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Effect of alloying element to martensitic stainless steel on corrosion resistance to formic acid.
WO ELPE

Mari MIYOSETA

Synopsis: In order to clarify the effect of alloying element on corrosion resistance to formic acid of martensitic stainless steel,

immersion test, measurement of electrochemical corrosion potential and in-situ analysis by Raman spectroscopy

in formic acid solution were performed. The main results are summarized as follows. 0.7%C-11%Cr steel was not

corrosion resistant to 5% formic acid solution at 25°C and general corrosion occurred. However, formic acid

resistance was improved by addition of either Cu or Mo and corrosion loss was decreased with an increase of Cu.

As a result of measurement of electrochemical corrosion potential and in-situ analysis by Raman spectroscopy, it

is assumed that improvement of corrosion resistance to formic acid by copper addition to martensitic stainless

steel is due to formation of copper formate dihydrate as well as ennoblement of corrosion potential.
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Table 1 Chemical composition of the steels (mass%) .
C Si Mn Cr Mo Cu Other
BM 0.705 | 020 | 022 | 11.23 | 0.05 | 0.05 -
15Cr 0.733 0.20 0.21 14.86 Tr Tr —
1.0Cu 0.690 0.24 0.20 11.24 Tr 0.98 -
1.0Mo 0712 | 022 | 021 | 1110 | 1.02 | Tr -
0.5Ni 0.707 0.22 0.19 11.42 Tr Tr Ni:0.50
0.5Ti 0670 | 022 | 020 | 1139 | Tr Tr | Ti:0.54
0.5V 0.723 0.21 0.19 11.48 Tr Tr V:0.51
0.5A1 0.726 0.22 0.20 11.23 Tr Tr Al:0.50
0.3Ta 0.731 0.23 0.19 11.34 Tr 0.02 | Ta:0.30
0.3Zr 0.716 0.22 0.21 11.35 0.02 Tr Zr:0.30
0.3Cu 0715 | 020 | 025 | 11.30 | 0.08 | 029 -
0.6Cu 0.705 0.20 0.26 11.21 0.08 0.58 —
0.9Cu 0.710 | 020 | 025 | 1121 | 0.08 | 0.88 -
1.2Cu 0715 | 020 | 026 | 1123 | 008 | 118 -
1Mo00.6Cu | 0.680 | 020 | 025 | 1124 | 1.03 | 0.59 —
IMol.2Cu | 0.687 | 020 | 022 | 11.18 | 1.03 | 1.20 -
1Mo1.8Cu 0.693 0.20 0.22 11.16 1.02 1.80 —
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Fig.1 Schematic view of flowing solution immersion
test equipment.
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Fig.2 Cell for Raman analysis.
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Fig.4 TEM images of 1TMo1.8Cu:
(a)Low magnification, (b)High magnification.
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Table 2 Results of EDS analysis (mass%) .
Analysis No.
in Fig.4 Fe Cr | Mo | Cu Remark
1 87.44 | 9.21 |0.82]2.07 Matrix
2 87.41 | 9.31 | 0.99 | 1.99 |Grain boundary
3 45.07 | 46.68 | 7.09 | 0.45 Carbide
4 87.51 | 9.28 | 0.92 | 1.88 |Grain boundary
5 86.90 | 9.50 | 1.28|1.99 Matrix
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Fig.5 Corrosion rate of steels immersed in 5% formic
acid solution at 25T.
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Fig.6 Effect of Cu content and Mo addition on corrosion rate
of steels immersed in 5% formic acid solution at 25C.
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Fig.7 Effects of Cu content, temperature and concentration
of formic acid solution on corrosion rate.
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Fig.8 Corrosion rate of Cu bearing steels in 0.1%
formic acid solution at 35T in static and
dynamic conditions.
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Fig.9 Secondary electron image of specimen surface
after immersion in 5% formic acid solution at 25C.
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Fig.10 Relationship between Cu, Mo content and
corrosion potential in 5% formic acid solution
at 25C.
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Fig.11 Raman spectrum obtained from specimen
surface of 1.2Cu, BM and blank in 0.1%
formic acid solution.
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Fig.12 Mechanism of corrosion resistance improvement
by corrosion potential ennoblement.
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