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Some Comparative Tests of Various Tin Plates in Cans for Japanese
Canned “Mandarin” Oranges.

On the progressive changes in dissolved tin and
iron during storage of canned oranges.

Yoshitomo Iwamote

Performance of tin cans, made from H. D. tin plated, E. T. $100 tin plates were tested.
Lots of test cans were coated with enamel on the inner-surface of ends and both flanges of
body with the width of 14 mm. forthe purpose of preventing liquid line corrosion in cans.
Segments of mandarin orange were packed in the test cans under the same condition as under
the commercial productions. The test canned oranges were divides into 2 parts, one was kept
‘at room temp, while the other at 37°C. The amounts of tin and iron dissolved from tin cans
in their contents were determined at some intervals of period, and following resurts were
obtained.

1. In each test pack, dissolved tin in the contents was measured as about 50 ppm, just
after canning, and about 100 ppm, after 12 months of storage under the prevailing temp.

2. Dissolved tin amounted to about 110 ppm. of the contents after 3 months of storage
and about 500 ppm. or more after 13 months of storage under the temp. of 37°C, and many
of the hydrogen wells were found among the samples in the latter case.

3. The amount of dissolved tin existing in the cans stored for 12 months at room temp.
was almost the same as found in the cans stred for 3 months at the temp. of 37°C.

4. The amount of dissolved iron gradually increased with the progress of the term of
storage until the proctective action of tin towards exposed iron area disappeared, and after
that increased rapidly. Around 25 ppm. of iron was found in the hydrogen swell at an eariy
stage.

5. Differences in the mount dissolved tin and iron were little between the H. D tin plate
cans and the E. T plate cans.

6. In the test cans coated with enamel on inner surface of ends and both flanges of body;,
tin was dissolved at lower rate, and dissolution ot tin started from the edge of enamel film
covered the upper circumfernce of can body.
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Table 1 Kinds of test cans. (can size=No. 5)

!\\}iind of nn plate | { ‘ i
T | HD. | ET 100 T.U. 4100 | ET. 2100 | T.U. 2100 | E.T. 425

[

| maker of tin plate\j : | i \

| X A‘[ A b , G . D | @& : DT

oy | B E | H E' | H X

| z i c ‘ F — F’ ’ - . F
note . * . * mark were coated with enamel on the inner-surface of ends and both flanges of

body eith width of 14mm. for purposes of preventing liquid line corrosion in cans.
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3. HBRERBLIUESRE Table 2 Sugar concentration, pH value and acidity of the test
packs after the storage of ¢ months at room temp.

KETe FAMEFRL-HED Sample 1 Sugar % pH I acidity (citric acid) %
$EpE, pH, gEEE+ Table 2 K | 188 | 32 [ 1.0
TR s | 8.0 | 3.3 ) 0.8
3.1.H & K

AR OEEE R RHEELE{tRED ks DT, 37°C WEROHER OEBLER
B0°CRBIAHEEICHREL oER% Table 3 1R,

Table 3 Changes in can vacuum during storage.(n=3)

months

K. (37°C. storage) cm,/Hg S, (87°C. storage) cm/Hg
andot™S~ o | 1 3 6 | 13 o |t | s 6 | 13
A 239 | 217 | 192 | 97 ! + | 292 | 207 | 287 ] 18a | +
B 93.7 | 23.6 | 20.2 | 13.5 | 4.2 | 314 | 20.7 | 25.3 | 16.4 | 10.7
c 22.3 | 23.3 | 20.2 | 14.9 | + | 27.7 | 3.0 | 25.5 | 21.1 | =+
D 23.7 | 23.1 | 19.6 | 8.7 | 4.0 | 31.6 | 3.3 | 27.3 | 22.4 | 1.0
E 219 | 201 | 17.0 | 4.8 | + | 30.0 | 28.8 | 242 | 168 | +
F 22.0 | 23.1 | 198 | 8.0 -+ | 8.1 | 81.0 | 24.6 | 21.4 | 6.5
G 92.3 | 23.9 | 19.4 | 8.7 | 49 | 27.9 | 30.9 | 26.9 | 21.6 | 10.0
H 19.7 | 23.8 | 160 | + + || 246 | 2001 | 106 | 9.3 | +
D’ ot.7 | 22.5 | 19.4 | 8.5 | 9.6 | 30.2 | 28.5 | 26.1 | 21.6 | 10.5
B a2 | o9 | 190 | 60 | 10 | 2.5 | 291 | 305 | 245 | 9.4
F' 1ooo1 | 223 | 20.2 | 7.8 1 47 || 28.7 | 29.9 | 24.6 | 21.8 | 12.5
G 207 | 23.3 | 17.2 62| + | 292 | e7.7 | e7.3 | 213 |+
H 19.2 | 22,1 | 172 | 5.2 | o+ | 28.9 | s0.9 | 275 | 180 | +
D” 20.9 | 22.1 | 18.6  + + I a0.0 | 20.7 | 27 | o+ +
E’ 0.0 | 107 | 176 |+ SRR +
F” 21.3 | 22.9 | 20.6 \ + + | 287 | 2009 | 280 | + +

HEFERBRALETLTW3. 37°C 6 YAIFEX Tk E.T. $250D”, E'F” il&fKFERHE
Thok. ¥k, 37°C BHAKBK TR, KEERE EL, TARNEHIERMELERIE
EBEL TV,

B RS FOETERBYHETH L, 37°C, 3HART TR, AFL L ARERE
OHVHENBFCHD. Lorl, ~y FAX—2Q0oBOREERF» HRPAHTL T, HKE
DEENSL D L BMITKEREYET IOLEADBNRS.
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Table 4 Changes in the amounts of tin and iron contents in the products packed in the “K"” can

during storage at room temp. (n=3)
x months 0 1 3 6 12
m Sn. ppm | Fe. ppm{ Sn. ppm | Fe. PPm | Sn. ppm | Fe. ppm | Sn. ppm | Fe: ppm | Sn. ppm | Fe. ppm
A 54.0 1.6 | 61.8 1.6 | 69.6 3.4 | 64.6 3.8 | 92.0 4.2
B 55.4 1.0 | 59.2 1.2 | 71.8 3.0 | 80.2 4.6 | 100.6 4.2
c 60. 4 1.4 | 63.0 1.4 | 69.4 2.8 | 79.8 4.0 | 100.4 4.0
D 50.0 14| 536 1.2 | 6386 3.8 | 78.0 5.2 | 95.8 5.2
E 52.6 1.2 | 51.0 1.0 | 64.6 3.6 | 85.4 5.2 {103.8 5.1
F 48.6 1.2 | 53.0 1.2 | 63.6 2.4 | 74.4 5.0 | 99.6 5.8
G 49.6 3.6 | 53.8 2.6 | 59.2 2.8 | 74.0 6.2 |100.8 6.5
H 60.2 3.4 | 48.2 2.6 | 63.4 4.2 | 95.8 8.8 [105.8 | 10.0
D’ 35.2 1.0 | 387.2 2.0 | 44.8 3.4 | 60.4 5.4 | 77.8 6:0
E’ 31.4 1.4 | 32.8 1.8~ | 43.8 4.0 | 55.2 5.6 | 76.8 5.6
F’ 32.6 1.4 | 3.2 1.6 | 47.2 2.6 | 52.0 6.0 | 63.2 5.9
G’ 28.0 5.8 | 29.2 2.8 | 34.2 3.0 | 54.2 7.0 | 66.4 9.2
H' 26.8 30 | 30.4 2.4 | 46.8 3.6 | 67.4 8.0 | 80.6 8.4
D’ 31.2 3.0 | 30.4 2.8 | 44.0 3.8 | 55.8 8.0 | 71.4 8.1
E" 30.8 1.8 | 32.0 2.2 | 41.0 3.0 | 64.4 6.4 | 71.6 6.5
F 35.0 38 | 33.8 2.6 | 44.8 3.8 | 61.8 8.4 | 70.2 8.1

Table 5 Changes in the amounts of tin and iron contents in the products packed in the “K” can

during storage in an incubator of 37°C. (n=35)

l months | 1 3 6 13

|MI Sn. ppm L Fe.ppm | Su.ppm | Fe.ppm | Sn.ppm | Fe.ppm | Sn.ppm | Fe.ppm

' A | 722 2.2 94.6 2.6 220.0 6.0 564.6 | 17.6
B 73.0 2.2 107.2 2.6 237.2 4.4 588.4 14.6
C 72.6 2.2 101.0 3.0 190.0 5.6 475.2 20.1
D 73.4 2.2 115.8 2.8 211.0 5.0 492.2 11.1
E 74.4 2.2 137.8 2.6 312.0 5.8 632.2 228.2
F 73.6 2.0 110.0 2.8 234.4 5.6 524.2 22.5
G 58.4 3.4 98.0 2.8 197.6 8.6 442.8 12.7
H 70.0 3.6 135.4 3.2 311.8 10.8 584.8 285.0
D’ 52.4 2.8 69.8 2.6 171.8 6.4 324.2 17.5
E’ 49.8 3.8 63.2 3.2 163.6 6.2 377.4 32.5
F’ 49.2 3.2 65.4 3.0 145.8 7.0 302.6 19.7
G’ 46.4 3.4 73.4 3.0 150.0 7.4 — —
H' 53.0 3.6 84.8 3.2 205.8 8.6 — -
D” 51.8 3.0 72.0 2.8 —_ —_ - —_
E” 60.8 3.4 99.0 3.4 — — — —
F* 52.14 3.4 75.0 3.4 - — — —




Table § Changes in the amounts of tin and iron contents in the products packed in the «S" can

during storage at room temp. (n=35)

\ months 0 1 3 6 l':Z

Kinds \ Sn. ppm | Fe. ppm | Sn. ppm | Pn. ppm { Sn. ppm | Fe. ppm | Sn. ppm | Fe. ppm | Sn. pptniFe. ppm
A 43.2 2.0 54.8 2.2 67.6 2.6 94.2 4.8 104.8 4.6
B 45.0 2.2 71.6 2.0 70.8 3.2 78.2 4.6 i06.8 4.8
C 52.4 1.6 58.2 1.8 62.8 2.6 71.2 5.0 94.8 5.1
D 42.4 1.8 51.2 2.2 60.4 2.4 66.2 5.4 96.1 5.4
E 44.8 2.0 54.0 2.4 67.4 3.2 | 103.0 5.8 129.6 6.0
F 43.6 1.8 58.0 2.0 60.2 2.8 94.8 5.4 101.2 5.4
G 45.6 2.6 49.2 2.4 63.2 2.6 91.4 5.2 95.0 5.8
H 39.8 2.4 67.2 4.2 84.8 3.8 102.2 8.0 167.4 | 11.4
D’ 23.2 1.0 35.4 2.4 40.6 3.0 56.8 5.2 76.4 5.0
E’ 27.8 1.0 40.0 2.2 46.8 3.6 70.0 6.2 87.0 6.9
F’ 23.4 1.2 37.0 2.4 37.4 2.8 59.0 6.0 73.8 6.7
G” 22.8 2.0 31.4 2.4 38.0 2.4 61.8 6.0 80.6 6.7
H’ 21.8 2.4 38.2 2.6 43.4 4.4 72.0 6.4 93.6 | 10.0
D" 30.6 1.8 | 35.2 2.4 | 54.0 2.2 | 66.6 7.6 4.0 | 1.7
E” 26.8 1.8 36.6 3.4 41.4 3.0 70.4 | 8.2 85.8 8.9
F~ 25.4 2.4 35.6 2.8 40.4 3.8 85.0 ‘, 8.4 70.0 8.9

s

Table 7 Changes in the amounts of tin and iron contents in the products packed in the “S” can
during storage in an incubator of 37°C. (n=3)
,\months.l I1 3 | 6 13
’kin ds \i Sn.ppm | Fe.ppm | Sn.ppm | Fe.ppm I Sn.ppm | Fe.ppm | Sn.ppm | Fe.ppm
A 7 61.4 1.6 88.2 2.0 184.2 7.2 518.6 33.7
B 74.4 1.8 108.8 2.6 197.0 5.0 5565.0 11.3
Cc 57.2 2.2 86.2 2.8 173.6 6.0 528.6 18.7
D 63.8 2.2 106.2 2.6 185.6 8.2 515.2 18.9
E 64.6 1.6 128.8 2.6 265.2 7.6 666.2 143.2
F 65.6 2.2 115.0 2.6 211.8 6.8 546.0 15.6
G §1.6 3.0 96.4 3.0 181.4 7.8 447.2 12.6
H 79.4 3.2 171.4 4.0 278.6 10.2 711.6 238.6
D’ 43.0 2.8 60.0 3.0 115.2 5.6 342.0 11.7
E’ 43.0 3.0 65.0 2.8 115.0 6.2 381.6 14.4
F’ 44.4 3.0 35.6 2.8 97.6 6.4 294.8 15.9
G’ 43.4 3.6 62.6 3.0 120.6 8.6 - —
H' 49.4 3.2 65.0 3.2 192.4 6.4 et —_
D’ 41.2 3.6 51.8 3.4 - —_ —_ —
E” 51.8 3.6 75.8 3.2 — — — —
F’ 44.4 3.6 «65.2 3.2 — - - —
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Fig. 8 Internal corrosion of H. D. tin Fig. 9 Internal corrosion of H. D. tin.
plate can after storage for 6 plate can after storage for 13
months at about 370°C. months at about 370°C.
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Fig. 10 Internal corrsion of E. T. #[00 Fig. 11 [nternal corrosion of E. T. #100
tin plate can after canning. tin plate can after storage for ¢
months at about 37°C.




Fig. 12 Internal corrosion of E. T. 100 Fig. 13 Internal corrosion of E. T. 100 tin plate
tin plate can after storage for can combined with enameled ends after
13 months at about. 37°C. storage for one month at about 37°C.

Fig 14 Internal corrosion of T. U. #(00 tin plate Fig. 15 Internal corrosion of E. T. %25 tin
can combined with enamsled ends after plate can combined with enameled
storage for one month at about 37°C. ends just after canning.

3. 3. 3. ET.$100, T.U.$100, E.T. $25mifll% (D', E/, F'*G’, H'+ D", E’, F")
WFR LK E AR OB ARPIEENS 2, RORBROBRE L D BSHsETS 5. < OB
ET. $25 CREBEXBECE bR TH 5.



4, B #
$7°C 13 7 BEBE L 2 BHH{ESE, HEEDOS - o HE T BMEEOR W EBE LT
Wiz

7z.
2. ERLAAKFBROSHALER, HD.s ko E.T. 2100, T. U. $100 & 3 100ppm BT
- BB, ICI3AAFBROHAHRR 500ppm P LT B, HEHEREHEOBHESRDSS, &
BHAREL TR, IIPCHBR CRBEFER D45, D 5 SNy 5.

3. ITCHBXLY, BANBREARCHEAL, EEFBERLOENAKEL XS, O L
5T CHERAZTORERERKE, 3TN LOFERBYTRI <& TH 5.

4. ENEORSHFAETL, SEICHT5HOREEAY R s LeFNBRAREAL,
KEREREL 5. KEBBEROBBHE R, 25rpmRAETH - .

5. 7I1xrkowTi, EET. £25 7Y 3 nBensc b, EfiF#FENc3EEcemw». H.D.
TYFLET 3100 7Y * REREEOSAEHEOEIED SR,

6. HfIREXHELADORGHURRDRV. Lo L, BEOERE, LRSI ETFT 5.

HHAFROBES, WEL*Bb-ok X EYH EHASHPIRBOHRK, &I UCRALFHAT
B, ABBE LBER, Ik, BERcEBIE-EHXATE, ZHaFRCRBHEL

7.

X 13
(1) Lueck, R. H, Brighton, K. W. ; Ind. Eng. Chem. 36 332 (1944)
) FE, AF  BRERETEEEDITEEYE, No. 41 (1956)

(3) 5%, R, HE:EEEREBE FiIgs, B3I, No.o 21 (1954)
(4) R. R. Hartwell : Advances in Food Research. 3 328 (1951)

(5) /NH, 2k frsesdg, 38(8) 49 (1959)






