 15 min, M 5.8 °C/min.,

2) i Al IR A8 AR B < >R JH 36 [ Thermo Scientif-
ic K-Alpha Jt: Hi - BE 1S (X #E AT X S 401 ML 1 g3
(X-ray photoelectron spectroscopy, XPS) 73T, 5 1%
A3t W AE N 50 eV, 2K 0.1 eV, LA C 1s &5 5 e
284.80 eV N REARMESEAT T AL IE , 18 i XPS Peak
BRAEXE Cr 2d Al Sn 3p HEAT LA, 19 2 Bl AL R A 4 Ak
B XPS FL A 4

2 FER51TR

2.1 HEEXTRE K N R ED Sk 4R FL AR
AN [ R ) B B A R 1T 5K 5 B 34
N 1 s, BT B B AR A B AL O 5.0 mg/m®. 45

E3 #EHREMTEE
Fig.3 Schematic diagram of tin plate structure
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Tab.1 Surface tension of the tin plate with different oil content and printing test results

Ui/ (mg'm™) it sk 51/(mN-m™) ENgRim 45 IR THHLIE i Bk I 3 2 R
2.0 29 JeaifL T4l
4.0 29 PRl T4l
6.0 27 DAl Je4ifl
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Tab.2 Surface tension of the tin plate with different passivation content and printing test results
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Fig.5 XPS fitted results of passivation film of tinplate before and after baking
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Tab.3 Composition of passivation films before baking
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Tab.4 Surface tension of the tinplate with different oxide film content and printing test results
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Fig.6 XPS fitted results of oxide film of tin plate before and after baking
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Fig.7 Schematic diagram of wettability
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