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1. Introduction

Because of the large amount of sulfate and chloride in the soilin 

saline soil areas, ordinary reinforced concrete does not have 

good applicability, and damage usually occurs within 3 − 5 years 

(Ma et al., 2018; Qiao et al., 2018). The reason that ordinary 

reinforced concrete fails is the corrosion of steel that chloride 

causes, while sulfate causes the concrete to fail (Tang et al., 

2016; O’Reilly et al., 2018; Mohabbi, 2019; Sotiriadis and Mróz, 

2019). The typical solutions used are to modify the concrete or 

improve the steel bars’ corrosion resistance, so that the concrete 

is more durable. The methods used to improve the durability of 

concrete are as follows:

For example, high-performance concrete and ordinary concrete 

are subjected to dry-wet cycling, and then X-ray diffraction 

analysis is carried out. The results show that the salt-halogen 

resistance of high-performance concrete is clearly greater than 

that of ordinary concrete, and the damage to ordinary concrete is 

the greatest in Qinghai Lake (Ma et al., 2018). Jin et al. (2007) 

carried out the solution immersion test and dry-wet cycle test on 

plain concrete and fly ash concrete with 20% and 30% content of 

sulfate, chloride, and compound salt solution, respectively, and 

concluded that fly ash can improve concrete’s corrosion resistance 

to sulfate and chloride. Niu simulated the initial lining of tunnel 

by dry-wet cycling method, and carried out the durability test of 

shotcrete under a compound salt solution (sulfate, chloride, 

magnesium salt). Thereafter, the corrosion products and 

microstructure were analyzed by bothmicro-andmacro-tests. 

The results showed that steel fiber improved the shotcrete’s 

durability (Wang et al., 2018). Zhang et al. (2019) carried out 

carbonation curing on concrete, and then tested the steel’s loss of 

quality, and the concrete’s porosity, chloride ion content, and 

compressive strength. The results showed that carbonation 

curing improved not only the early strength of the concrete, but 

also reduced the penetration of chloride ions in the concrete and 

the steel’s loss of quality significantly. Yehia et al. (2019) added 

fiber to concrete to improve its durability, and circulated the fiber-

reinforced concrete in salt water for one year. The compressive 
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strength, flexural strength, and elastic modulus were calculated, 

and scanning electron microscopy (SEM) and the rapid chloride ion 

penetration test (RCPT) were carried out on the specimen. The 

author found that the fiber changed the concrete’s microstructure, 

but did not increase the chloride ion permeability, while the 

compressive strength, flexural strength, and crack resistance 

improved significantly.

Steel protection is achieved primarily by increasing the 

protective layer on the steel surface or adding other metal elements

to make the steel more corrosion resistant. For example, Xiong et 

al. (2018) used phytic acid conversion coating in a Zn2+-doped 

phytic acid (PA-Zn) solution at 20oC to improve the corrosion 

resistance of steel bars in concrete. Ohba et al. (2019) used hot 

dip galvanizing, electroplating, or thermal spraying to form a 

galvanized metal layer on the surface of the steel bar to protect it, 

and found that the galvanized steel bar’s corrosion resistance 

improved significantly. Fajardo et al. (2019) carried out a solution 

immersion test on High-Mn austenitic twinning-induced plasticity 

(TWIP) steels and TWIP. Through electrochemical analysis, he 

concluded that High-Mn TWIP steel has greater corrosion resistance

than does TWIP steel. The research above has demonstrated that 

the primary way to improve concrete’s durability is to change the 

curing method, add modifying materials, and use corrosion-resistant 

steel bars. However, using the methods above results in a 

significant increase in production costs. Magnesium oxychloride

cement concrete (MOCC) as a kind of magnesia cementitious 

material (MgO-MgCl2-H2O), its binder after hardening is 5Mg(OH)2·

MgCl2·8H2O and 3Mg(OH)2·MgCl2· 8H2O, resists salt brine very 

well without modification. Therefore, compared with ordinary 

concrete, it is more applicable in saline soil areas, is not damaged 

by sulfate erosion (Li and Chau, 2007; Chau et al., 2009; Tan et 

al., 2014; Hu et al., 2016), and its production cost is low. The 

main degradation is attributable to the accelerated effect of 

internal and external chloride ions on the steel, which causes the 

steel to rust and the concrete to crack in a short time (Skalny, 

2000; Wei  et al., 2018; Wang et al., 2019). In view of the 

corrosion of steel bars in MOCC, Gong applied a coating on the 

surface of the steel bar, carried out the solution immersion test on 

the test piece, and found that the coating prevented the corrosion 

of the steel bar well (Gong, 2017). However, a short-term 

durability test of only 720 days was carried out on the coated 

steel bars.

Clearly, research has demonstrated that a coating can protect 

steel from corrosion. However, the corrosion of steel in concrete 

is a long-term process, and whether a coating can provide long-

term and stable protection for the steel is still worthy of further 

study. To the best of my knowledge, no relevant research has 

conducted a 2,160 days solution immersion test on coated reinforced

MOCC to study the coating’s long-term stability. However, a long-

term tracking study is expensive, so an effective method must be 

used to evaluate the coating’s long-term protective performance. 

As a method of reliability modeling and prediction, the Wiener 

degradation process is used widely in reliability modeling 

because it can describe the degradation process in a product’s 

performance and has good computational and analytical 

properties. For example, Sun et al. (2018) used Wiener to predict 

the residual life of cutting tools, Zhang et al. (2018) used it for 

prognostics and health management (PHM), Hu et al. (2018) used 

Wiener to predict the life of wind turbine bearings, Li et al. 

(2019) used it to predict the life of a machine, and so on. 

However, the application of the Wiener degradation process to 

life prediction of coated steel bars has not been studied yet. 

Therefore, this paper presents the results of a long-term (2,160 

days) solution immersion accelerated corrosion test for coated 

reinforced MOCC. Electrochemical tests of the coated 

reinforced MOCC were carried out regularly. Then, the corrosion 

current density was measured, and used as the corrosion 

degradation index of coated steel bars, and based on the 

Wiener degradation process, the corrosion time of coated 

steel bars was predicted.

2. Experiment

2.1 Experimental Materials
The raw materials of MOCC concrete are composed largely of 

light-burned magnesium oxide (MgO), magnesium chloride 

(MgCl2), a water reducing and water repellent agent, fly ash, 

sand, gravel, and steel bars. Both MgO and MgCl2 are produced 

by Qarhan Salt Lake Magnesium chloride plant, Golmud City, 

Qinghai Province. Well graded, medium level river sand was 

obtained from Shuifu, Lanzhou. Gansu Hualong Concrete Co., 

Ltd. provided the gravel, which had a continuous gradation and 

qualified performance indicators. A steel mill in Lanzhou 

produces the I grade fly ash used in this study to improve the 

concrete’s durability. The water-proofing agent was phosphoric 

acid from Tianjin Baishi Chemical Co., Ltd. The H3PO4 content 

was no less than 85%, and the Hazen Unit was less than 25. 

Jiangsu Bote New Material Co., Ltd. produced the water-

reducing agent in the KD naphthalene series with high efficiency 

(JM-PCA(I)) that was used. The basic physical properties are 

shown in Table 1. The tap water used was consistent with the 

industry standard and requirements of the “Standard specification 

for concrete mixing water” JGJ63-2006 (2018). An HPB300 steel 

bar was employed, the yield strength of which was fy = 300 N/

Table 1. The Physical Indicators of the Water Reducing Agent

Species
Density  

value/g/ml
PH

Alkali

content/%

Water reduction  

rate/%

Bleeding  

rate/%

Compressive strength ratio Recommended 

dosage%3d 7d 28d

PCA(I) 0.0003 8.08 ≤ 3.88 34 0 168 149 139 0.02
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Table 2. Mixing Proportion of Magnesium Oxychloride Cement Concrete (kg/m3)

MgO/

(kg/m3)

Water reducer/ 

(kg/m3)

Water repellent/ 

(kg/m3)

Sand/

(kg/m3)

Cobblestone/ 

(kg/m3)

MgCl2/

(kg/m3)

Water/

(kg/m3)

Slum/

(mm)

388.96 2.288 1.6016 625 1162 147.811 135.586 120
mm2. Ningbo Metal Surface Treatment Co., Ltd. provided the 

Japan’s GEOMET coating (a type of zinc coating that includes a 

large number of ultrafine zinc-aluminum flakes). 

2.2 Specimen Preparation
The HPB300 steel bar was 100 mm in length with a diameter of 

8 mm. The steel bar was cleaned by washing with acid and alkali 

to remove surface oil pollution in preparation to coat the bar. 

According to the mixing ratio in Table 2, MOCRC with a 

concrete protective layer of 46 mm was prepared with a test 

piece size of 100 mm × 100 mm × 100 mm. 

2.3 Experimental Study
To investigate the long-term effect of the protective coating on 

the steel, the specimen was subjected to a solution immersion 

accelerated corrosion test, and the electrochemical test was 

performed periodically. The specific test method is as follows:

2.3.1 Accelerated Test of Solution Immersion
The test blocks were divided into two groups of three blocks 

according to their surface, group A (uncoated steel bar) and 

group B (coated steel bar). The test blocks were placed in a 

magnesium oxychloride solution with a chloride ion concentration

of 1.5 mol/L, where the height of the solution was 2/3 of the 

block. 
Fig. 1. Schematic Diagram of Three-Electrode System

Table 3. The Corresponding Relation between Corrosion Current Densit

i
coor

 / (μA·cm−2) i
coor

 < 0. 1 0. 1 < i
coor

 < 0. 5

Corrosion situation No corrosion Low corrosion
2.3.2 Electrochemical Test
The test system in the electrochemical test is a three-electrode 

test system, the schematic diagram of which is shown in Fig. 1. 

The electrolyte of group A was water, and that of group B was 

magnesium oxychloride solution with a chloride ion concentration

of 1.5 mol/L. Before the electrochemical test in group A, the 

specimens were immersed for 1 day to form a better circuit, and 

thereafter, the benchmark test was performed with the Zahner 

electrochemical workstation. Coated steel with an area of 

25.12 cm2 served as the working electrode. A thin stainless-steel 

plate with an area of 30 cm2—greater than that of the working 

electrode—served as an auxiliary electrode, while a saturated KCl 

electrode served as the reference electrode. An electrochemical 

test was performed on the test block every 90 days after the 

benchmark test. The relation between the corrosion current 

density and the steel bar’s corrosion is shown in Table 3. The 

scanned range of the polarization curve was from -0.2 mV to 

0.2 mV of the relative corrosion potential, the scanning rate was 

334 μV/s, and the current range was -1 − 1 μA. The range of the 

AC impedance measurement frequency was 0.01 Hz − 100,000 Hz, 

the AC positive rotation excitation signal amplitude was 10 mV, 

and the AC impedance test used metal shielding as electromagnetic 

shielding. 

In the corrosion system used to control the activation 

polarization, the basic formula of the polarization current density, 

I, and the electrode potential, E, are shown below:

(1)

(2)

in which icorr is the natural corrosion current density that represents 

the corrosion rate in the electrochemical corrosion. E is the 

electrode potential, Ecorr is the natural corrosion potential, R is the 

gas constant, T is the absolute temperature, F is the Faraday 

constant, ba and bc are the transfer coefficients of the anodic and 

cathodic reactions, n is the number of electrons gained or lost for 

the electric polar reaction speed control step, and βa and αc are 

Tafel’s anodic and cathodic slopes.

Impedance is a vector that can be expressed as a complex 

number. A complex number consists of real and imaginary 

elements. The real element is the component of the vector in the 

I icorr
2.3 E Ecorr–( )

ba

------------------------------
2.3 Ecorr E–( )

bc

------------------------------exp–exp
⎩ ⎭
⎨ ⎬
⎧ ⎫

=

ba

2.303RT

βanF
--------------------= bc

2.303RT

αcnF
--------------------=
y and the Degree of the Rebars’ Corrosion

0. 5 < i
coo
r < 1 i

coor
 > 1

Medium corrosion Serious corrosion
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horizontal coordinate, and the imaginary element is that in the 

vertical coordinate. In electrochemistry, the coordinate system 

includes  (the vertical axis) and  (the horizontal axis), 

which represents the impedance plane.

(3)

(4)

(5)

where  is the real element of the impedance,  is the 

imaginary element,  is the impedance of the module, and θ is 

the impedance angle, j = (-1)1/2:

When the resistance element, C, is connected in series with 

the capacitance element, R.

(6)

When the resistance element, C, is connected in parallel with 

the capacitor element, R.

(7)

In Eqs. (6) and (7), R indicates the resistance of the resistance 

element, C indicates the capacitance of the capacitor element, 

and ω = 2πf, f is the frequency speed of the sine wave.

3. Results and Discussion

3.1 Electrochemical Test Results

3.1.1 Polarization Curve Results
Figures 2 and 3 show that the corrosion potential of the coated 

steel bar was much larger than that of bare steel, and from the 

calculation result of the corrosion current density in Fig. 4, that 

of the coated steel bar was much smaller than that of bare steel, 

which shows that the coating had a good protective effect on the 

steel bar. This had the same effect as that when Xiong et al. 

Z″– Z′

Z Z′ jZ″–=

Z′ Z θcos= Z″ Z θsin=

Z Z′2 Z″2+= tgθ
Z″
Z′
-----=

Z′ Z″–

Z

Z R j
1

ωC
--------–=

Z Z′ Z″ R

I ωRC( )2+
------------------------- j

ωR
2
C

I ωRC( )2+
-------------------------–=–=

Fig. 2. Polarization Curve from 90d to 2,160d of Group A: (a) Polarization Curve from 90d to 540d, (b) Polarization Curve from 630d to 1,080d, 
(c) Polarization Curve from 1,170d to 1,620d, (d) Polarization Curve from 1,710d to 2,160d
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Fig. 3. Polarization Curve from 90d to 2,160d of Group B: (a) Polarization Curve from 90d to 540d, (b) Polarization Curve from 630d to 1,080d, 
(c) Polarization Curve from 1,170d to 1,620d, (d) Polarization Curve from 1,710d to 2,160d

Fig. 4. Corrosion Current Density in Each Period: (a) Corrosion Current Density of Group A, (b) Corrosion Current Density of Group B
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Fig. 5. AC Impedance of Group A in Each Period: (a) -Nyquist Plot from 90d to 540d, (b) Bode Plot from 90d to 540d, (c) -Nyquist Plot from 630d 
to 1,080d, (d) Bode Plot from 630d to 1,080d, (e) -Nyquist Plot from 1,170d to 1,620d, (f) Bode Plot from 1,170 to 1,620d, (g) -Nyquist 
Plot from 1,710d to 2,160d, (h) Bode Plot from 1,710d to 2,160d
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Fig. 6. AC Impedance of Group B in Each Period: (a) -Nyquist Plot from 90d to 540d, (b) Bode Plot from 90d to 540d, (c) -Nyquist Plot from 630d 
to 1,080d, (d) Bode Plot from 630dto 1,080d, (e) -Nyquist Plot from 1,170d to 1,620d, (f) Bode Plot from 1,170 to 1,620d, (g) -Nyquist 
Plot from 1,710d to 2,160d, (h) Bode Plot from 1,710d to 2,160d
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(2018) used phytic acid conversion coating to protect steel bars, 

and Ohba et al. (2019) used galvanized zinc to do so. In the 

polarization curves of the bare and coated steel bars, the Tafel 

slope of the anode polarization curve of the coated steel bars was 

larger than that of bare steel at the same time. This was the case 

because the sacrificial anode effect of the coating provides the 

steel bars with cathodic protection (Yu et al., 2019). The essence 

of the protection provided by the steel coating is that the 

corrosion potential of Zn in the coating is -0.762V, while that of 

Al is -1.662V, and the natural corrosion potential of both are 

lower than that of Fe -0.440V (Ohba et al., 2019). It can be seen 

in Fig. 4 that the corrosion current density of the coated steel bar 

fluctuated, and both positive and negative movements of the 

corrosion potential of the coated steel bar occurred. The reason 

for this is that coating corrosion and the formation of basic zinc 

carbonate (Zn5(OH)6(CO3)2 and basic aluminum chloride (Al5Cl3
(OH)12·4H2O) took place that blocked the coating pores. The 

chemical equation of this reaction process is shown below:

(8)

(9)

For bare steel, the fluctuation in the corrosion current density 

and the positive and negative movements of the corrosion 

potential are caused by rust’s blocking effect and further corrosion 

that leads to the loss of the rust blocking effect (Wu et al., 2018; 

Tao et al., 2012).

3.1.2 AC Impedance Results
Figures 5 and 6 are the -Nyquist and Bode diagrams of bare and 

coated steel bars in different solution immersion stages. -Nyquist 

represents the corrosion of steel bars largely by measuring the 

capacitance or polarization impedance in the system, while the 

Bode diagram represents primarily the position at which the 

corrosion occurs by the number of time parameters and the 

movement in the high, medium, and low frequency areas (Fajardo et 

al., 2019). The -Nyquist diagrams in Figs. 5 and 6 show that for 

bare steel, the high-frequency area is a semicircular arc, while 

the low-frequency area is a short arc with a very short tail that is 

an approximately 45o straight line, while the low-frequency area 

of the coated steel is an arc with a very long tail that is an 

approximately 45o straight line, indicating that the bare steel bar 

is corroded severely, while the coated steel bar is corroded and 

diffused (Benarioua et al., 2019). From the Bode diagram in 

Figs. 5 and 6, it can be concluded that there is only one time 

parameter for the bare steel bar at the beginning of the entire 

immersion, which occurs at 104 − 105 HZ, while the time parameter

for the coated steel bar shifts between 10o − 101 HZ and 104 − 105 HZ, 

and the corrosion of the bare steel bar’s surface occurs within the 

rust, while that of the coated steel bar occurs on the surface and 

within the coating (Rengaraju et al., 2019). Fig. 7 shows that the 

polarization impedance of both the coated and bare steel 

increased and decreased in the degradation process, but 

decreased as a whole. This phenomenon is consistent with 

Fajardo’s et al. (2019) research on the corrosion behavior of WIP 

Fe-Mn-Al-Si original steel in chloride solution and Rengaraju’s 

et al. (2019) study of the corrosion behavior of steel bars in 

ordinary concrete and fly ash concrete.

3.2 Wiener Degradation

3.2.1 Relevant Knowledge of the Univariate Wiener 
Process

The univariate Wiener can be expressed as in Sun et al. (2018) 

and Zhang et al. (2018):

(10)

in which, t is time, μ is the drift parameter, σ is the diffusion 

5Zn OH( )2 2HCO3

2–

2H
+

Zn5 OH( )6 CO3( )
2

4H2O+→+ +

5Al OH( )3 4H2O 3CI
–

Al5Cl3 OH( )12 4H2O 3OH
–

+⋅→+ +

X t μ σ
2, ,( ) μt σW t( )+=

Fig. 7. Polarization Impedance Each Period: (a) Polarization Impedance of Group A, (b) Polarization Impedance of Group B
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parameter, W(t) is the standard Brownian motion, E(W(t)) = 0, 

E[W(t1)W(t2)] = min(t1, t2),

And the one-dimensional, continuous-time stochastic process 

[X(t), t ≥ 0] satisfies the following properties:

1. The increment between time t and time t   +  Δt obeys the 

normal distribution, in that ΔX = X(t + Δt) − X(t) ~ N(μΔt, 

σ2Δt);

2. For any two disjoint time regions [t1, t2], [t3, t4], increments 

X(t4)  −  X(t3) and X(t2)   −  X(t1) are independent, and

3. X(0) = 0 and X(t) is continuous at t = 0.

The definition of the stochastic processes {Z(t); t > 0} on the 

basis of univariate Wiener processes, X(t), is that, at any time t

(t ≥ 0), and Z(t) takes X(t) to obtain the maximum value in time 

[0, t].

(11)

The probability density function of Z(t) at time t is g(z, t). The 

definition of Z(t) shows that it is a monotonic stochastic process, 

and the probability that the product will not fail in time t is:

(12)

Cox and Miller (1966) used the Fokker-Planck equation to 

obtain the expression of g(z, t), as follows:

(13)

Add Eq. (13) to Eq. (12) to obtain the reliability function and 

probability density distribution function, as shown in Eqs. (14) 

and (15).

(14)

(15)

in which l is the failure threshold value.

3.2.2Wiener Process Modeling Steps
According to the definition of the univariate Wiener and its 

properties, the life prediction of coated steel bars in magnesium 

oxychloride cement concrete is carried out in the following steps:

1. Verify whether the corrosion current density increment of 

coated steel bar obeys a normal distribution;

2. The corrosion threshold is determined according to the 

corresponding relation between the corrosion current density 

and the steel bar’s corrosion state;

3. Perform parameter estimation and derive a reliability function

graph.

3.2.3Wiener Degradation Process Test
The life prediction of coated steel bars was then carried out. The 

corrosion current density increment is as follows:

Hypothesis testing was then used to test the distribution of the 

corrosion current density of the coated steel bars with a confidence 

level of α = 0.05. As Fig. 8 shows, each data point was within the 

95% confidence interval. The probability of accepting the 

hypothetical function was p = 0.279 > 0.05. The results showed 

that the corrosion current density of coated steel bars obeyed the 

normal distribution.

3.2.4 Parameter Estimation
From the probability density function in Eq. (15), we can see that 

the maximum likelihood function of the probability density at a 

certain time is:

(16)

The maximum likelihood estimates of parameter μ, σ can be 

Z t( ) sup X s( );s 0≥{ }=
0≤s≤t

P T t>{ } P Z t( ) l<{ } g z t,( ) zd
∞–

l

∫==

g z t,( )
1

σ 2πt
----------------

z μt–( )2

2σ
2

t
------------------

2μl

σ
2

--------
⎝ ⎠
⎛ ⎞ z 2l– μt–( )

2σ
2

t
-------------------------–expexp–exp

⎩ ⎭
⎨ ⎬
⎧ ⎫

=

R t( ) P T t>{ } 1 F t( ) Φ
l μt–

σ t

-----------
⎝ ⎠
⎛ ⎞ 2μl

σ
2

--------
⎝ ⎠
⎛ ⎞Φ
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σ t
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⎝ ⎠
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2
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l μt–( )2
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2
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L μ σ
2,( ) 1

2σ
2
πΔtij

------------------------
xijΔ μ tijΔ–( )

2σ
2

tijΔ
----------------------------–exp

j 1=

m
i

∏
i 1=

n

∏=

Table 4. Corrosion Current Density Increment of Coated Steel Bar (µA·cm-2)

Parameter Δt1-t0 Δt2-t1 Δt3-t2 Δt4-t3 Δt5-t4 Δt6-t5 Δt7-t6 Δt8-t7 Δt9-t8 Δt10-t9 Δt11-t0 Δt12-t11

Δicoor 0.0197 -0.0053 -0.0054 0.0043 -0.0019 0.00164 -0.0118 0.008 -0.008 -0.0053 0.0058 0.004

Parameter Δt13-t12 Δt14-t13 Δt15-t14 Δt16-t15 Δt17-t16 Δt18-t17 Δt19-t18 Δt20-t19 Δt21-t20 Δt22-t21 Δt23-t22 Δt24-t23

Δicoor -0.0028 0.0015 0.0046 0.0024 0.004 -0.0037 0.0033 0.0008 0.0054 0.0006 0.0069 -0.005

Fig. 8. Normal Distribution Test Chart
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obtained by taking the logarithm of Eq. (16) and calculating the 

partial derivatives of μ, σ, respectively.

(17)

in which, i = 1, 2, 3… n, j = 1, 2, 3…mi , i is the number of 

specimen, j is the number of tests,  is the deterioration of product 

performance at a given time,   = 

0.000042444 and  are calculated. The 

expressions of the reliability and probability density functions 

are as follows:

(18)

(19)

in which, Φ(x) is the standard normal distribution function.

By using the expressions of the reliability function and 

probability densityin MATLAB software, the results are shown 

in Figs. 9 and 10.

Figure 9 shows that the reliability was 1 to 5,401 days, indicating 

that the coating protected the steel from corrosion well at this 

stage. After 5,401 days, the reliability decreased gradually, and 

reached zero at 21,800 days, indicating that the coating lost its 

protective effect on the steel at 21,800 days. To ensure that the 

coating has highly reliable protective performance, the time at 

R0.6(t) is generally taken as the coating’s failure time (the 

corresponding time when the reliability decreases by 40% or 

reaches 60%), in which the R0.6(t) was 10,650 days.

4. Conclusions

The solution immersion test was used in this paper to accelerate 

the degradation of coated steel in MOCC, and the electrochemical

workstation was used to track and detect the degradation process 

of steel bars in the specimen. Based on the Wiener degradation 

process, the corrosion of the coated steel bars was predicted to 

investigate whether the coating can provide long-term, stable 

protection of steel bars in MOCC. The conclusions are as follows:

1. The polarization curve shows that the Tafel slope of the 

anode polarization curve of a coated steel bar was always 

very large throughout the process of immersion in solution. 

From the -Nyquist and Bode diagrams, it can be seen that 

only a single time parameter was generated and disappeared

quickly, indicating that the coating was stable in the process 

of providing protection for the steel bar.

2. The coating was able to protect the steel bar in MOCC from 

corrosion. After 2.160 days of immersion in the accelerated 

corrosion test, the corrosion current density of the coated 

steel bars was 0.063 μA·cm−2, such that they were still in a 

state of non-corrosion.

3. The corrosion current density of bare steel showed a stable 

growth trend throughout the soaking process, while that of 

the coated steel bars also showed a growth trend in the 

soaking process, although it decreased in some periods. 

However, the polarization impedance of bare steel and 

coated steel decreased throughout the immersion process. 

4. It is feasible to take the corrosion current density of the 

coated steel bar as the degradation parameter to model 

based on the Wiener function. After calculation, it was 

concluded finally that the coated steel bar reached the limit 

of severe corrosion at approximately 21,800d and R0.6(t) = 

10,650d.
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Fig. 10. Density Function Diagram of Coated Steel Bars
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