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Effects of high-temperature environment and low-temperature environment on corrosion behaviours of
18Cr stainless steels (type 304L, type 441) in simulated selective catalytic reduction (SCR) environments
were studied using weight loss test in each environment and rust analysis. With time to exposure to the high-
temperature environment, type 441 was more resistant to corrosion than type 304L due to both higher diffu-
sivity of Cr and lower thermal expansion coefficient in a-iron. The former provides a stable protective Cr,O,
layer. The latter leaded to low residual stress between scale and steel, reducing the spallation of the scale. With
time to exposure to the low-temperature environment, on the other hand, type 304L was more resistant to cor-
rosion than type 441. The lower resistance of type 441 was caused by Cr-depleted zone with less than 11%
formed during the pre-exposure to a high-temperature environment, unlike type 304L. It was confirmed by
results from the crevice corrosion test of sensitised 11Cr steel. Hence, to achieve higher corrosion resistance in
simulated SCR environments, ferritic stainless steels having lower thermal expansion coefficient and higher dif-
fusivity of Cr but containing more than 18% Cr are recommended.
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Table 1. Chemical compositions and PREN’s of commercial stainless steels
Chemical composition (wt%)
Alloys PREN
Fe Cr Ni Mo N Others
304L Bal. 17.8 9.4 NA 0.03 NA 18.3
441 Bal. 17.7 NA NA <0.01 Ti: 0.25; Nb: 0.5 17.7
430 Bal. 16.1 NA NA 0.05 Ti: <0.01 16.1
409L Bal. 11.3 NA NA <0.001 Ti: 0.23 113

NA: not analyzed

PREN (pitting resistance equivalent number) = %Cr+3.3"%Mo for ferritic SS; = %Cr+3.3'%Mo+16"%N for austenitic SS

Table 2. Summaries on cyclic dry-wet test conditions

No Type of Stainless Total. exposure Dry environment Wet environment
steel time/h Temp./°C Exposure time/h | Presence of Urea Temp./°C Exposure time/h
1 304L, 441 50 600 2 X 80 0.5
2 304L, 441 50 600 2 (0] 80 0.5
3 304L, 441 50 600 1 X 80 1
4 304L, 441 50 600 0.5 (0] 80 2
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Table 3. Exposure conditions in dry environments

Gas composition/%][ 8]

0,: 7.5; NO: 0.2; NO,: 0.01; SO,: 0.1; CO: 0.05; H,0O: 10; N,: bal.

Urea (in case of addition) [8]

0.04 g per cycle (30 minute)

Flow rate of gas

50 mL/min

Table 4. Ion composition of test solution for wet environment [9]

Ion Concentration/ppm Remarks
Chloride 100
3 Ammonium ion is used as cation
Nitrate 100 pH is adjusted to 3~5
Sulfate 5000

Table 5. Summary on types of specimens used for
immersion test

T f . .
Ipeo Preparation of specimen
specimen

I As-received specimens used
1 Crevice formers applied to both surfaces of as-
received specimens according to ASTM G48.

1 Heat-treated specimens used
v Crevice formers applied to both surfaces after

heat-treatment according to ASTM G48.
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Fig. 1. Weight gain of 18Cr steels before and after scale
formed on 18Cr steels exposed to the cyclic dry-wet test
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Fig. 2. EPMA image and elemental mappings of cross section of type 304L exposedto 1* cyclic test condition
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Table 6. Summary on thermal expansion coefficients of metals and oxides

Material Thermal expansion coefficient/K' Temperature rage/°C Source
Fe,O; 10.8x107 200~ 800 [19]
Fe,0, 12.4x10° 200 ~ 800 [19]
Cr,0, 7.3%10¢ 100 ~ 1000 [20]
Cr,0; 8.5x10°¢ 400 ~ 800 [21]

Type 304L 18.0x10° 20 ~ 400 [22]

Type 430 11.2x10° 20 ~ 400 [22]
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Fig. 10. AES depth profiles of (a) type 304L and (b) type
441exposed to the simulated exhausted gas at 600 °C for 40 h

Table 7. Summary on diffusivity of Cr and O at 800 °C
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Elements In a-iron In y-iron Source
Cr ~10™M" 10" [23]
(0] ~10" 10" [24,25]
Table 8. Results on immersion test of various specimens in simulated condensed solution
Detection of corrosion
Alloys
Type I Type 11 Type 11 Type IV
409L No No No Yes
430 No No No No
441 No No No No
304L No No No No
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Fig. 11. VM image of 409L (type III) after 40-h immersion
test in simulated condensed solution
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