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Abstract: Q345 steel is widely used in the construction industry, vehicle manufacturing industry, bridge
construction industry and many other aspects due to its excellent comprehensive performance. However, due
to its high silicon content, direct hot-dip galvanizing will lead to a series of problems, such as easy peeling of
the coating due to the "silicon reactivity". In this paper, we adopt the "two-step hot-dipping method", first hot-
dip aluminizing and then hot-dip galvanizing, to isolate the substrate and zinc liquid direct contact, so as to
avoid the occurrence of "silicon reactivity". Through the microstructure characterization, neutral salt spray
corrosion experiments, electrochemical experiments, the results show that: Al-Zn composite coatings from the
inside out were perpendicular to the substrate growth of loose Fe:Als layer and Al-Zn layer, outbursts
generation; Al-Zn composite coatings resistance to neutral salt spray corrosion was far more than the substrate;
Al-Zn composite coatings polarization curve corrosion potential than the substrate was lower than that of the
substrate by 0.512V, showing a strong corrosion resistance. It shows extremely strong corrosion resistance.

Keywords: Q345 steel; two-step hot-dipping method; Al - Zn composite coatings; microstructures;
resist corrosion properties

1. Introduction

Q345 steel is a commonly used structural steel with a wide range of applications, and its main
components include carbon (C), silicon (Si), manganese (Mn), phosphorus (P), sulfur (S) and other
elements. Its carbon content is usually between 0.12 wt.% and 0.20 wt.%. Carbon is one of the main
alloying elements of Q345 steel, and it increases the hardness and strength of the steel. A moderate
carbon content increases the hardness and wear resistance of Q345 steel while maintaining good
workability. And its silicon content usually ranges from 0.20 wt.% to 0.55 wt.% [1]. Silicon acts as a
deoxidizer and enhancer of grain boundaries in steel, which can improve the strength and corrosion
resistance of steel. A moderate amount of silicon helps to improve the weldability and corrosion
resistance of Q345 steel. In terms of performance, it is characterized by high strength, good corrosion
resistance, weldability, good plasticity and toughness, and low temperature influence. In terms of
strength, Q345 steel has high yield strength and tensile strength. Depending on the state of the
material, its yield strength is usually between 345MPa and 470MPa, and its tensile strength is between
470MPa and 630MPa. This enables Q345 steel to withstand large loads and pressures in structural
engineering [1]. In terms of corrosion resistance, Q345 steel has good corrosion resistance and can be
used for a long time in harsh environments such as wet and rainy conditions without easy rusting or
corrosion. This makes Q345 steel widely used in marine engineering, chemical equipment and other
fields. Similarly, in terms of weldability, its good weldability enables it to be connected and processed
by common welding methods. This gives Q345 steel an advantage in structural assembly, welded
fabrication and so on. In conclusion, Q345 steel, as a commonly used structural steel, is characterized
by stable composition, high strength, good corrosion resistance, strong weldability, good plasticity
and toughness. These properties make Q345 steel widely used in construction, bridges, ships,
petrochemical equipment and other fields. However, with its own performance is difficult to use
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directly in a variety of projects, so people often surface treatment to strengthen its performance,
commonly used methods are electroplating, painting, hot-dip galvanizing and so on. Hot-dip
galvanizing and hot-dip aluminizing are the common treatment methods for Q345 steel.

Hot-dip galvanizing is a corrosion protection method in which steel is immersed in molten
liquid zinc to form a protective alloy layer on its surface. The advantage of zinc is that it can form a
dense protective coating on the surface of the steel to isolate it from the air, and it can be sacrificed to
protect the substrate with an anode [2]. Since zinc corrodes at a much lower rate than steel, it can
effectively protect steel and greatly improve its corrosion resistance, giving it a service life of decades
[3,4]. With the progress of technology, the galvanizing technology becomes more and more advanced,
it has the characteristics of easy operation, wide coverage, strong corrosion resistance, close
connection with the substrate, high durability, and low maintenance cost, thus, the steel products
treated by hot-dip galvanizing technology have been applied to various industries, such as
infrastructure, electric power, transportation, construction, communication, energy, etc., which has
an increasingly wide range of applications, and has an extremely high development potential[5-7].
Despite the fact that hot-dip galvanizing is a long-established and mature process, there are still many
technical problems with galvanizing steel containing silicon. Silicon in steel is either present as a
residue of the deoxidizer in the smelting process or as a strengthening element. In general galvanizing,
silicon in steel causes the surface of the coating to appear dark gray, the coating to be too thick, and
the bonding strength between the coating and the substrate to be reduced, a phenomenon known in
industry as "silicon reactivity" [8](also known as the Sandelin Effect). This problem has long plagued
the galvanizing industry, especially affecting the development of the hot-dip galvanizing industry
for high-strength structural steel. In order to solve these problems, people have tried to take many
measures, for the higher silicon content of Q345 steel, can be pretreated to reduce the silicon content
and reactivity. Common pretreatment methods include pickling and sanding, which remove
oxidized layers and impurities from the steel surface, thus reducing the presence of silicon. During
hot-dip galvanizing, a suitable galvanizing process can be selected to reduce silicon reactivity. For
example, the Continuous Galvanizing Process (CGP) can be used to gradually increase the
temperature in a series of dipping baths to better react the silicon with the zinc without precipitating
it[9]. Similarly, in hot-dip galvanizing, reasonable process parameter settings can reduce the effect of
silicon on the coating. For example, controlling parameters such as galvanizing temperature, dipping
time and dipping speed make the galvanizing reaction more uniform and reduce the possibility of
silicon precipitation.

In contrast, the process of hot-dip aluminizing of steel is carried out by adding elemental
aluminum to the steel smelting process so that it reacts with the oxygen in the steel to form alumina
(Al205)[10,11]. This reaction is highly exothermic and provides enough heat to maintain the
temperature required during the smelting process. At the same time, alumina can react with other
impurity elements (e.g., sulfur, oxygen, nitrogen, etc.) to reduce the amount of impurities in the steel.
Aluminum solution containing a small amount of silicon is more capable of reducing the intermetallic
compound layer[12-15]. Therefore, the steel hot-dip aluminizing achieves the dual role of heat supply
and deoxidation and deimpurity. Hot-dip aluminizing can form a dense, uniform aluminum layer,
effectively preventing the corrosion of steel. Aluminum has good corrosion resistance, can be under
the protection of the oxide layer to prevent the steel and the outside world, such as oxygen, water
and other substances in contact, and provides a long-term corrosion protection. It also provides some
protection against heat. This makes Q345 steel hot-dip aluminizing has good high temperature
resistance, suitable for high temperature working environment, such as furnaces, boilers and other
equipment. And then the appropriate heat treatment can obtain better high temperature oxidation
resistance [16-22]. At the same time, the hot-dip aluminizing Q345 steel has good electromagnetic
shielding properties, which can effectively absorb and shield electromagnetic waves. This makes the
steel of hot-dip aluminizing has a wide range of applications in the field of electronic communication,
electromagnetic interference control, such as electronic equipment shells, electromagnetic shielding
cover, etc. Q345 steel hot-dip aluminizing has excellent corrosion resistance, high temperature
resistance, electromagnetic shielding performance and decorative properties. It has been widely used
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in several fields, improving the quality and durability of Q345 steel and meeting various specific
needs. However, its complex process leads to high cost. At the same time, the plating, being softer, is
easily damaged by external forces such as scratches, impacts and friction. Once the plating is broken,
the steel surface is exposed, which can lead to corrosion and other problems. Moreover, the thickness
of the aluminum layer in hot-dip aluminizing is usually thin, typically between tens and hundreds
of microns. Compared to other surface treatments, such as hot-dip galvanizing, hot-dip aluminizing
has a thinner coating thickness, so the corrosion protection it provides may be relatively low.

The "two-step hot-dipping method" is a method of hot-dipping one alloy layer on the surface of
steel substrate and then hot-dipping another alloy layer, which can realize the metallurgical
composite of the two alloy layers, and its pretreatment process is simple and easy to carry out, and it
can effectively control the organization, morphology and thickness of the composite coating.
Therefore, it has been widely used on galvanized aluminum alloy steel wires [23]. K.Tachibana [24]
and others used "double plating method" to hot dip Zn-7Al alloy on the surface of steel parts, and the
atmospheric corrosion experiments for 10 years showed that the corrosion resistance of double plated
Zn-7Al alloy coating is 4 times higher than that of zinc coating.

For the "double plating method", the Al content is critical to the performance of zinc-aluminum
coatings, and excellent corrosion, temperature, and aging resistance as well as bright appearance can
be achieved by adjusting the Al content [25,26] . The application of zinc-aluminum alloys with double
Galfan (Zn-5Al1-0.1Re) coatings (Al mass fraction more than 10 wt.%) in the "double plating method"
has received a lot of attention, but there is still a lack of coatings with a lower Al content. Studies of
the "dual plating method" have shown that a change in Al content significantly alters the surface
characteristics of zinc-aluminum alloys and thus their corrosion characteristics, providing more
possibilities for the application of the "dual plating method" [27,28]. The two-step hot-dipping
method is different from other coating production in that it can be realized by hot-dipping regardless
of the complexity of the shape, and the equipment is simple, low-cost and easy to operate [29-31].
This study focuses on the tissue morphology, corrosion resistance of two-step hot-dipping plated Al-
Zn composite coating on Q345 steel. The method of hot-dip aluminizing and then hot-dip galvanizing
is adopted to avoid the "silicon reactivity" caused by the direct contact between zinc liquid and steel.

2. Experimental

2.1. Experimental materials

The experimental materials were mainly zinc ingot (99.99 wt.% Zn), aluminum ingot (99.99 wt.%
Al) and Q345 steel plate of 20mm x 10mm x 3mm (Shandong Chengjian Iron & Steel Company
Limited, Liaocheng, Shandong, China). A hole of 2mm diameter was drilled at one end of the steel
plate and a wire was threaded through it to make a hot dipping specimen.

2.2. Experimental process

2.2.1. Pre-processing

First, the Q345 hot-dipping specimens were immersed in 80°C 10% NaOH + 5% Na2COs alkaline
wash solution for 5~10min, followed by cleaning with water. Next, the specimen was put into 20%
hydrochloric acid +0.5% hexamethylenetetramine acid wash solution for 3~4min ultrasonic cleaning,
and then cleaned with water, and then put into the drying oven for drying (120°C).

2.2.2. Hot dip plating

Firstly, the dried Q345 hot-dipping specimen was immersed into the aluminum solution at
750°C for 1-10 min, then quickly removed and put into the zinc solution at 750°C for the second hot-
dipping for 1-10 min. Finally, the Q345 hot-dipping specimen was removed and put into the air for
natural cooling, then two-step hot-dipping of Al-Zn composite coatings can be obtained.

The prepared samples of two-step hot-dipping Al-Zn composite coatings were labeled as
1min+lmin, 2min+2min, 4min+4min, 6min+6min, and 10min+10min according to the difference in

doi:10.20944/preprints202308.0484.v1
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dipping time in Al and Zn liquids, respectively. Five specimens of each type were prepared to
evaluate the stability of the process and to statistically measure the thickness of the alloy layer of the
plated layer as a function of time. The relationship between the changes in the thickness of the alloy
layer with time was evaluated. For the 2min+2min specimen with superior plating, 50 specimens
were prepared for later neutral salt spray corrosion experiments and electrochemical experiments to
evaluate the corrosion resistance of two-step hot-dipping Al-Zn composite coatings.

2.3. Microstructure and corrosion resistance test

2.3.1. Microstructure characterization methods

Detailed characterization of the surface microstructure of the coatings was carried out using
SEM (ZEISS EVO MA1Q, Zeiss, Jena, Germany) and the phase composition was analyzed using EDS
(OXFORD X-MAXN, Zeiss, Jena, Germany). Physical phase analysis of the surface corrosion products
was carried out using an X-ray diffractometer (XRD, Ultima IV, Rigaku Co, Tokyo, Japan).

2.3.2. Corrosion resistance

Neutral salt spray corrosion experiments were performed on 2min+2min samples. The samples
were subjected to neutral salt spray (NSS) determination using a salt spray water jet test bench (MIT-
60A, Ningbo Jinhe Instrumentation Machinery Equipment Company, Ningbo, Zhejiang Province,
China). A corrosion solution of 5% NaCl (pH=6.5~7.2) was used for the experimental procedure, and
the temperature inside the laboratory chamber was controlled at (35+1)°C to ensure that the
sedimentation rate reached 1~2mL/h per 80cm? of the measurement area.

Before the test, the sides and back of the plating were sealed with silicone rubber and left under
natural conditions for 24 h. After the silicone gel was completely solidified, the specimen was
weighed and recorded as mz . Then the NSS test was carried out at intervals of 40h, 120h, 160h, 200h,
240h, 280h, 320h, and 360h, respectively. Then the corrosion products on the surface of the specimen
were removed and weighed as m2, and the corrosion rate v was calculated according to the following
formula [unit: g/(m? -h)].

v="02 0 009 (1)
At °

Where A is the surface area of the specimen (unit: m? ) and ¢ is the test time (unit: h).

An electrochemical workstation (Shanghai Chenhua Instrument Company CHI660E, Shanghai,
China) was used to test the Tafel curve of the specimens. A 3.5% NaCl solution was used, a platinum
electrode was used as an auxiliary electrode and a saturated calomel electrode (SCE) was used as a
reference electrode. The specimen was closed with silica gel (leaving a working area of 1 cm? ) and
the scanning voltage was -1.5 to -0.2 V with a scanning rate of 2 mV/s.

3. Results and discussion

3.1. Microstructure of the coating

Figure 1 shown the microstructure of Al-Zn coatings with different hot-dipping times at 750°C.
The hot-dipping coating had obvious layering phenomenon, which can be divided into two regions:
the alloy layer immediately adjacent to the substrate (composed of Fe, Al, Zn) and the surface layer
(dominated by Zn and Al-Zn) formed by the condensation of the dip plating liquid. As can be seen
from Table 1, the bulk phase was Fe:Als, and the outermost layer is the Al-Zn alloy layer. The loose
Fe2Als phase grows perpendicular to the matrix. Figures 1(a)-(b) shown that the Fe2Als phase layer
can be divided into a large and dense Fe:Als phase layer and a small and loose FezAls phase layer
under the condition of short hot-dipping time. With the increase of the hot-dipping time, the Fe2Als
phase layer shown only small and dense Fe:Als phase layer (Figure 1(c)-(e)).

doi:10.20944/preprints202308.0484.v1
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Figure 1. SEM images of Al-Zn composite coatings with two-step hot-dipping of Q345 at 750°C for (a)
1min+1min, (b) 2min+2min, (c) 4min+4min, (d) 6min+6min, (e) 10min+10min.

Table 1. EDS data (at.%) and phase compositions for the scan-point in Figure 1.

Analysis Region Al Fe Zn Phase
1 0 99.99 0 Fe
2¢ 64.28 27.43 8.28 Fe:Als
3¢ 22.60 66.57 10.83 Al-Zn
4* 64.87 26.52 8.60 Fe2Als
5 23.28 65.60 11.12 Al-Zn
6* 64.35 26.78 8.87 Fe:Als
7¢ 21.75 65.89 12.36 Al-Zn
8¢ 64.42 27.26 8.32 Fe2Als
9¢ 21.70 63.71 14.59 Al-Zn
107 64.74 26.85 8.41 Fe2Als
11¢ 22.34 63.52 14.14 Al-Zn

The relationship between the thickness of the alloy layer of Al-Zn composite coatings and time
is usually expressed by us using the following empirical equation [32]:
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5=Ktr )

where, 0 is the thickness of the alloy layer (um), ¢ is the total time of the two-step hot-dipping (min),
K is the rate constant, n is the kinetic index, and the kinetic index n < 0.5 is the diffusion-controlled
growth, while n > 0.5 is the interfacial controlled growth (reaction-controlled growth).

In Figure 2, the fitting equation with # close to 0.5 indicates that the growth of Fe2Als alloy layer
was controlled by diffusion through hot-dipping. From the fitted curves, it can be seen that the overall
alloy layer thickness tends to increase with the increase of the hot-dipping time. The slope of the fitted
curve decreased slightly as the hot-dipping time was greater than 8 minutes, resulting in a slowing
down trend in the thickness growth.

250
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Figure 2. The thickness curve of Al-Zn composite coating's Fe2Als alloy layer vs. total hot-dipping
time.

Considering the service requirements of the coating: the thickness was about 100pm, too thick
to produce cracks, too thin can not play a protective role, in addition to consider the uniformity of
the coating and its industrial production costs, the 2min + 2min hot-dipping time coatings were more
in line with the actual service requirements. Therefore, in the later study, we had chosen the
2min+2min hot-dipping time specimens for the study.
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Figure 3. XRD patterns of 2min+2min hot-dipping time specimen's surface.

The XRD patterns (PDF #00-0110 for Zn, #50-0797 for AlisFes & #71-0968 for ZnAl:O4) and phase
diagrams of aluminum-zinc alloys [33] shown that the surface of the coatings consisted of Zn, AlisFes,
and ZnAlLOs. Despite the second step of hot-dip galvanizing, Al and Fe elements still diffused to the
surface, where Fe elements mainly combined with Al elements to form AlisFea.
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In summary, the hot-dip galvanizing of Q345 steel after the hot-dip aluminizing of the steel
surface avoided the occurrence of "silicon reactivity", in which the Fe element combines mainly with
the Al element to form Fe-Al compounds.

3.2. Analysis of corrosion resistance of plated layer

3.2.1. Neutral salt spray test results

Figure 4 shown the macroscopic morphology of the surface of the sample with 2min+2min hot-
dipping time after different time of neutral salt spray corrosion, it can be seen that with the growth
of the corrosion time, the corrosion product accumulates on the surface of the sample, the color was
slightly darkened, the brightness did not have any obvious change, and the surface was corroded to
the unevenness, but the macroscopic cracks were not obvious.

Figure 4. Macroscopic morphology of samples with 2min+2min hot-dipping time after different
neutral salt spray corrosion time (a) 120h (b) 240h (c) 360h.

A review of the literature [34,35] yielded the kinetic equation for weight loss in neutral salt spray
corrosion of Q345 steel as:

Am=Kt" ®)

where, Am is the weight loss of the sample (mg/cm?), ¢ is the total time of two-step hot-dipping (min),
and K and # are constants.

Figure 5 shown the weight loss kinetic curve of neutral salt spray corrosion of the samples, which
was fitted according to Eq. (3), and it can be concluded that the neutral salt spray corrosion weight
loss kinetics of the substrate was given by Eq:

Am'= 11.10437/9522 (4)
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Figure 5. Variation of sample weight loss with corrosion time.

The kinetic equation for weight loss in neutral salt spray corrosion for Al-Zn composite coatings
was:

Am = 331317079419 (5)

It can be seen that the weight loss of Al-Zn composite coatings basically increases with time.
However, the lowest corrosion rate was observed at 240 h, indicating the optimum corrosion
performance, while the corrosion resistance of the coating became worse at 360 h. The reason may be
that, due to the prolonged corrosion, there was an excessive buildup of corrosion products on the
surface of the samples, which had an effect on their corrosion rate. The weight loss curve was
analyzed by comparing the weight loss curve of the substrate with that of the two-step hot-dipping,
and it was obvious that the weight loss of the substrate was much larger than that of the coated
sample by (4)/(5) = 3.35158t'%%12, Therefore, the two-step hot-dipping method can provide better
corrosion resistance.

According to Figure 6, after 360h salt spray corrosion, the surface of the hot-dipping layer
produces many small particulate materials, which were examined by EDS (Table 2) and XRD (Figure
7, Zns(OH)s(COs)2 was examined using PDF#99-0062, Zn was examined using PDF#04-0831, and
Fe:0s was examined using PDF#85-0599 vs. AlsFesO12 was examined using PDF# 49-1657) were
examined and found to be oxides of Zn as their major element. The corrosion of the two-step dipping
Al-Zn layers produced two different patterns of chemical reactions: clustered and dense,
multilayered. It was shown that cluster corrosion produces compounds with the largest proportions
of Zn and O, and a relatively large amount of C, probably Zns(OH)s(COs)2. Upon analysis, it was
found that dense, multilayered network corrosion produces elements such as Zn and O as well as Al
However, ZnO and Fe:0s had a loose structure and were easily detached, which made their antirust
effect become not strong enough to cause the corrosion of Al-Zn coatings. From Figure 8 as well as
Table 3, it can be seen from the cross-section that the coating was still dominated by Fe2Als, which
had excellent chemical stability, denseness and excellent corrosion resistance stability, which can
effectively prevent the penetration of corrosive substances, thus making the Al-Zn coating of the two-
step hot-dipping have stronger corrosion resistance. In contrast, the film of Zns(OH)s(COs)2 was more
compact, but its corrosion resistance was also relatively weak. We found that when the dip-coating
time of the two-step hot-dipping Al-Zn composite coatings was extended, the content of
Zns(OH)s(COs)2 decreases significantly, and in some cases, it was even eliminated completely
(consistent with the results of the XRD analysis), whereas the content of elements such as Zn and O
as well as Al increases significantly, which leads to a more compact corrosion product structure. It
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can be shown that the silicon reactivity was suppressed and good corrosion resistance was achieved.
Meanwhile, from the EDS surface scanning results of the cross-section in Figure 9, it can be further
illustrated that a small amount of Si elements will diffused into the outermost Zn-rich layer, and the
corrosive elements of O, Cl, and Na were mainly distributed in the outermost Zn-rich layer, and the
Al-Zn composite coating can effectively play the role of corrosion prevention.

Table 2. EDS data (at.%) for the spot-scan in Figure 6.

Spectrum (0) Al Cl Fe Zn

Spectrum1 70.75 0 0 0 29.25
Spectrum?2 73.33 0 0 0 26.67
Spectrum3 10.46 1.79 1.14 1.04 85.57
Spectrum4 66.60 0 0 0 32.40
Spectrum5 67.35 0 0 0 32.65

Table 3. EDS data (at.%) for the spot-scan in Figure 8.

Spectrum (0) Na Al Cl Fe Zn

Spectrum1 16.70 0 2.43 1.18 1.65 78.04
Spectrum? 1.67 0 62.16 0 26.12 10.06
Spectrum3 0 0 63.35 0 27.68 8.97
Spectrum4 5.24 2.30 0 0 92.46 0

BSE MAG: 1995x HV: 20 kV WD: 14.8mm  Px: 0.18 pm

Figure 6. Microstructure of 2min+2min hot-dipping time coating's surface after 360h salt spray
corrosion.
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Figure 7. XRD patterns of 2min+2min hot-dipping time specimen's surface after 360h salt spray
corrosion.

GHE e, Spectim)
F

™

BSE MAG: 1999x HV: 20 kv WD: 145mm  Px: 0.18 pm

Figure 8. Microstructure of 2min+2min hot-dipping time coating's cross section after 360h salt spray
corrosion.

Figure 9. EDS mapping of 2min+2min hot-dipping time specimen's cross section after 360h salt spray
corrosion.

3.2.2. Tafel polarization curves

According to the literature [36,37], we obtained the curve shown in Figure 10 by fitting the Tafel
polarization curve, from which we can derive the corrosion potential of the hot-dipping Al-Zn
composite coatings, which had an average value roughly in the vicinity of -0.92 V, which was close
to two times smaller than the negative potential of the steel substrate, which confirms that the plated
layer can provide a cathodic protection to the substrate [38]. The polarization curves of the hot-
dipping Al-Zn composite coatings showed a similar pattern to that of the substrate, implying that the
electrochemical reaction mechanism between them was almost identical. However, upon contact
with the anode, its overlaying hot-dipping Al-Zn composite coatings produces a pronounced
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passivation zone, which most likely originates from the production of a film of Al2Os-nH20 oxides
on its surface. The dense overlaying layer of A2Os-nH20 oxides effectively prevents corrosive species
from penetrating into the hot-dipping Al-Zn composite coatings, which in turn enhances the
corrosion resistance of the two-step hot-dipping Al-Zn composite coatings and gives it enhanced
corrosion-resistant characteristics [39]. This was the main reason for the superior corrosion resistance
of hot-dipping Al-Zn composite coatings. As shown in Table 4, the corrosion current of the two-step
hot-dipping Al-Zn composite coatings was less than that of the substrate, which also indicates the
superior corrosion resistance.

g/ (Akem )]

— 2min+2min
— Q345 Steel

r T T T T T T !
-1.0 -0.9 -0.8 -0.7 -0.6 -0.5 -0.4 -0.3 -0.2
@ (vs. SCE) /V

Figure 10. Polarization curves of 2min+2min hot-dipping time specimen and substrate in 3.5% NaCl
solution.

Table 4. Polarization curve fitting results.

Specimen @corr(vs. SCE)/ V Lgljcorr / (uA-cm?)]
2min+2min -0.917 -6.812
Q345 Steel -0.405 -7.240

4. Conclusion

In this paper, the microstructure of two-step hot-dipping Al-Zn composite coatings on Q345
steel and the corrosion resistance of the coatings were studied, and the conclusions are as follows:

(1) The two-step hot-dipping coating consisted of Fe2Als and Al-Zn phases, and with the growth
of hot-dipping time, the alloy layer was gradually densified, which can inhibit the "silicon reactivity"
of Q345 steel.

(2) The thickness of the alloy phase layer of the hot-dipping Al-Zn composite coatings became
thicker with the increase of the hot-dipping time, but the growth rate of the thickness slows down
after the total hot-dipping time of 8 min.

(3) When the samples were corroded by neutral salt spray, Zns(OH)s(COs)2 appeared on the
surface of the samples, and the corrosive elements of O, Cl, and Na were mainly distributed in the
outermost Zn-rich layer, and the hot-dipping Al-Zn composite coatings showed strong corrosion
resistance.
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