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Effect of Cr Contents in Steel on Corrosion Behavior of the Metal Plated Sheets in Can

Seijun Hicucur and Toshinori Katayama

Synopsis : In order to develop the metal plated steel sheet with excellent corrosion resistance for drinking can, we studied corrosion
behavior of Sn electroplated sheet and TFS sheet under corrosive environment in the can and effect of chromium added

steel as base metal on corrosion resistance.

As a result, it was proved that corrosion resistance of these electroplated steel sheet is increased with increase of

chromium amount contained in the steel.

Furthermore, as a result of analysis of oxide film property on steel surface,

it was presumed that coating property of Cr,Os; base coating film is superior with greater than 7 wt% of chromium
amount and is apt to form stable passivation film in aqueous solution of phosphoric acid and citric acid, becoming one

of factors for improvement of corrosion resistance.

Key words : corrosion resistance ; electroplated steel sheet ; Sn electroplated sheet ; TF'S sheet ; chromium added steel ; drinking can ;

surface treatment ; coating.
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Table 1. Chemical composition of steel specimen

tested.
Content (wt%)
Steel

C Si Mn P S Al Ti Cr
Low C 0.005 024 0.15 0.018 0.004 0.087 0.102 0.00
1wt9% Cr 0.0056 0.25 0.15 0.019 0.004 0.078 0.100 0.90
3wt% Cr 0.005 0.26 0.16 0.020 0.004 0.079 0.107 2.93
5wt% Cr 0.005 0.26 0.17 0.022 0.004 0.075 0.105 4.94
7Twt% Cr 0.006 0.25 0.16 0.021 0.004 0.090 0.11 7.30
9wt9% Cr 0.006 0.25 0.16 0.021 0.004 0.090 0.11 9.20
11wt% Cr 0.006 0.24 0.15 0.019 0.004 0.080 0.10 10.9
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Table 2. Composition of corrosive solution.

No. Composition (wt%) pH
1 0.5% Phosphoric acid (HsPO.) 2.8
2 0.5% Citric acid (CGHBO7) 2.8

0.5% Citric acid (CsHsO7) - 2.8

0.5% Sodium chloride (NaCl)
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Fig. 1. Effect of Cr content in steel on the Fe dis-

solved of Sn electroplated sheets and TFS
sheets immersed in various 0.594 solutions
with N, gas bubbling for 120hr. (Each cross
cut test piece has sealed edge and sealed
bottom surface.)
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Fig. 2. Effect of Cr content in steel on the corrosion

resistance of base steel immersed in various
0.59% solutions with N, gas bubbling for
366hr. (Each test piece has sealed edge and
sealed bottom surface.)
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Fig. 3. Effect of Cr content in steel on the corrosion
current density for the coupling systems Sn-
Fe and Cr-Fe in various 0.5% solutions with
N, gas bubbling.
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Fig. 4. Cr,0O; content in oxide film of steels of
different Cr content.
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Fig. 6. Time variation of refractive index (n,) and
thickness (d;) of oxide film on steels of
different Cr content in 0.5% H;PO, solution
with N, gas bubbling.

k; values shown in figure show extinction index.
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Fig. 7. Time variation of refractive index (n;) and
thickness (d,) of oxide film on steels of
different Cr content in 0.5% CsH;O, solution
with N, gas bubbling.

k, values shown in figure show extinction index.
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Fig. 8. Time variation of refractive index (n,) and
thickness (d,) of oxide film on steels of
different Cr content in 0.59% CsHz0,~0.5%
NaCl solution with N, gas bubbling.

k. values shown in figure show extinction index.

Table 3. Complex refractive index of different iron
oxide compounds and different chromium
oxide compounds.

.. ) Complex refractive index
Composition of film (N»=n5— ki) Reference
3.46—1.07 1 10)
a-Fe:0s 3.20—0.971i 11)
2.88—0.378 i 12)
_ 2.8—0401i
Ve Fe:0s 25—034 i } 13)
2.58—0.28 i 11)
Fes0. 250—0.31 10)
2.39—0.249 1 12)
25—0.021
Fe(OH)x or 22—0.11 13)
FeOOH 21—-0.171
1.9—0.04 i
Cr20s 2.55 14)
CrOOH 2.0—0.005 i 15)
Cr(OH) s 1.620 15)
JETROECIE CRELERFRI TR I NS, 2L T, 2

TORPIERE I BERERT IS b 12 Y LE TR O AR 2 Bk 4
HIREREL L TIEAT 3, ZORBEOXREERL 2DE
3 #%Table4iiRT, %72, Fig. 53 s7 7 — Faik
CE WV ERIN 2 REREEEOREERF LI UREEID
HIEFRER S O D e TERT 5, 2OEPLLY
5E51, INLDOBEIKIERPT 7TwtBCriies & F11
wtXCril s T 2 KIEORFER L 2DE 3L, 7 /—F
SRR E VAERT AAEERKD 2 Ci3E—8%T 5. L
1> T, VUEBBL T2 VEEKERP IS VT Twt%
Crifl L 11wt % Crf iz 225 L 7o ZREEIL, Cr,0, & /KiEHE



Table 4. Complex refractive index and thickness of
film on Cr added steels in the various
corrosive solutions with N: gas bubbling.

Films after Passive films formed
Cr dipping for 4hr  {by anodic polarization* )
Corrosive | Content
solution in  [Complex ppiipnes| COMPEX bppickness
steel |refractive index @ refractive index &)
(szﬂz'kzi) (N:a:nz‘kzi)
0.5%HsPOs| Twt% 25—041i 82 24—041 83
solution 11wt% | 2.6—0.41 80 26—041i 65
0.5%CesHsO7| Twt% 24—041 80 23—041 69
solution 11wt9% | 25041 76 25—041 66

%) Passive film was formed by anodic polarization at 0.500 V.

hTHER S N2 y-Fe,0, REKMEED 6 Ik 5 NMEBRIRTH 5 L
HEINS, 2LT, ZONEREPHIROEREFEL
(PFILIZ b D EH L LN B,

—%, 7T BE-EERKERP G TIE, 7TwthCr
S KA THER S NLIZCr,0s b y-Fe, O REED 2D % X
OWRT—EMBEEEL, ZOMREESHMT 5, Ly
L, SR & b BSR4 L, KFEERD RO ALK
M, a-Fe,Ox \ZHST 2 &% RT L 52k 5, —H, 11
Wt%Crii IR DEM I L UM OBERI- L b LS ER
RO IR bV HIRII NG, Thbb, 7
T VBB RRIEHE T IZ 1 ACrEfECl- DAL L VA
EIRE R TR 3 L2 w25, SR 2 5 5 Cr,0, REED
AR IEEOE R I L Y BRI NS,

DL, YV AMY =L BB OE MR &
RN O © TORIER R, AROREEHORET
HRPFELCHEHATIZDTH- 12,

Dok 5, HREERETORMECE#Om &ML,
FE DR AP TER S N A BB H DCr,0, R B HEDAERK
B O NP TAERI NS KIEOREBERH L - T
BEaAns, Bz, HPCrE 7 wt%ll ORI L E & K
EHERINL DT ONREEERT., 2 OEBIIA
BRERBE LR T 5 ) VR E & P2 = VERKIBHR P TR
ThHb,

4. ¥
f A EBRBE T OSn® - & $iR s & TFSOIf &1 3

SUETHRACHR T OB OC TR 2T, KD#E
RGO IILTC
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(1) ZBFEGRHORBOIBER I THL Y VB, 2T
B & (f27 = Uig-BIEFRKIEE P B 5SnD - 3 IR
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(T NS,
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