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Some Comparative Tests of Electrolytic Tin Plates and Hot Dipped Tin Plates in

Cans for Japanese Canned Mandarin Oranges ([})
Some Aspects of the Internal Corrosion of the Test Cans (a)
Visual Observations on the Internal Corrosion.

Iwao Shiga and Keiichi Kimura

To catch some aspects of the internal corrosion of cans, visual examinations were
executed.

Characteristic features of the internal corrosion in canned “Mandarin” oranges were

I) Loop shaped liquid line corrosion exposing alloy layer at plain body
(cf. Fig.2,3,4,6,&7)

In the electro tin plate cans, the corrosion of this type started at liquid line in the head
space expanded downward considerably quickly, accompanying drastic detinning, and eventu-
ally resulted in earlier hydrogen swell. On the other hand, the liquid line corrosion’ in the
hot dipped tin plate cans did not expand so easily as in the electro tin plate cans, and
remained as a fine line for a considerably long period.

A possible cause of the liquid line corrosion may be attributed to the enhanced reactivity

of organic acids at the surface in the presence of restricted oxygen in the head space. Any

how, oxygen was observed to have detrimental effect to the liquid line corrosion in another
experiment executed by us. The enaméling on the body flanges with a width of about 17
m.m. was proved to be very effective in preventing the corrosion (Fig.8).

2. Peeling-off of alloy layer from steel base

A noticeable corrosion phenomenon in the plain electro-tin plate cans was peeling-off of
a thin film of alloy beneath free tin layer from the steel base, after detinning completely, as
many glaring black or grey flakes suspending in the contents (cf. Fig 10, &11,). The pheno-

menon seemed to be attributed to the corrosion penetrated into the boundary between the
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alloy layer and the underlying steel, starting from discontinuities of alloy layer. Under a
metallurgical microscope with artificial illumination, the thin film had two distinctly different
surfaces ——one was smooth, glassy and glittering, and the other was rough and brown
(or grey by natural light) (cf. Fig.12-b,&13). Through a higher power microscope, it was
observed that the bright smooth surface had a structure resembling the surface of steel base
that was polished and then etched lightly (cf. Fig.14). The flakes had mostly curled into
cylindrical forms, outside of which was grey and rough. The smooth glittering surface
seemed to be the side which had stuck fast to the steel base (cf. Fig.12-a).

3. Feathering of tin surface;

Feathering on the surface of electro-tin plate was considerably small and more or less
unconspicuous, and disappeared rather quickly by detinning

4. Localized corrosion in the fully inside enameled cans;

A characteristic feature in the fully inside enameled cans was localized corrosion, such as
point corrosion and line corrosion at discontinuities in the enamel film. The lozalized corrosion
mentioned above was much more drastic in the electro tin plate cans than in the hot dipped
tin plate cans. That was a reason of the earlier failure in the fully inside electro tin plate
cans, in spite of the fact that the fully inside enameled hot dipped tin plate cans showed
better performance. As pointed out by Lueck and Brighton (@), the localized corrosion -at
discontinuities in the inside enameled ends was prevented when the inside enameled body
had been replaced by plain bedy, until free tin onthe body disappeared completely(cf. Fig.9).
The fact described above may be attributed to the presence of free stannous ion in the
plain body can in concentration enough to act as an inhibitor for steel base @© @ @ @
After complete detinning had occurred at the plain body, the localized corrosion at discon-
tinuities in the enamel film on the electro tin plate ends had trend to appear as a result of
the dilution of the liquid in the concentration of stannuous ion by the formation of complex

tin compounds among stannous ion and organic acids such as citric acid (.
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Fig.1. Internal corrosion of fully inside enameled hot-dipped tin plate can.

a. After storage of 38days at abt. 35°C

b. After storage of 114days at abt. 35°C

c. After storage of 158days at abt. 35°C
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Fig.-2. Internal corrosion of partially inside enameled hot dipped tin plate can—enameled ends on plain body.

a. After storage of 38days at abt. 35°C.

b. After storage of 1lddays at abt. 35°C

c. After storage of 158days at abt. 35°C.
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Fig.-3. Internal corrosion of plain hot dipped tin plate can.

a. After storage of 38days at abt. 35°C.

b. After storage of 1l4days at abt. 35°C.

. After storage of 158days at abt. 35°C.
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Fig.-4 Internal corrosion of the so-called composite can——enameled

electro-tin plate ends on plain hot dipped tin plate body.

a. After storage of 38days at abt. 35°C.

b. After storage of 114days at abt. 35°C.

c. After storage of 158days at abt. 35°C.
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Fig.-5 Internal corrosion of fully inside enameld electro-tin plate can.

a. After storage of 38days at abt. 35°C.

b. After storage of 1l4days at abt. 35°C.

c. After storage of 158days at abt. 35°C.
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Fig.-6 Internal corrosion of partially inside enameled electro-tin

plate can——-enameled ends on plain body.

a. After storage of 38days at abt. 35°C.

b. After storage of 114days at abt. 35°C

c. After storage of 158days at abt. 35°C.
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Fig.-7 Internal corrosin of plain electro-tin plate can.

a. After storage of 38days at abt. 35°C.

b. After storage of 1l4days at abt. 35°C

c. After storage of 158days at abt. 35°C.
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Fig.-8. Internal corroaion of pattially inside enameled hot dipped tin plate can — enameled
ends on body enameled only on the both flanges with a width of about 17m.m.

a. After storage of 38days at abt. 35°C

b. After storage of 11d4days at abt. 35°C.

c. After storage of 158days at abt. 35°C.




Z DfEEx Head space 1w ) 2 HARE A REIE Ly i S NESD B2k V.C. DiFsk
AHEZBOMEHIL &5 & OENOTIHIELESLDTH 5.
fHERR D Enamel A5 L TV xR RER T 1285 IC i)y 7 Feathering %4 U7c»t, (EIREG

e #2175 Enamel O & - ¢ Liquid lin2 corrosion #3fHIE X #L7z o

— 26 —



B MNE%EEIE ML -EEDREs

WEEREIE L 2FEE@ Counter-sink-radius OE i, BERSEDOEA L, BHEBLLLOD
LTy WOEIRTRLU I ICHET 5,

BRI BB A I SV BOEEIR, A EBHMOBERD 5 & kL WA, ERCER Y
WL ek, Eo Counter-sink-radius ic X/ NOBAINEE L THREL. FLTEFRAESR
Ay %7 ) S EBFECR TUHICEFEETH - ko AEDOIRR S Counter -sink-radius LISt @ #E
TR 5 BEOESICRTS Rbhiko DEORE A BRARXEYECY > THRVWHEBEIMTI 2 X J <
Counter-sink-radius % ¢ Expansion ring [-¢® Enamel film % tin-layer ¢4 U@, RE
TR EEEMN, ERSBOSAIE, s bEH O Stannous ion DO REAEIER I E S
h50@®D. Wi Enamel # 5 L 72 & #14# 7c$5A& Tk 24 5 7 Stannous ion Ml
RELIEVEA 23 EIRSHIR 7\ o % L TRBREICEhE D% B IC RV ELA AL T % & DGR BiE
DHE& DRRICFREANCIEIT T 5 O Tllie { CIARANCHEST L CERE A I b h SRS 3Lk &4 %
AT B LD LS REPMICE > TGRSR DARMICEELR LRI, B
KAy 7 ) EBERCR CRFTBHOIEEIAD D, IBH LA + > FEREKFIC Ik
DI, MR DB & 85 LAlEEL O, MERBIMcES Z ticiebhsThsb 5,
EREHMOE MM & FHE L CEBBMNCER 1 + > 2 BUE3Z L@bEE2bNb,

REL EOgABEBCFER L TanNmicBRE LI, FHCES 2y +7 ) + WEENE CIRE
JE® Counter-sink-radius iz i # 53", Expansion ring, Side seam RE i EiDBEHLER Fic S
BRI IET B, NEBERHRED 5L T, BRI EHACIFRICIRE (X
2l IKEWIEEL, ER 2y 7 ) +REZEECR T, BERY, ERICELTHEL LD DK
W CHBHIR S { AT REMICRTREL TS 5D TH D,

Fig.-9. Corrosion at the counter sink radius of enameled electro tin plate ends.

a) End combined with plain body. b) End combined with enameled body

(a)
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Fig. 10. Black small suspending matters ( =flakes of thin film of tin-iron alloy)

in a swelled canned oranges packed in the electro-tin plate can.




Fig. 11. Internal corrosion of electro tin plate cans domed by hydrogen evolution. A number

of black small suspending matters (flakes of thin film of tin-iron alioy)were found

in a liquid from the can.

a. Combination can with enameled ends and plain body.

b. Plain can.
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Fig. 12 - a. microphotograph (<27) of the black small suspending matters ( =flakes of thin

film of alloy) uader low power. Most of the flakes had curled into rolls.

Fing. 12 - b. Microphotograph (3<50) of tin-iron alloy flakes flatted out on

a slide glass. Note two differencial surface.
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Fig. 13. Microphotographs (3<100) of one flake of alloy under some higher

power, showing its two differential surfaces.

Fig 14. Microphotograph (3<600) of the lustrous smooth surface of tin-iron

alloy having structure like that of the steel base.
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