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On the Structure of Chromium Oxide Film on the Surface of Tinplate

Shigeyoshi MAEDA, Hiroyasu OMATA, and Hidejiro AsaNo

Synopsis:

The structure of passivated film on electrolytic tinplate by a cathodic treatment in a dichromate solution
has been investigated by anodic potential measurement and Auger-electron spectroscopy.

According to the analysis of the peak shifts between three peaks of chromium observed in Auger—electron
spectrum, the passivated film substantially consists of chromium oxide. Further, a new interpretation to esti—
mate the hydration degree of chromium oxide by analysis of chemical effect of the spectrum was proposed.
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Fig. 1. Anodic polarization curves in a solution of
pH 7.4 for tinplates with and without sur-
face chromium (potentiostatic method).
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Fig. 2. Anodic polarization curves in a solution
of pH 7.4 for tinplates prepared in va-
rious cathodic treatments (galvanostatic
method).
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Table 1. Characteristics of surface chromium on the cathodic treated tinplates.

i\ﬂl\m characteristic Cr-Chem. Electrochemical characteristics
: T Analysi .
\\ o #g7C}r’Isllzs Cr—arnm;nt Cr~ca1(:2. gﬁ?{:ﬁ;y Arrest pot. Sample No
pH \ Temp, cﬁ;;?\\ me/ em 18/ cm % v

2C/dm? 0.55 3.16 0.57 97.8 0.71 Al

45°C 8 0.71 3.46 0.62 114 0.70 A4

. 14 0.75 3.76 0.65 115 0.70 A7

2 0.60 5.98 1.07 - 56.2 0.65~0.70 Bl

90°C 8 1.05 7.64 1.36 72.0 0.65 B4

14 1.05 8.40 1.51 69.4 0.64 B7

2 0.37 2.63 0.47 78.8 0.69 Cl1

45°C 8 0.40 1.92 0.34 116 0.69 C4

6 14 0.50 3.73 0.67 74.8 0.69 CG7

2 0.58 6.66 1.19 48.7 0.65~0.70 - DI

90°C 8 0.77 7.63 1.36 55.8 0.65 D4

14 1.12 8.53 1.52 73.7 0.65 D7
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Fig. 3. Relation between the quantity of surface
chromium and amount of charge in
cathodic treatment.

BILic X o TkdDR/ o aBERZIELEDDTHS.
e, AZV—~F(A 1.4.7, C 1.4.7) 2 BZ L~
F(B 1.4.7, D 1.4.7) LIz, ibpieoD s v~
TR, RIBA (Fv—TA) &, 100% o Eiish®R
TEHML XN 528, BIER (Fv—7B) 13, BiHshERS
{&< BrrrroNn O F — &V (C.E. 56%) 12 VMl & 7>
TW5. Ly LEMERPCEEL TS5 v agld, A,
Bl — 7L R—EHRECH Y, 2OoFDfHIE, »
v AfFEE ((LESHE) Chx5E 1/2~1/4 2@ X
. ZOT LS MICELX NI v AT, BUERIC
BEEL T BdDE, RERHMNBLAEEELA DD LS
BT EERLTWS (BrRITTON Hi5H LT 5D).

U o AOBEEhER, BRI WT 1009 X b/
WHEBO—D2E, 7/~ FEEERT, 59, 2R

Bt ® DB L. (Sn—>SnO or SnO,, SnO—-Sn0,) »i2
THZEITE B,

INDLDRERPD, 7814~ MNEBEMERICOWT, DL
ToXseHEzons.

(1) EEEEL LT, 7o 203 Mot bk
0%, @R CILELBEEIN-b O, L VBEOT7 /) — K
[EREMLEZ TR T &5, Sk (b L IEKMBEEOE
W) 7w ARREA KT, —HRIBAE XS DI
LD BEOBMEZRTZ L5, KMEELY 0 apitiks
HEIND.

(2) owx— b Maszigt GERRA) 55 &,
7 u afFEESEML, PH BE K5 LA T 5. L
2L, MEBESIER IO PH &, & v aAfKE ORI
BALD DI 55 TlR .

3:1-2 FFERLIEDO» vV~ FET

Fig. 413, 79O H YV — RETHBE R LTY
L. Zhhb

(1) BT F2RTT 50 ELELSE (Fhbdb
BRILTTR) &, 72— MUBOBEREL LS L,
BELLA D5, $BEPENEE, 2 ax— Mo
HOBKRETIGEUT, BILTTFREIRS L 528, B
RO ENE, £ OEEIIEE G,

(2) BLTTORTOEC— BT, MEYEE S
WigE, PH BXCRBESE &R, —0.58Vo
BAEZTRT. —HEEAED S OIF, ©— 2 BT, *
DEIT D, »OMBEEELT 5IE LY, —0.58—5—0.72
VBT B, .

(3) ROBLEBETEMONOHEETZ L, o2~
MAED JRED E\v b OTHE SnO, MEREEDE N B

— 19 —



542 g & i

% 64 4 (1978) 5%

-04r pH4

E (Vvs.SCE)

0T 45T
T I T R
Time (sec)

pH6

E (Vvs. SCE)

Time(sec)

Fig. 4. Cathodic reduction curves of the surface
tin oxide in HBr solution of pH 2.8.
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Fig. 5. Changes in surface characteristics of the
cathodic treated tinplate due to a vacuum
heating.
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Table 2. Chemical shift in Auger electron spectrum for surface 7.

chromium on tinplates.
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Fig. 6. Auger-spectrum of the surface film on a
cathodic treated tinplate(A-4).
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Fig. 7. Energy shifts of Cr-Auger peaks.
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Fig. 8. Effect of temperature, pH and amount
of charge in cathodic treatment on a
“presence ratio” of Cr, Sn and O in the
surface film before Ar sputtering.
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Fig. 9. Effect of temperature, pH and amount of
charge in cathodic treatment on a “presence-
ratio” of Cr, Sn and O in the surface
film after Ar sputtering.
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Fig. 10. Relation between surface chromium obtain-
ed by the chemical analysis and a
“presence ratio” of chromium.
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Table 3. Ratio of Auger-peak intensities.
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Fig. 11. Chemical effects (change in peak shape)

of Auger spectrum for tinplates.
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Fig. 14. Hydration degree of the surface chromium
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Auger spectrum.
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Fig. 15. Schematic representation of the structure
of the surface chromium on tinplates.

B D X 9w O/Cr Hps, CryO; & Cr(OH), & CHE
RE b CIETRVWERD Y, SHBHE2E
?5&5%(@6

5. 5 B

Ty EDr v~ MEREMKE, BRILFENTES X
UF =2 2 BFHHICEDOTLER, RDZ EEZH L
iz

(1) EEEIE LT3 MmoKMEMLY v A0 B D
KHE T, KAEEREL, WNEBITEEEKWTIEER
THRIh TV 5.

(2) Zox— MABORRSE, REEHESE ]
(BLKEK), 2o pHBMEL kD &, AREEOKFIR
BN ELD, TOHETIIAEL LS.

(3) BT, MBEORETIE SnO,, &R
DM TIE SnO WAL S HEE X5,

(4) F—D =205 THVTT .0 Ny
HZEICEDT, 7o aRbWOKINBEELREET S
EERRE L.

— 25 —

1)
2)
3)
4)
5)
6)
7)

8)

9)
10)
11)

12)
13)

14)
15)
16)
17)

18)

X 3
S. C. Brrrron: Brit. Corros. J., 1(1965), p.9l
P. Rocguer and P. Ausrun: Corros. Treat-
ment, Protection Finition, 16(1968), p. 229
P. RocQueTr and P. AusBrun: Brit. Corros. J.
5(1970), p. 193
S. E. RavcH Jr. and R. N. STEINBICKER: J.
Electrochem. Soc., 120(1973), p. 735
S. C. Brrrron:  Brit. Corros. J., 10(1975),
p. 85
J. BeckEr: ]J. Electrochem. Soc., 117(1970),
p- 1211
ﬁﬁﬁ;ﬁaa Eﬁ{%?:%: %E%E&f’ﬁ: 27(1976)’
p-
V. Leroy, J. P, Servais, L, HABRAKEN, L.
RENARD, J. LEMPEREUR, and S. 4. COCKERILL:
“Secondary Ion Mass Analysis, Auger and
Photoelectron Spectrometry of Passivation Lay-
ers on Tinplate” Ist International Tinplate
Conference, 1976
T. Margovic and Z. Poviouic: Werkstoffe
Korrosion, 14(1963), p. 947
M., PaurBaix: “Atlas d° Equilbres Electrochi-
miques” (1963), p. 425
FEER, DNEZ, MEBEGR: % 73 BREE&
Bxa, KEWBALESL (1978), p. 273
BLBs&: i, 9 (1971), p. 724
E. N. SoepenBErG, H. G. VrijBurG, and A.
C. SeriT: “Investigation on The Kinetics and
Mechanism of The Formation of Cathodic Di-
chromate Passivation Films on Electrolytic
Tinplate” 1st International Tinplate Conference,
1976
P. Rocquer and P. AusBrun: J. Electrochem.
Soc., 122(1975), p. 861
C. A. SwaveLy: J. Electrochem. Soc., 96
(1949), p. 347
MHEEHR: [&BEEOBESIMLENE] %A05H
% (1962), p. 139
L. J. BriLson and G. P. Ceaser: J. Appl.
Phys., 47(1976), p. 4135
Ph. J. AuBruN and G. A. PennNErA: “Coulome-
tric Determination of the Metallic Chromium
Content in Tinplate Passivation Films” 1st
International Tinplate Conference (1976)




