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Effect of Annealing and Forming on Adhesion of Film to Tinplate

Miho NAKABAYASHI, Masatoki IsHIDA, Masanobu MATSUBARA, Satoshi KoBavasHl, Takahiro HavasHipa and Norimasa MAipa

Synopsis : Recently, inorganic-organic composite materials have been applied in various uses. They are

lacquered or film-laminated on substrates such as stainless steel sheets, aluminum sheets, EG
(Electro-galvanized steel sheets) and ECCS (Electrolytically Chromium/Chromium oxide-coated
steel sheets). Characteristics required for those materials are corrosion resistance in usage
environment and adhesion of organic materials to inorganic substrates after forming.

In this paper, we investigated adhesion of laminated film to tinplate after aging and forming,
especially effect of tin oxide on adhesion of the laminated film.

Tin oxide generated on tinplate after aging in both high humidity and hot dry atmospheres. Each tin
oxide gave different effects on film adhesion to flat plate. In the case of existence of tin oxide with equal
quantity electrochemically, the oxide formed in high humidity atmosphere gave little effect on film
adhesion. On the other hand, the one formed in hot dry atmosphere gave harmful effect and the
adhesion strength decreased with an increase in the tin oxide. In observation of peeled surface, the tin
oxides exited on both the substrate and film surfaces and cohesive failure of the oxides at the interface
was observed.

In the case of forming, the film adhesion decreased with an increase in forming such as drawing and
ironing. In the peeled surfaces after drawing, not only tin oxide but also Fe-Sn alloy was observed. It is
considered that the Fe-Sn alloy layer also leads to the decrease of adhesion. In the peeled surfaces after
ironing, in addition to cohesive failure of the oxides, interfacial peeling due to appearance of new
surface generated by ironing was observed. This also leads to reduce the peel strength.
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Table1 Relation between tin oxide amount and aging condition

Temperature (°C)  Humidity (%) Time (ht/min) Sn(ox) (C/m?)
No aging A - - - 5.9
B1 35 85 96hr 7.6
B2 65 85 96 9.4
High humidity B3 85 85 48 11.7
B4 85 85 96 12.4
B5 85 85 168 15.7
Cl 100 - Smin 7.2
C2 150 - 5 8.3
Hot dry C3 200 - 5 8.9
C4 200 - 10 10.2
C5 200 - 20 10.6

Sn(ox) :tin oxide
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Fig.9 SEM micrograph of peeled substrate side and film side after 180° peeling test about flat plate
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Fig.14 EDX analysis of peeled substrate side and film side after 180° peeling test about high equivalent strain
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Fig.15 Schematic representation of failure modes after forming (broken line : fracture interface)

5. % B

RO EERFEMEL, 74 V5% 5 33—+ LEAEMEOFR
W ETER L O LEEEIc O W THTE L 7. Hig, %
P BT B D RSB D TR L7453, AT o
kIymztnbrotl,

1) 30 2B E X CHAGEIHGI R L 7285
gu,wﬁhb&b%tuﬁﬁmﬁéimﬁaﬂ,_n
SR EE T 2HEMIC 74 V%2 T I 2= L
A, TG X ORZENVE AR TR L 28I L & Tl
¥erwé74WAﬁ%ﬁL&ﬂ?%%#£&of
BRI A R OSBRI DSEE L 72356, BRI
RCHARL U 7o BRI DSBS M IS U TR A v
23, HEEAGRPHAA T AL L 2o B L RIS S P U TR
BPREL, BRI E, BEEIIRE (K
L.

2) HEME7 4 VL EDHBERICE VT, BEE X O
Bl b, MBIy NEEL TR, BRED
EEWIEDTE D & Nz, WENEIHS TR L 72 SR L
1ZSn0: & HEE X 1, %@%ﬁ@ﬁ%ﬁ%&évu7x
b EDRMDBHEEDORI & 22> T3, WAEHAT
AR U 7SRRI ESnO & HEE X 1, IBALIRINR 5
LWHEDI RO E 22> T2,

3) MOMTELITEMTT, F—DMTIEICE WTIZE

BHICEIRD SN, OMIT T, MTEMR Y
&, MR A & ) ZREOHBBLIRES RS NS 72 o
PRI D BEENGEDHE O R E k> T, F,
ITEDEBIGAICIX, S 5ICEMEAPIRES Sk
&, BBALIEZ i S ASE LIER I N, Bt
i & SR E ORI HE ORI L o> T 5 & HEH
INs.

LZEMLTIE, MLOETAHAICEAZZITS I L
XD, MTEMENEEIEZDEARDEEIZNE L,
HIMEOME UL & AR TH 2. M TS LB A I,
WITNOFEMBICEVLTOEE (BEaekE, HidE, Sk
{LIEIE) 3 51 & D, #Ame LT a0

BHE»BO S, HMEE 7 4 VAHEICE W TRESED
WODEIET %, LidoT, $a&Es L opitn
ET7ANLEDFREDPHEEDR S & 2> T3 LHEHX
ns,

51 B X ®
1) FHHIRSSE « #if, 39 (2001), 28
2) Beverage Japan, 168 (December 1995), 64
3) GHMEE Py v 7—FH AR 2 A5, (1994)
4) BREE R BRREUEREL 25— (199, 1.19)
5) ’ﬂ?lﬂﬂ%ﬂfhr HARSkS 2 55186 - 187l ph LiFt &5 fife
A,
6)kMk% ETHUIE R, ARARE, L SRR EGE,



HPESER Vol.35

1,2 (1967), 59-69

7) FRHEME, EHAER, WAEE, GHIES, FHEIE,
A TEZ RS, 33 (2002), 4

8) IRMARM, EMEME - T3, 113

9) KIIAER, BASEG 2, =l e - SEsGE, 1, 2 (1966),
28

10





