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Stabilization Treatment and Growth Mechanism of Rust Layers on
Weathering Steel Surface
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Abstract: A new stabilization treatment method is developed for the rust layers on weathering steel surface to promote the growth and
stability of rust layers. Using Q420NH weathering steel as the substrate material and water-based acrylic resin as the film forming
material, two Kinds of additives, i.e. stabilizers (Na,M00O,, K;PO,4, NaNO,) and a-FeOOH, are added into acrylic resin to prepare the
stabilization treatment agent. The formation process of rust layers is investigated during salt spraying. The water-based acrylic resin
has good oxygen and water permeability, making it suitable as the stabilization coating. The thickness of rust layer increases with the
increase of salt spray time in 90 d , and the rust layer thickness of the stabilized substrate is higher than that of the bare Q420NH steel.
X-ray diffraction (XRD) results show that the composition of the rust layer of weathering steel doesn’t change by stabilization
treatment, mainly composing of Fe30,, y-FeOOH, a-FeOOH, B-FeOOH. Scanning electron microscopy (SEM) and cross-section
Raman spectroscopy results indicate that the protective a-FeOOH phase is distributed more widely in the rust layer of the stabilized
weathering steel. Energy dispersive spectroscopy (EDS) analysis proves the enrichment of Cr and Cu elements in the rust layer, and
electrochemical impedance spectroscopy (EIS) indicated that the stabilized steel has better corrosion resistance property. The

stabilization treatment promotes the growth of protective rust layer on the surface of Q420NH weathering steel, which accelerates the
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stabilization process and improves the protection performance of the rust layer.

Keywords: weathering steel; stabilization treatment; rust layer; corrosion resistance; salt spray
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Table 1 Chemical composition of Q420NH weathering steel
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Table 2 Compositions of the rust stabilizer

0.049 0292 1601 0.414 0347 0.330 Bal.

Component Mass fraction / wt.%
K3PO, 2
Na,MoO, 5
NaNO; 6
a-FeOOH 2
Resin 20
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Fig. 1 Water absorption amount of polyvinyl butyral and

acrylic resin as a function of immersion time
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Fig. 2 Corrosion morphologies of different coated weathering steels after immersion in 3.5% NaCl solution for different periods
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(b) Q420NH with stabilizer
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Fig. 4 Thickness of the rust layers of Q420NH steel and Fig.5 XRD patterns of rust layers of Q420NH steel and the
Q420NH with stabilizer after different salt spray times steel with stabilizer after 90 d of salt spray test
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Fig. 6 SEM images of the rust layer of Q420NH steel after 90 d of salt spray test
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Fig. 7 Raman spectra of the rust layer of Q420NH steel after 90 d of salt spray test



156 f =B %k ®wW L &

2022 4

8 ML AL B S Q420NH 40 7E 90 d b % f5
WAB WO IES . o2 T RIS E y-FeOOH
AHLL LR a-FeOOH #H, 11 )2 A4 B-FeOOH JE
i, ] 2T AR a-FeOOH AH, N 2TV b A4,
it SFE S, B A EDIR R, b FesO4 A
FesHOg4H,O MR G&i. K 9 hFa e ab 2l f5
Q420NH £M 7 90 d #h55 J5 A% )=k il by 2061, 5
AR Bl y-FeOOH F1 FegOy IR IEIE, 454
8 B IZHOMTESIEE, W LU Ree A PR 5

B2 e Ah )z LL y-FeOOH by 3=, 5 2 i i b 2ok

(d) Mregion of (a)

W23 a-FeOOH (385~390 cm™, 549~
552 cm™t, 680~685cm™) [rIEFAEI, 5 N M4 )
I FesOq Fl FesHOg4H,0 (147 = I

A R fr 2O A, BN — 22
I LI, BB R I, AR e A Ak
PR BTN 05 2 TR 2%, 5 )2 i AH B AR
SR, R, B AL ER S B HE AN S5 2 T LAAE
B PR T Y PRl AL 2] o-FeOOH (A7 AE, 15t
o-FeOOH 7Efa e (b AbH f5 85 2 I IR s8R, H B

FAR B R R a0,

K8 FsEfAbEEf Q420NH fis i /£ 3 % 90 d Jm 45 /Z ol SEM Fi g
Fig.8 SEM images of rust layers of the Q420NH weathering steel with stabilizer after 90 d of salt spray test
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Fig.9 Raman spectra of rust layers of the Q420NH weathering steel with stabilizer after 90 d of salt spray test
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Fig.10 SEM and EDS mapping of the rust layers of Q420NH steel and Q420NH steel

with stabilizer after 90 d of salt spray test
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