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Effects of Micro Alloying Elements on Corrosion Resistance in

Ferritic Stainless Steels Containing 26% Cr

Heesan Kim, Nicholas J. E. Dowling, Yong-Deuk Lee

STS Research team, POSCO Technical Research Laboratories

The effects of micro-alloying elements such as Ti, Nb, Al, Cu on corrosion
properties were investigated. The intergranular corrosion attack(IGC) was exam-
ined with several tests such as strauss test, EPR(Electropotentiokinetic Reactiva-
tion), 40% HNO; etching to find out the optimum of the stabilizing ratio( =(Ti+
Nb)/(C+N)). The effects of Al and Cu were studied with inclusion analysis, cor-
rosion tests, passive film analysis. The minimum stabilizing ratio was 9 and the
dual stabilization was required to more effectively prevent intergranular corrosion
attack. The addition of Al and Cu improved crevice corrosion resistance as well as
pitting resistance. The effect of Al and Cu could be explained with decrease of
area fraction covered by inclusion and redeposition of Cu, respectively.

Keywords : ferritic stainless steel, dual stabilization, inclusion, alumium, copper.
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Table 1. Chemical compositions of experimental heats and

commercial stainless steels

(unit : weight percent)

Alloy No. Cr Mo C+N Nb Ti N1 S 0 P Mn Si Remarks
1 26 3.1 0.012 009 0.02 - 0.004 0.018 0.03 0.3 0.3
2 26 3.1 0.012 016 0.12 - 0.004 0.014 0.03 0.23 0.3
3 26 3.1 0.010 018 0.1 - 0.004 0.005 0.03 0.3 0.3
4 26 3.1 0.019 019 0.1 - 0.004 0.006 0.03 0.3 0.3
5 26 3.1 0.013 0.21 0.02 - 0.004 0.007 0.03 0.3 0.3
6 26 3.1 0.012 0.03 0.21 - 0.004 0.005 0.03 0.3 0.3
7 26 3.1 0.011 0.15 0.09 - 0.004 0.004 0.03 0.3 0.3
8 26 3.1 0.018 0.16 0.09 - 0.004 0.005 0.03 0.3 0.3 low AI++
9 26 3.1 0.014 0.16 0.08 - 0.004 0.005 0.03 0.3 0.3
10 26 3.1 0.013 0.15 0.08 - 0.004 0.005 0.03 0.3 0.3 high Al**
11 26 3.1 0.013 0.15 0.08 - 0.004 0.003 0.03 0.3 0.3
12 26 3.1 0.013 0.15 0.08 - 0.004 0.003 0.03 0.3 0.3 Cu®™
13 26 3.1 0.014 0.16 0.07 - 0.004 0.003 0.03 0.3 0.3 high Al*, Cu™
14 26 3.1 0.013 0.16 0.07 - 0.004 0.003 0.03 0.3 0.3 | low Al**, Cu"™
15 26 3.1 0.013 0.16° 0.07 - 0.004 0.002 0.03 0.3 0.3 low AlT*, Cu®™
16 26 3.1 0.007 - - 0.06 0.005 0.028 0.03 0.3 0.3
17 26 3.1 0.009 - - 0.05 0.005 0.004 0.03 0.3 0.3
I 26 1.0 0.013 - - - 0.009 NA* 0.09 0.01 0.24
11 274 35 0.043 - 0.44 2.02 0.002 NA* 0.025 0.33 0.33 {Al:0.44, Cu:0.027
low AlT* :0.005-0.03, high Al* : 0.05-0.13, Cu™ : 0.2-0.5.
NA® : Not analyzed.
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Fig. 1. Results of Modified strauss test(Cu-
CuS04-50% H,S04), boiling for 5 days, followed
by 180° bending: (a) (Ti+Nb)/{(C+N)= 9.2
(Heat No. 1), (b) (Ti+Nb)/(C+N)=27.1 (Heat
No. 3), (¢} (Ti+Nb)/(C+N)}=0(Heat No. 17).
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Table 2. Effect of stabilizihg elements on
intergranular corrosion attack(IGC) after heat
treatment at 620°C for 30min

Alloy No.  HNO; etching C(i}/)i}:, .
1 Shght IGC 1.67
2 No IGC -
3 No IGC 0.60
4 No IGC -
5 Slight IGC 0.43
6 No IGC -
7 No IGC 0.75
8 No IGC -
9 No IGC 0.49
10 No IGC 0.16
11 No IGC 0.68
12 No IGC -
13 No IGC -
14 No IGC -
15 No IGC 0.81
16 No IGC 5.92
17 Slight IGC 2.82
Commercial alloy I  Slight IGC 7
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Fig. 2. Identification of inclusions by EDS : (a)}
Heat No. 1, (b) Heat No. 3.
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Fig. 3. TEM thin foil grain boundary zone after
sensitization heat treatment of Heat No. 1, the
numbers indicating the positions where Cr concen-
tration was analysed by EDS : (a)Bright field, (b)
Cr concentrations across grain boundary.
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Fig. 4. Polarization curves of ferritic stainless
steels in acidic 5SM NaCl solution(pH=0.5) : (a)
Experimental Heats, (b) Commercial stainless
steels.
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Fig. 5. Effect of minor alloy elements on pitting po-
tential in 3.5% NaCl solution.
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Table 3. Atomic concentrations of Cr, Mo, Fe, O calculated from XPS spectrum in passive film(carbon was

not considered)

Take off angle=30°

“Take off angle=30°

Element| a/o° Species [Me ion]/[Me] ratio® |Element| a/o° Species [Me ion]/[Me] ratio®
Metal Fe 1.0 Metal Fe 1.0
Fe Fe?* 2.8 Fe Fe?* 0.77
(2pyp) | 112 Fet 3.68 2oy | 0B e 0.85
Fe(Me)O, 1.0 Fe(Me)O,* 0.25
Metal Cr 1.0 Fe Metal Cr 1.0
Fo Cr;04 9.58 (2paj2) Cr,0s 4.83
(2p3)2) 10 Cr(OH), 3.73 14.76 | Cr(OH); 1.93
32 Cro, 1.84 CrO; 0.8
Cr0,* 0.84 CrO~ B 0
Metal Mo 1.0 Metal Mo 1.0
Mo MoO, 0.9 Mo MoO, 0.38
(3d) 0.36 | Mo(OH), 0.072 (3d) 0.73 | Mo(OH), 0.67
MoO,2~ 1.0 MoO,% 0.42
MoO, 0.75 MoO4 0.38
0] 0]
(1s) 71.7 - - (1s) 65.3 - —

¢ atomic concentration in percent.
¢: Me in Fe(Me)O, indicating Cr or Mo.

b : The ratio of the metal ion concentration to the metal concentration.
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Fig. 6. Results of XPS analysis in 26Cr-3Mo fer-
ritic stainless steel(Heat No. 16) : (a) Depth pro-

file, (b) Mo-3d spectrum.
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