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The Corrosion Evaluation Tests for Tinplate

Synopsis:

Yoshiaki SHIMIZU and Iwao MATSUSHIMA

The Alloy-Tin (ATC) and Iron-Solution (ISV) tests are generally accepted to evaluate the corrosion
resistance of electrolytic tinplate in plain cans for moderately acid foods. The relative potential differ-
ence between alloy-layer and base steel, which mainly depends upon the electrochemical characteristcs

of steel, plays an important role to these test results.

It is also described that the corrosion resistance of tinplate can be measured by means of proper
evaluation ways, such as newly developed ASC(Alloy-Steel Couple), TAC (Tinplate-Alloy Couple)
tests and polarization technique, which directly correlated with each corrosion process of tinplate in

plain cans in moderately acid foods.
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Table 1. Chemical composition of steels.

C ’Mn ( si | s | P | cr lol Al
K1 | 0.06]0.34 | 0.02 ] 0.013 0.011] 0.027 0.070
K2 | 0.04|0.28 | 0.02 | 0.011] 0.013| 0.028| 0.050
R2 |0.04|0.40| — |o0.0140.012 — | —
R8 |0.03|0.40| — |0.014 0.012 0.020 —

* FEfn 54 45 10 BARAHEASIICCEE W@ 54 4 11 55 %4 (Received Nov. 5, 1979)
** B ARPE (BR) B 77 (Technical Research Center, Nippon Kokan K. K., 1-1
Minamiwatarida-cho Kawasaki-ku Kawasaki 210) Co
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Fig. 1. The apparatus of detinning system (A:DC

Current Supply, B:Potentiometer,
C:Recorder, D:Counter Electrode, E:Sam-
ple Electrode, F:Salt Bridge, G:Reference
Electrode, H:HCI] solution, I:Cell.)
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Fig. 2. The apparatus used to carry out ASC test
(A:Zero Resistant Ammeter, B:Recorder,
C:Cell, D & E:Sample Electrode, F:Test
Solution, G:Water sealed, H:Gas Bubbler.)

Al 5 5ETHSD. (o opBA, BR-E
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FlETd 5. 7k, BANL, TTHMD v 2 VERE
BTH5. Eiz, SRCIRSFRRCH BRI, T
BRAERRASE L1 A Lk B K Uik & SR L.
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Table 2. Immersion test results of steels in

Table 4. ATC and ISV test results of tinplate

Citric-Acid solution. steels.
0.459, 0.1M ISV value ATC value
Citric Acid Citric Acid K1 1.6 ug/3in2 0.239 pA/cm?
K2 1.5 0 219
Kl | 1.16mg/cm? h 1.67mg/cm? h R2 3.1 0.179
K2 1.15 1.58 RS 4.5 0.182
R2 1.16 1.66
R8 1.45 1.65
48h. at 30°C A
Table 3. Immersion test results of steels in
oxygen free acid solution for 48hours.
‘ A\ B | ¢ D . E i F
K1|0.08{1.08(8.85| 0.06 | 0.33 | 0.18 E

K210.6710.91|8.13] 0.66 0.38 0.19
R2,0.7211.32|13.10 | 0.85 0.41 0.22
R8|0.88|1.29 |14.99 | 0.89 0.41 0.21

(mg/cm?-h)

soln. : 0.IM-Malic Acid

: 0.1M-Citric Acid

: ISV test soln.

:0.35%-Citric Acid+0.1%-Malic Acid
: 0.45%-Citric Acid

: 0.1M-Citric Acid+100ppmSn

mEEQW >

TVEHED pH 28 2~4 DEIFICH B T L BEz N5,
Thabb, BROWEICI VHESOENT B 523, pH
P52 ~4 OEIE, MOBFERISOEEERE S, MR
OB OB EE UTKERER ISICKET
LEBIICY DTV BD. £D7ed, BIDIRIEITRELE
LIMOKEIRABDE DS, $RD FSIREEE I BAIE S TR
LT Wi EELS5h 5. '

W, THCHEUERY BRERL T BERELR
Wi BBEEEIRTIC I 5 BIESR © FERBREE RS
Table 3 TR L7z, BIRRITE DT, HEOMBLT
bH D2, FIxIE ISV HEBRIE (2721, #4144 UFE
AL, BRWTH D), 7= UFE Y v TROIBRIBHSR
ED XS5 Al %oV FROGRIBEFEREDS, Y & Rl Z
NI S/PSWVIEBROFET D Ldbrsb. Thic
¥, MDA RELEE DR W X DR D
&, MBI X 5KBREBEEDOKN, Fi, WOKHE
R Z & RmERS, BEOH* R RN S
BB 25 L EREZLNS.

3-2 ATC & ISV HRICE[FITHOBE

3-2-1 FEA DR

Table 473, EgE Al U FgHE UV A FiZR, 27
NTHELTELDED ATC X * ISV SEERETH
5. A, BB E AW EREDOXTH LD,
BHMIZHBOLD & 21X, KBTS va, BBERED

R
Log i
Fig. 3. Schematic polarization curves of ATC test.
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THOZELRHERLTHS. Tihabh, EeE Al UK
METHETZ25D &, V& REETHETS Fho
i35 &, ATC SEERIZS 0, fin, ISV B
RIEFT<HhTwd. HBREICX Y, 50 EOfEEnss
x50, BRoMEEBEROmIrS AL L, 2onhn
BEETHS. DT, MBRECRY, 50X OHEEs
BESBHBACOWTCBEZRLL L 2T5.

3:2.2 ATC BRBITH T % SR 0 2

ATC S ErBIE, Snt+ A F o380 L—F 0 —
VY2 —AHERNT, IR Cn tR) &7 v4 EBom
CHRNSEREZFHAIL, TOXNCX YLD X DRt fn:
AT 5. MET 5L, KEROH7, —F (b
— FO{N 400 fEomE &) &/ EBEOI Y — R (7 e 4 @)
PHRD VN v FRCiRNS Sn OBERDOK
INePIETHRBMIETH S, DT, TORMERIEIZ, &
NN=y I MERRT 5 WREOBS LEIWE L, +0
WRBEAEINS.

Fig. 313, ATC HREZEIMICE LSRN TH
5. M5, ATC HKERfE i 13, Sn X7 v 4 Bpyy
WS XL O EMEC X DIRESHhS. Sn g, »
V= Rz d 3 & KERTH D55, 77 — R4
INE L, BB OIRIEEN Ead, —EEExTXx
V. BT, BRIEAE Ea-Ed DL, 7 u4fEns
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WSS, ATC SRBRE i 2 XETHC LD,

7 a4 BOB/ARCH Y — oGt EE T 5RT &
LTk, 7wu4 (FeSn, F72i% FeSn 7R L, Sn-Fe &
&RBOHEET. DT, Zhic#ET5) OMkEROM
DESULENEE R EBELLNS. $Tiibb, a4
LMWL AER) BPERNE, THSE—T
P74 BB Y — FEMIY, B5THHS.
Fie, TaAOWMBERSELCTD, THIOMBERER
5L, 7uABOBMON Y — R, R 0H5.
Foft, SMOEEMER, V7 v —ELLH, »0E 0P
BAERELENES &, 7o4 OAEEPERERS I UMW
WERCERZLEL, 7oA BOBEMOY YV — FFEICE
WL THDLS. LTAT, S0 ESOMBEERITY
7 v — i —E Be sz, BRo #ERFOS
b, MOBRICFHERED, ATC HREZELATH L
WG 5.

3.2.3 ISV EREEITHT 5 SAEMR O BE

ISV 5REr 12, O 5 BHEEfEA» SRS &
DT LS ER TR WERER R ABRIC S D S BRIREL,
FOSBHERZEIETHRBRIETHSY. ISV BT
ZEWT, £ XOBEE, KOS KETTS. £ 7
DO XPRO KM RN, HOBEWEBRZD, 7ad
EBRBHTS. COBES e vxh, HOBREHECE
s oD EFDIERP S, SROBERIZIRES.

Fig. 413, HHEHELBEREZR W2 ISV BBk
CEBWT, MESDESHOLRD ANV y RS
BIROFRZE(LE BIE L2 R TH% (Steel-Tinplate
M5, GHOBMBOEN REE &2 EARE TS
ISV ik TiE, $50 0 & O RMMOIHENR R L2 T
3, DBMOIEE B, TinbbiloBREERE
Bhin DO EEOWERCIET HRENICIE, EobhnwT &
bbb, (62T, ISV HEROHFAIL, BRCHIRE

Couple).

— Al killed
argdg - Rimmed

Current (mA)

time (min)

-2 ISV soln.

Fig. 4. The relatipfi;;ai'p between galvanic current
and time of Steel-Tinplate Couple test.
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Fig. 5. Schematic polarization curves of ISV
test.

RTODOEFOWRC I VBER LT oA BLEELTX
V. 7oA BRHEBOROBEHRSICNE, 7a4 LD
MAHD AL LEIMEE RS TS5, chik, 7o4 L
DHNVIN= v o e BRICIFET 5.

Fig. 511, 7wv4 LOBKRE, BERXWCR Lo
RThb. ISV R @owig) 1, [id 2%z
TEWrD, 7uA LMOSRs X O, ISV 3RERIK
FOES Ec & EACXVIRESING. 7 o4 OERE
AR RRASEEE, 1BIE—B L RETHhIE, SROBMBEN
iVx, OB R X OGEEECEEShS. £ LT,
TS DOFEEE, BHMOMEL 7 o1 OMEERR E
RS 5. HE0TC, ISV §ABLE, Jeicil~<7z ATC 3
BRoOLGE L RRCMOEE 2R < KIkT 5. & 5T,
ATC =3Ep1, KEEO 7/ — K E/NEROB Y — B
LIksHN= v I THB DR L, ISV 3BiE, K
HREOHV—FK (7u4) LNERHOT 7 — Frbib
HUN= v o5t ThHD. 2O eV, BESBEMEE
RIE KT 5 RDEREMILE D FHHET S L, BRI
7 a4 OiEMERE LT, ISV B3, ATC 3REx
ZHLTIDEL, MEROREBLRIGTS EHE LN
.

3-2-4 ftEktp ATC & ISV HERED HEHRET
BT O R 7B i k5%, Table 4 OFERZEHTT
%. Table 5%, 2 EHEOENRSR THlE LgiEs Kl
& R2 OREBMUERZRRTHD. BHO AW, Rt
FELTHELA-AREO—ETHS. SDEOHLT
v A EOBMBERICOWVTIE, <L OWMEFN D 235
598, AREBRFERTIT KIAL 20 R~ —2), R2(Y
ARR—R) OF7 o4 BOELZ, WXL ERELZTR
LTw5. %7 Sn OBEAE, ATC BEHOBELIZE
AXF—a —610mV ThH5. 2T, S E2HRT
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Table 5. Results of immersion potential of steels
and alloy-layers in oxygen free acid
solution,

soln. A suln. B

Steel Alloy layer}| Steel Alloy layer

K1 |-524mV |—493 mV |-520 mV |—-512 mV

K2 |-539 mV |[—512mV |—556 mV |~526 mV

soln- A : 0.375%-Citric Acid+0.075%
Malic Acid+ 10%-Sacharose
soln- B : 0.IN-H;SO,+ 100ppm Sm**

10 T T T ] T

1

-07 -05
Potential (VvsSCE)

Fig. 6. Polarization curves of steels and alloy-
layefs in A solution.

L858, 7 v A BB X ORONEABIRE, 5, N,
7oA BOBCELELZEKS. chboffix, B ¥
Snt+ 4 F RIFMLTD, MENECERIE, ZTEHLA
V.

Ao Kl & R2 offici¥BT5%. OB,
Kl $f25 —524mV, R2 $8—539mV 5cH b, Kl i
Fibb Al 0 REOERNE, R2 () A K L 0
15mV FlERYT. 7o4BOEMS, Kl i ~—
RETHHED, RZMER—2LFTE7 ol BioligL
T, #9 0mV 2 EELEEZRLTVS. K1 & R2 %
FNENR—R LT 57 vA BOERLHRMBEERICIL,
EZBRBDLLVDT, 7 a4 BOBAIT, THEHORE
ERBRLTWS EE2TEw. ¥kic Fig. 6 13, Aygdh
kTS5 Kl & R2 offie 7 o4 BOBEMECLS
SHERTHS. Wb, BEBEMEHKRE, K1 & R2

DifiFs X7 v 4 BOSFHRHETIZ, ZRDv. fEo
T, WIHIOMREHER L D, Table 4 1zkiF5K1 + R2
D ATC HBRIEDZEZ, & 7 vA BOBRECRET

5. K1 & R2 @ |Epx-Ed OfE, £hZh, 117mV

L 98mV THY, Kl oF»BH 20mV kX =0
20mV OFERIZEVE, HAEREZKY 25% BERT 5 ic+5 7
ETh5.

Table 5 @ B &, ISV EERWRICIELL U 73BT b
5. B oBMAYRS5 &, Kl iz, -—529mV, R2
vz, —556mV-ThH v, 7 v BoBEA, K1 23-512
mV, R2 2 —526mV TH%. ZoOBRCENTDH,
K1 iy, R2 MV ERBRZRL, 7oA BoBN
b, N—XOBMEZRERLT NS, Fi, KIZEET
555 BWEFzkirs Kl & R2 gHoirfwmiy, e
HEMEZRE, Z28RBDo5hw. L2 57T, ISVRE
HIZFRWT lpg/3in? OEZAT 5 ICET 5 8OSIRE
TEiEry, 7 w4 OMEERS 98% & UL, 9 1.254A
T®H%. Table 5 DER» S, EHECT vt OBELZ
D28, FIEID |Ea-Ed OfEIE, 7u4 EBrmo
BANCERZCHORERBREIE LRV EHETES.
Kl & RZOfE 7 v BOBREIZ, FhFh 17TmV
E 30mV THLH. ZOEBEMENT, Table 4 o Kl
R2 @ ISV ER{ED % 1.6 pg/3in? $inbbiy 2.9pA
/3in? OBWENSECTREHRTRWEL VWL LS.

PlE, "—=2BEEDEE, 74 OMBEERCE
HWBFECTD, ATC HERL ISV GREfE Ric 28534 U
5T EEFA L. FETRE AL, MOBMRESE Tk
SERRLED, MENELNE, ATC 3L ISV
HMERIC X 5 5D EOMtEMFHE, HoOEmERTZ &
whHd. Thix, ATC 3Ere ISV HEROFHEL 5 %
5D SOMEEONED, BinDIDOTHSH T LE2TE
LTwb.

3-3 BMRETEEZNRE LD ZOWAEMTME:
3:3-1 HABES vex LET5EAaRTF
T, EREGOFMITHEZRE LT, EBEE

HBEERNEMETH50 EOHEABE v 2R ic>NT

Mt A 5.

Table 613, BERHEEZNTRE LSV EDOBEREY
2R XUCThicBETHRERT BT S0 &
DEANBFEE, RKCRLXL ST, BOO>XDORMGEE
& L7 OBRICIBED, O~DD T v 22T
BRIV, KERIRGEBED DY = v5 4 72Kk 2
51, D OEEOBRE, FIE Y by 2 —2CR
A L7z NO; 4 30 izfREINSH, ARKOEES
ML FRF B, {EOT, HOIHEL EDOMEIX S 5 725,
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Table 6. Corrosion factors correlated with corrosion process of tinplate in acid media.

Area and the number of
failure on tinplate

Solution (tin acts anode
for steel in this medium

or not)

Dissolution of tin Dissolution of tin from
@ from around the failre——Y——= (@ tinplate coexisting with
of tinplate alloy-layer

Dissolution of steel
through alloy

Steel acts anode,
Alloy acts cathode

Cathodic characteristics of alloy-layer

Potential difference between steel and

alloy-layer

Disappearance of tin which

—>—=> Q) acts effectively cathode —_—
for steel
® Alloy falls off Dissolution
from steel base of steel

Coverage ratio of alloy on steel

Cathodic characteristics of alloy
Dissolution characteristics of steel

Potential difference between steel and alloy

Hydrogen overvoltage
of steel

BORBEH, =T sl —v a2, KERERRED
BAREYRDIBIKRIE, P IBEIhSEEL T
W, TREBEBE 2R ORGTELDE, SRIAT
DB DE 50 X%, Table 6 DO~@D T n k& R
BERBEPTRTTHSH5. Fl—Txb—v a2 r%ET
T, @D FeeRxrAube LTREEREZRTTHS
5L, KEEEFRZ, O~ vt RATEREEZET
LEZLNS. ZORBEML, BERES) EOWE
2, MELEfRTs0T, HT¥LD, EROTrEeRD
Bps, BEFELFECH RTIERWD, BERECE
BERFLEETLIERELRD > 5. 0T, DDBEWFR
FigEINhicl &, BZVBBEL2THAL, @Y
AT EHAl DR E LR B 2 b 721zl Table 6 iR L
AEET 02 RS T HRBRIER LD 2 5, b
BTHY, chii, MERHOBEREREZELPCTS L
Lrdinb.

3-3-2 HNEE T v LT RERBRE

Table 71, 50 XofitRHKEL Table 6 Off
HNEE v RAOMSETR L. 63k, Thh Tt
AUEREREICIY, T oftiic D Pickle Lag 3, TCV 3K
BRI EBE L BB, ZLTRERLEV. SDED
Bav, BR/ILFWCETTS. 20k, S EOE
A3, Table 7 RLAEVWTNROBEE 0 R X 50
FFINSIHI, BRELERFEZMXTERLS S
THAS.

Table 7 ® ISV #HERZ Hlic & A, HERIAEISHRE
RTHIVEEERR-DTO~O®D P v A TEEIN
% ODORBRMOPREBICINEE L 525 D13, @~@

Table 7. Conosion evaluation tests corresponding
to corrosion process (ref-table. 6) of
tinplate in modified acid fruits media.

Test method Corrosion process
?S’l\“]C t;g:t especially
O~®, @ and ®
ASC test ®
TAG test ® and @
Immerfion test of steel @, ® and ®
Immersion test of alloylayer -® and ®
Potenitial measurements ® and ®
Polarization measurements @ and @

Br@oroeztExzbhs. ¥, ATC =B,
O~QFHZ@D T v 2L KL TS, 2T,
ISV #Erix ATC R EF UL 7 v A4 BORMEZ Ok
LTW523, LDBIMOMELZRTENVZIS.

Wiz, ASCEERC TAC 31X, 7 o4 BORME X
DEAREICEHEIL X 5 2T 5 RRIETH B, HiEE, &
OERMIAETNIC B NWT, TaA BrOFVN=y V&
WA 5HETHD, $EL, RULLEDELT B
ARV y VEREFHAT S HETHHW. ASC
REREEZ VWS L Table 6 OFES 0 vt ADO@FEE
CHIE L2528, BIXOERBOARIKE RITERDOR
Wa M5 ERAREE 5. LD, X DEMIT
WMWRILTOERLL DV PVWERHICS TS 704 BOBR
ZHME AR LS 5. 5, TAC 5B, ATCHER
whETsE, T — FoOmEBEMNEL, E7 Sn TiX
RS0 ERERA VNS, Fig. 713, FHWRZELR
ERFRWERICE TS Sn, EVE, zO7 o4 BRBICROD
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Fig. 7. Polarization curves of Sn, tinplate, alloy-
layer and steel in the (0.3759%-Citric
Acid +0.07595-Malic Acid + 109;,-Saccha-
rose) solution.

BEMNEBEC X 25 mRo—flTcdHb. Sn Lo xR
KT 5L, BEBAS, Sn OFRBETHLIL, B
X, BV - FAOGEEEND LEKDTWS. fED
T, Sn LAV ETIE, TOBRMBEHBRELD LEXT
Bv. MR LRt 5, TACKEL, ATC
REBICHELT XVEANBRICEL, TRBREERED
REL, SHIEY EOBMBRMEERIRLTWDS L#E L
Lhs.

Table 813, A~F 6 @BEoBkHIzR 175 ASC
B TAC HABBRO—FITH 5. Kl & R2Hicik
HT%&, Btk T5 ASCHEREL TAC :E
fEiTvx, ISV SABREERS ATC SHKERFER (& .Table 2)
CRLENDIEEDERE DSV, ASC . TAC =t
BRiZ, 7/ —RZZMELED L E DTS5, 5HE
LTWOREE, 7aAfony —FRETHS. o
T, ISV £ ATC B EJEA LR ZR/L T Lwix
FTThsb. RRERESLRD L, ASC REEER1z, ISV
HEBREF CEHMZR L TW5S, ISVERBRERIZEDE
FERDLNIE V. ZhiE, T/ —F L AV —F OHEK
K2, ASC HEBogA1RUTTHY, ISV RBzE©
R, BERIMENShTERL W % LEZ B h
5. Wiz, TAC HEBAERIE, ATCHERIT EDEISR W
AN, EROHIELTWERMDS. TACKERT,
ATC HERIZH L T7 72 — FO bV — Riektt oM
WEAAEL, 7/ —-FREVEZHAVWTVS. 2T, &

Table 8. ASC and TaC test results of tinplate in
various acid media.

TAC test
ASC test (pA
Test soln. (&) (pA)
K1 K2 A B K1 R2
A 34 38 3.2 7.0| 33 3.4
B 6.5 7.8 5.8 13.0 — —
C 4.5 5.5 — — 4.5 4.9
D 71 8.1 — — — —
E 29.0 31.1 — — 20.0 19.0
F 13.5 15.5 — — — —
soln. A : 0.05M-Citric Acid+0.01M-Sodium Citrate
B : soln. A+ 100ppmSn*+
C :0.375%-Citric Acid++0.075%-Malic Acid
+10%-Saccharose
D: soln.C+100ppmSn**
E :0.IN-H,SO,

soln.E +100ppmSn**
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Fig. 8. Polarization curves of steels and alloy-
layers in acid media. (0.3759,-Citric-
Acid+0.0759%,~Malic~Acid 4109, Sac-
charose)
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