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Effect of Cu on the Mechanical and Corrosion Resistance of
Ferritic Stainless Steel Containing Sn

Li Yang', Chen Changyong'?, Fang Yong', Ma Shuai', Zhang Mina®’, Jiang Zhouhua'
(1 School of Metallurgy, Northeastern University, Shenyang 110819, China;2 Department of Industrial and Systems
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Abstract: This study focuses on the investigation of the mechanical properties and corrosion resistance of 430 ferritic stain-
less steel with an addition of 0. 30% Sn, by incorporating varying amounts of Cu into the experimental steel. The results of
room temperature and high temperature tensile tests reveal that Cu atoms act as solid solution strengtheners in the matrix,
enhancing the tensile strength of the stainless steel. However, the formation of a significant amount of Cu-rich phase at
grain boundaries leads to a decrease in the steel’s plasticity. The uniform corrosion resistance of the steel initially in-
creases and then decreases with increasing Cu content, reaching the highest effectiveness at 0. 45% Cu. Similarly, Cu ex-
hibits a comparable pattern in its resistance to intergranular corrosion in the experimental steel, achieving the best out-

comes at a content of 0. 98% Cu.
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Table 1 Chemical composition of raw materials %

SR C Si Mn Cr Sn Fe Cu
Tolk4ligk 0.002 0.10  0.02 - - bal. -
)R 0005 024 - 9927 - 0.160 -
4JE4 0.030 0.01 9980 - - 0.025 -
Tk - 9937 - - - <0300 -
BikL - - - - 99.97 - -
FL figp - - - - - - 99.90
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Fig. 1 Ingot and sampling diagram: (a) shape and size

of ingot, (b) ingot to be rolled, (¢) sampling location
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Fig. 2 Sampling position and size diagram of tensile sample in

hotrolled plate: (a) sampling position, (b) sample size (unit: mm)
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Electrochemical device: (a) electrochemical sample

Fig. 3
schematic, (b) schematic diagram of the electrochemical sys-

tem structure
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Table 2 Chemical composition of the ferritic stainless steels %
i Cu Sn Cr C Si Mn P S T.0 N
No. 0 0 0.30 16.97 0.017 0.35 0.44 0.017 0.003 0.006 1 0.007 7
No. 1 0.45 0.29 16.97 0.014 0.38 0.45 0.018 0.003 0.0117 0.008 0
No. 2 0.98 0.30 17.31 0.01 0.34 0.45 0.010 0.004 0.009 1 0.008 6
No. 3 1.97 0.29 17.03 0.013 0.38 0.45 0.018 0.003 0.009 0 0.006 1
No. 4 2.54 0.29 17.09 0.018 0.39 0.45 0.018 0.004 0.008 5 0.007 8

Fig. 4 SEM results of grain boundary of No. 3 sample :

ﬁﬁ wt%

at%

€ 3.9816.03
si | 0.29 | 0.50
Cr 1629 [15.14

Fo |76.45 |66.18

2.66 | 2.02
Sn | 0.33 | 0.14
BA1 100.00[100.00

K4 No. 3ilHERy S S BI T : (a) AFUESL, (b) S AL RYBERS

(¢) energy spectrum of the matrix.

E |

C
Si

Cr

wt% | at%
10.10 | 34.07
0.23 | 0.33
15.43 |12.03

Fe |71.74 |52.06

Cu | 221 | 141

Sn

K, (o) FEIRBIRETE 4]

0.30 | 0.10

&F1 100.00(100.00

(a) grain boundary morphology, (b) energy spectrum at grain boundaries ,
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Table 3 Tensile test results of ferritic stainless steel bear-

ing tin and copper at room temperature
it e

P

W5 HIEEY% iR FE/MPa JE/MPa i 2/%
No. 0 0.00 0.68 292 432 38.27
No. 1 0.45 0.73 308 423 36.95
No. 2 0.98 0.73 340 466 35.29
No. 3 1.97 0.84 450 535 22.13
No. 4 2.54 0.85 472 555 17.27
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Fig. 5 SEM results of different position in stretching the fracture of No. 3 sample :

face; (b) (¢) energy spectrum of fracture surface

(a) microscopic morphology of the fracture sur-
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Fig. 6 SEM analyze results of fracture of No. 4 sample : (a)

LA R (a) W2

microscopic morphology of the fracture surface, (b) energy

spectrum of fracture surface
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Fig. 7 Morphology of tensile fracture surface of experimental

steel at room temperature: (a) (c¢) (e) (g) (i) macro mor-

phologies of No. 0~No. 4, respectively; (b) (d) (f) (h) (j) mi-

crostructures of No. 0 to No. 4, respectively
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Fig. 8 Tensile test results of experimental steel at different temperatures: (a) tensile strength, (b) yield strength, (d) shrinkage,

(d) elongation
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Fig. 9 The morphology of steel samples after 70 minutes of E10  AE Cu & B S2 i a0 ny 25 J& ph 2

uniform corrosion: (a) No. 0, (b)No. 1, (¢)No. 2, (d) No. 3,
(e)No. 4
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Fig. 10 Homogeneous corrosion and weight loss of experimen-

tal steel with different Cu content
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Table 4 Results of immersion of experiment steels.
LA TR i) 5 1R B /g

iR=2 Ml 5 581%
10 min 20 min 30 min 40 min 50 min 60 min 70 min
No.O 0 46.432 8 43.5059 40.788 3 38.351 6 36.497 3 34.524 7 32.3842
No.1 0.45 48.866 2 48.520 5 48.048 4 47.5959 47.307 5 46.934 6 46.601 2
No.2 0.98 44.803 8 44.080 3 43517 1 43.1535 42.850 2 424394 42.117 8
No.3 1.97 34.8353 34.054 9 33.483 6 33.124 2 32.8276 32.4702 32.1876
No.4 2.54 34.928 3 34.2314 33.601 6 33.1672 32.848 6 32458 1 32.180 4
&5 WHBLEROERAENUAE
Table 5 Corrosion weight loss per unit area of the sample and fitting equation.
- . . Kﬁﬁﬂil‘ﬂiﬁﬁfﬂﬂ@%fﬂﬁéi/(g'cn.fz) . . -
10 min 20 min 30 min 40 min 50 min 60 min 70 min

No.0 0.022 4 0.041 8 0.061 0 0.0815 0.1012 0.1197 0.136 4 y=0.002 0x+0.002 7
No.1 0.006 5 0.017 3 0.032 1 0.046 3 0.0554 0.067 1 0.077 5 y=0.001 2x+0.004 8
No.2 0.014 4 0.0372 0.0550 0.066 5 0.076 0 0.089 0 0.099 1 y=0.001 4x+0.008 3
No.3 0.016 9 0.042 9 0.062 0 0.074 0 0.083 8 0.095 8 0.1052 y=0.001 4x+0.012 6
No.4 0.020 2 0.043 1 0.063 7 0.078 0 0.088 5 0.101 3 0.1104 y=0.001 5x+0.013 3
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< 0s - Table 6 Test results of intergranular corrosion resistance
i g0.0 of experimental steel.
. 0.6 .
= | 20.06) qn Cofr RCPERE B mER wpk SR
go N go.os W%  Bmm®  Jfia/g  Fimlg  Hig gd—l )
& ﬂ #
® o 0 0'.1 012 0‘.3 0“4 - 0 05 10 15 20 2.5 No.O 0 325480 53.5718 532203 03515  54.00
Sty JFi & 534U % Cult) R & 453480 %
o . . No.l1  0.45 3228.99 489182 48.6755 0.2427 37.58
BT Cu Sn Xl S 06 B TUs R 19520 - (a) 430+Sn,
(b) 430+0. 30% Sn+Cu No.2  0.98 323574 493701 49.1981 0.1720  26.58
Fig. 11 The effect of Cu and Sn content on the corrosion rate of
experimental steel: (a) 430+Sn, (b) 430+0. 30% Sn+Cu No3 197 303390 351569 349234 02335  36.08
No4 254 3063.71 37.7878 37.5094 0.2784  45.44
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