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Abstract: In the process of use, corrosion behavior is an important link that restricts the service life and safety of structural
steel, among which atmospheric corrosion has a significant impact. To analyse the atmospheric corrosion behavior of
structural steel in detail, accelerated corrosion experiments were conducted using a NaHSO; solution to simulate industrial
atmospheric conditions, and the corrosion behavior of the Q345B steel and weathering steel was studied. The weight loss
due to corrosion was analysed, and the corrosion rate was calculated. After 168 h of corrosion, the weight loss rate of the
Q3458 steel is 2.25 g/(m*-h), whereas that of the weathering steel is only 1.74 g/(m?-h). Thus, the corrosion rate of the
Q345B steel is higher than that of the weathering steel. X-ray diffraction analysis was used to determine the composition of
the corrosion products. The primary corrosion products of both steels are identified as a-FeOOH, y-FeOOH, Fe,O;, and
Fe;0,. SEM observations of the rust layer cross-sections reveal that initially, the rust layer of weathering steel is thin,
approximately 41 pwm, and grows slowly, whereas the rust layer of the Q345B steel is thicker, approximately 75 wm, and
more porous. SEM analysis of the rust layers reveals that the base metal and corrosion products of the Q345B steel contain
low levels of corrosion-resistant elements such as copper (Cu), chromium (Cr), and nickel (Ni), indicating no enrichment.

In contrast, weathering steel contains detectable amounts of these elements, which are present to varying degrees. The
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enrichment of Cu, Cr, and Ni in the weathering steel rust layer effectively blocks the penetration of corrosive media,

inhibiting the corrosion of the base metal. Therefore, weathering steel has better corrosion resistance than does Q345B

steel.
Key words : industrial atmosphere; accelerated corrosion test; Q345B steel; weathering resistant steel
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Tab.1 The main chemical compositions of the Q345B steel and weathering steel
(mass fraction/%)
Element C Si Mn P S Cu Cr Ni Nb Ti Mo Al Mg
Q345B 0.15 0.25 142  0.015 0.018 0.03 0.092  0.06 - - - - -
Weathering resistant steel 0.08 0.30 1.30  0.010 0.003 030 0.650 0.15 0.04 0.03 0.07 0.02  0.003

SRl ES PRI

https://www.cnki.net



Vol.46 No.11

-1084- FOUNDRY TECHNOLOGY Nov. 2025
9 o 2
° 2.1
1.5 Q345B
(SEM) 2 3 .
’ ° GG, 10° 1
(XRD) 3] 2(axb+bxctaxc)t (1)
2
20°~80°, 8 (°)/min, MDI W ,g/(m*+h); Gy ;G
Jade6.0 X ,gsa ,mm;b
,mm;c ,mm;¢ ,h,
2 Q3458

Tab.2 Comparison of the weight loss corrosion of the Q345B steel under different corrosion durations

Time/h Pre-experiment Post-experiment Corrosion Average corrosion Average corrosion
weight/g mass/g loss/g weight loss/g loss rate/(g+-m?-h™)

54.59 54.19 0.39

24 54.54 53.99 0.54 0.48 3.79
54.59 54.07 0.52
38.51 37.40 1.11

48 54.48 53.72 0.75 1.03 4.07
54.57 53.34 1.23
54.59 52.78 1.81

72 54.51 53.37 1.14 1.57 4.09
54.64 52.89 1.75
54.58 52.89 1.68

96 54.54 52.50 2.04 1.89 3.69
54.64 52.68 1.96
54.55 52.37 2.17

168 54.67 52.63 2.03 2.01 225
54.52 52.68 1.84

3
Tab.3 Corrosion weight loss of weathering steel under different corrosion durations
Time/h Pre-experiment Post-experiment Corrosion Average corrosion Average corrosion loss
weight/g mass/g loss/g weight loss/g rate/(g-m>-h")

50.07 49.74 0.34

24 50.23 49.92 0.31 0.31 2.49
50.18 49.89 0.29
50.14 49.22 0.92

48 50.26 49.30 0.96 0.92 3.64
47.79 46.92 0.87
50.25 49.22 1.03

72 50.35 49.33 1.02 1.03 2.73
50.32 49.26 1.06
50.16 49.09 1.07

96 50.23 49.06 1.17 1.16 2.30
50.07 48.83 1.23
50.18 48.63 1.55

168 50.17 48.44 1.73 1.53 1.74
50.18 48.86 1.32
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Fig.2 XRD patterns of the corrosion products: (a) Q345B steel; (b) weathering resistant steel
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3 Q345B :(a) 24 h; (b) 48 h; (¢) 72 h; (d) 96 h; (e) 168 h
Fig.3 Microstructure of the rust layer in the Q345B steel samples subjected to different corrosion durations: (a) 24 h; (b) 48 h; (c) 72 h;
(d) 96 h; (e) 168 h

4 :(a) 24 h; (b) 48 h; (¢) 72 h; (d) 96 h; (e) 168 h

Fig.4 Microstructure of the rust layer in weathering steel after different corrosion durations: (a) 24 h; (b) 48 h; (c) 72 h; (d) 96 h;
(e) 168 h
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5 Q345B :(a) 24 h; (b) 72 h; (c) 96 h; (d) 168 h
Fig.5 Cross-sectional morphology of the Q345B steel rust layer under various corrosion durations: (a) 24 h; (b) 72 h; (¢) 96 h; (d) 168 h

6 :(a) 24 h; (b) 72 h; (¢) 96 h; (d) 168 h
Fig.6 Cross-sectional morphology of the weathering steel rust layer under various corrosion durations: (a) 24 h; (b) 72 h; (c) 96 h;
(d) 168 h
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7 168h  Q345B :(a) ;(b) Cu; (c) Cr; (d) Ni; (e) P; (f) Mn; (g) O
Fig.7 Distribution of elements in the rust layer of the Q345B steel after 168 h of corrosion: (a) cross-sectional morphology of the rust
layer; (b) Cu; (c) Cr; (d) Ni; (e) P; (f) Mn; (g) O

8 168 h :(a) 3(b) Cu; (¢) Cr; (d) Ni; (e) P; (f) Mn; () O
Fig.8 Distribution of elements in the rust layer of weathering steel after 168 h of corrosion: (a) cross-sectional morphology of the rust
layer; (b) Cu; (c) Cr; (d) Ni; (e) P; (f) Mn; (g) O
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Fig.9 Diagram of the formation process of a stable rust layer on weathering steel in an industrial atmospheric environment
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