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Effect of Plated Metals and Cr Contents in Steel on Corrosion Behavior of
the Metal Plated Sheets in Methanol Fuel

Seijun HIGUCHI, Toshinori M1ZuGUCHI, Ken-ichi ASAKAWA and Toshinori KATAYAMA

Synopsis :

In order to develop the metal plated steel sheet for alcohol fuel tank corrosion of metals in methanol
solution and effect of chemical composition of steel on corrosion behavior of surface finished steel were in-
vestigated.

Tin and nickel have corrosion resistance in methanol solution. In methanol containing formic acid, tin
and nickel have nobler potentials than steel, so they have no ability of cathodic protection for steel. Tin or
nickel plated steel corroded at the defect of plating layer in methanol containing formic acid with the yellow
corrosion product. To avoid this phenomenon, using of chromium added steel as base metal is effective.
Immersion potential of steel shifts to the noble by addition of chromium. The surface of steel was investi-
gated by elipsometry method and X-ray photoelectron spectroscopy method. And it is presumed that chro-
mium added steel has corrosion resistance for methanol containing formic acid by the formation of Cr,03

film.

Key words : alcohol fuel ; methanol; Cr added steel; formic acid; corrosion; cathodic protection; elec-

trochemical measurement ; surface analysis.
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Table 1. Chemical composition of specimens (wt% ).
Chemical composition
Sample
. C Si Mn P S Cu Ni Cr Sn Zn Fe
Sn ND ND ND ND ND ND ND ND 99.9 ND ND
Ni ND ND 0.19 ND ND 0.45 0.16 99.0 ND ND 0.02 0.06
Zn ND ND ND ND ND ND ND ND ND ND 99.99 ND
Al-Si ND 9.4 ND ND ND 89.1 ND 0.09 0.04 ND ND 1.38
Steel 0.052 0.017 0.21 0.011 0.010 0.042 0.01 0.02 0.06 ND ND —
ND : Not detected ( <0.01 wt%) — : Not measured
Table 2. Chemical composition of steel specimens tested (wt%).
Chemical composition
Steel -
C Si Mn P S Al Ti Ni Cr Cu Mo
3% Cr added 0.003 0.02 0.20 0.011 0.004 0.039 0.12 <0.01 2.96 <0.10 <0.10
5% Cr added 0.004 0.02 0.24 0.012 0.005 0.040 0.15 0.06 5.53 <0.10 <0.10
7%Cr added 0.003 0.01 0.18 0.008 0.004 0.038 0.10 <0.01 7.20 <0.10 <0.10
9% Cr added 0.003 0.01 0.19 0.009 0.004 0.036 0.10 <0.01 9.09 <0.10 <0.10
11%Cr added 0.006 0.48 0.36 0.020 0.003 0.062 0.32 0.07 10.71 <0.10 <0.10
Py . . X-Y
Table 3. Composition of methanol solutions. Potentiostat =
Recorder
No. Composition
1 Methanol alone
2 Methanol containing 0.1 vol% formaldehyde
3 Methanol containing 0.1 vol% formic acid
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Fig. 2. Effect of impurity in methanol on the

weight loss in immersion test.
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Fig. 3. X-ray diffraction pattern of the
corrosion product of Fe after the immersion
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Fig. 4. Comparison of E_,, value of metal in
methanol containing various impurities.
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Fig. 5. Effect of the formic acid content in metha-
nol on E,, .
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Fig. 6. Time variation of corrosion current densi-
ty for the coupling system Sn-Fe or Ni-Fe in
methanol containing 0.1% formic acid.
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Fig. 7. Effect of Cr content in steel specimen on
E,,,. in methanol containing 0.1% formic acid.
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Fig. 8. Effect of Cr content in steel specimen on
the corrosion current density for the coupling sys-

tem Sn-steel or Ni-steel in methanol containing
0.1% formic acid.
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the enclosure cup test (Metha-
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Fig. 10. Polarization curves of steel of different Fig. 11. Polarization curves of steel of different

Cr content in methanol.
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Fig. 12. Polarization curves of steel of different
Cr content in methanol containing 1.77 g/l sodium
formate.
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Fig. 13. Time variation of refractive index and
thickness of oxide film of steel of different Cr con-
tent in methanol containing 0.1% formic acid (K,
values shown in figure show extinction index).
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Fig. 14. Surface analysis of low C steel and Cr
added steel by XPS.
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5. L7A5o7T, Cre03 BEIZX BEVEDEVHE
WIiZEXFBEH A Y 7 —VHICBV AT NT
whHEkEZLNL.

4. & B

R F ) — VBRE o B (2 B T Bk 2 SR ALIESRAR 0 B
ZEAAMBE L, BEAHDEELAY ) —VHPIIBITS

SBOWEEICO>VTRFE2T- 7. TOKR, Sn B
XU Ni P ERCTChATWwAZ L 2HRLL. 2h
SOEBEWEL - ERLEREIITREAAY /-
mTILEDERESTRENRZ LD, ILEONEE B
B LCTRPAD CrifMOEEERETL, X0l L%
B & iz L7z,

(1)EWPOBEBELIIA Y ) — VHRAFERZIRINT
LI XDBRLHFACKIT TS, F0OH, Do ER
We LTEBMEHEA L7 Sn BXU NI © - S8R
FEEHAY ) — VPl TILREDEREEZ AT 5.

(2)THMKIC Cr EEMERAVA Z LICE ) ¥RE
HAY = TOHY— FRENPIRRL2A. IR
PER Cr &R Sn oo T 5wi% ULk, Ni
o T 11 wt% BLETH S,

(3)Cr GEBEFMEB A Y/ — VHIBVTEHE
THLDRIREOBALEOREHIC LD LAHEES L
7. Owt% Cr SAMTIE Fe,05 # Eh L THBILIRET
H0, 5wt% Cr EHMTIE a Fex03 & Cry0;3 DRE
WX AL, 11wt% Cr SAMTIE S 51T Cr03
HEOBVELETH S Z L OHEE S N
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