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Abstract

:

To mitigate the corrosion of steel bar in magnesium oxychloride cement concrete (MOCC), an asphalt coating is used for protection. According to the service environment in the Salt Lake area of western Qinghai, China, a solution immersion test on MOCC was performed. The test results showed that, after soaking for 2160 days, the corrosion current density icorr was 7.88 µA/cm2, and RC was 113.51 Ω for group A and icorr is 0.08 µA/cm2 and RC is 842.57 Ω for group B. The time parameters for groups A and B fell in the high-frequency range of 103–105 Hz and low-frequency range of 10−2 to 10−1 Hz. The relative dynamic moduli of the elasticity evaluation parameters ω1 and ω2 were 0.942 and 0.959 and 0.946 and 0.962 for groups A and B, respectively, at 2160 days, exhibiting a downward trend on the whole. Fourier transform infrared spectroscopy and microscopic testing revealed that the corrosion of the chloride solution on asphalt was mainly the corrosion of chloride in the interior of the asphalt and that the invaded salt provided a channel for the water solution to invade into the interior.
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1. Introduction


There are copious amounts of harmful salts in western saline soil, including sulphates, chlorides, and carbonates [1,2]. These salts adversely affect ordinary concrete [3,4]. For example, concrete can gradually spall and crack under sulphate corrosion, and the reinforcement of concrete undergoes accelerated corrosion under the action of chloride salt, resulting in corrosion expansion damage [5,6,7]. Magnesium oxychloride cement concrete (MOCC) without modification offers good performance in terms of salt brine corrosion resistance, and it has shown good working performance in this area [8,9,10,11,12]. However, corrosion of steel bars limits its application [13,14,15,16,17]. Aiming to solve this problem, Wang [10,11] adopted a method using zinc-rich epoxy resin to prevent corrosion of steel bars. The zinc-rich coatings need to sacrifice themselves to protect the steel bars, and it is also necessary to study the coatings that primarily serve as insulation.



In the field of civil engineering, asphalt, with its excellent waterproof properties and anticorrosion performance, is widely used in roofing, on the ground, in underground waterproof structures, for wood treatment, and as an anticorrosive in steel [18,19]. For example, Smith [20] used butyl rubber with asphalt to treat pipeline joints when laying pipelines in the sea. After soaking the pipeline at 65 °C for 28 days, there was no corrosion at the joints. Li [21] adopted a heavy epoxy anticorrosive coating over a trust primer/IPN topcoat for anticorrosion treatment of an oil field pipeline and used electronic impact spectroscopy and scanning electron microscopy (SEM) to study the causes of pipeline corrosion. The treatment achieved excellent performance for preventing pipeline corrosion. Wang [22] used an SBS asphalt coating to protect reinforcements and then performed electrochemical tests on magnesium-oxychloride-coated reinforced concrete, analysed the polarisation curve in the protection process, and concluded that SBS asphalt can protect reinforcement well.



In the application to asphalt roads, Panos [23] used epoxy asphalt to improve the durability of asphalt mixtures. Tests have shown that increasing the epoxy modification level in asphalt leads to materials with higher rigidity and strength, thereby increasing fatigue resistance. In addition, asphalt bonding materials can significantly improve the bonding strength between asphalt pavement layers. Huang [24] used asphalt modified by silane coupling agent to improve the robustness of the freeze–thaw cycle resistance of the adhesive layer on the surface of seasonally frozen regions of steel bridges through visibility. Direct tensile and bending beam rheometer tests were used to evaluate the bonding ability of epoxy asphalt and epoxy asphalt rubber. It was concluded that the low-temperature pull-off strength and shear strength of epoxy asphalt rubber can be improved after modification with surface-treated rubber particles. With about 1.2 times the layer, the average interfacial fracture energy was about twice as high as that of the epoxy asphalt bonding layer. Xiao and Huang [25] studied the changes in moisture sensitivity of asphalt after ageing. The moisture resistance of short-term aged asphalt was better, and the moisture resistance of long-term aged asphalt significantly decreased. Zhang [26] prepared a new composite material (OMMT/PAR) that can improve the interfacial adhesion between aggregates and asphalt. Wang [27] has studied the adhesion between different asphalt binders and aggregates, and the results showed that composite anti-stripping agents can effectively improve the water stability and adhesion of asphalt mixtures.



There have been few studies of the use of asphalt coated steel bars in concrete, and currently the main research is on the anti-corrosion effect of asphalt coating on steel bars. Zamanizadeh [28,29] used asphalt coatings to protect steel bars and studied the impact of natural montmorillonite on the corrosion resistance of asphalt coatings. According to the EIS results, asphalt coatings with natural montmorillonite add had good corrosion resistance. Shahsavari [30] studied the effect of nano cerium oxide particles on the corrosion resistance of zinc rich asphalt coatings through salt spray and immersion tests. The results showed that asphalt coatings containing nano cerium oxide particles can reduce the penetration path of water and corrosive ions into the reinforcement, thereby protecting the reinforcements from corrosion.



The above research demonstrates that asphalt or modified asphalt has good anticorrosion ability and cohesiveness. This performance makes it possible to use it as an anticorrosive coating for steel bars. Most studies of the use of asphalt coatings to protect steel bars have focused on the modification of the anti-corrosion ability of asphalt coatings with additives, while few studies have been conducted on the durability of coated steel bars when they interact with concrete. Therefore, we performed a long-term solution immersion accelerated corrosion test on magnesium oxychloride-coated reinforced concrete. Polarisation curves and AC impedance values measured using an electrochemical workstation were used to study the corrosion degree and the steps of corrosion during the coating anticorrosion process. Leaf infrared spectroscopy testing was performed to study the mechanism of asphalt anticorrosion degradation, and SEM tests were performed on asphalt coatings for different time periods to investigate the surface microscopic changes.




2. Test Materials and Testing Scheme


2.1. Raw Materials


The raw materials used in magnesium-oxychloride cement-reinforced concrete (MOCRC) are mainly magnesium oxide (MgO), magnesium chloride (MgCl2), a water-reducing agent, a water-resisting agent, fly ash, stone, sand, and reinforcement. The river sand is well graded and classified as medium sand. The gravel has continuous grading, and its performance index is qualified. Grade I fly ash (added to improve the durability of concrete) was used in this test. The water-resistant agent used was phosphoric acid (H3PO4); its H3PO4 content was not less than 85.0%, and the unit of chroma and haze was not more than 25. KD naphthalene superplasticiser JM-PCA (I) was used as the water-reducing agent. The specific basic physical properties are listed in Table 1. Tap water was selected, as it meets the requirements of the national industry standard “Concrete Mixing Water Standard” jgj63-2006. The reinforcement was hpb300, with Fy = 300 N/mm2. The mix of the magnesium cement concrete is listed in Table 2. The organic coating used was YP asphalt; its specific parameters are listed in Table 3.




2.2. Testing Scheme


The diameter of the reinforcement used was 8 mm, and the length was 100 mm. The reinforcement was subjected to acid and alkali washing before the preparation of the coating, and the thickness of the coating was 0.4 mm. The MOCRC was prepared according to the mix ratio in Table 2. The side length of the cube test piece was 100 mm, and the thickness of the protective layer was 46 mm. Group A comprised reinforced MOCC, and group B comprised ACRMOCC. After 24 h of forming, the sample was removed, and after 28 days of maintenance, the benchmark value was tested with an HC-U81 multifunctional concrete ultrasonic detector. Tests were conducted twice in the x- and y-axis directions. Each face was tested at the test point, as shown in Figure 1, avoiding the coated reinforcement during the test, and the average of four tests was calculated to represent the ultrasonic test results. Then, the mass of the test piece was weighed. Finally, the block was placed in a sodium chloride solution with a concentration of 1.5 mol/L, with the solution height reaching 2/3 that of the test block. After immersion for 1 day, the benchmark value test was performed with a CS350 electrochemical workstation. The electrochemical test diagram is shown in Figure 2. The electrode area of coated steel bar as a working electrode was 25.12 cm2, and that of the thin stainless-steel plate as an auxiliary electrode was 30 cm2 larger than that of the working electrode. The saturated KCl electrode was used as the reference electrode.



According to the previous research results of our research group, the solution immersion test was used to study the durability of concrete [9,10,11]. After the benchmark value test, the test piece was immersed in a solution. We conducted an electrochemical test on the test block every 90 days. After the electrochemical test, the test block was dried for 5 days, and then conduct ultrasonic testing and mass loss testing were performed. A standard glass slide was used as the bearing base plate, and the paving thickness of asphalt on the glass slide was 0.2 cm. The prepared asphalt specimen was immersed in magnesium chloride solution (the chloride ion concentration was 1.5 mol/L). Fourier transform infrared spectroscopy (FTIR) was conducted every 180 days. The FTIR used in the experiment (Nicolet 6700) had an optical resolution of 0.9 cm−1, a spectral range of 350–7800 cm−1, and 15 scanning speeds. The Fourier transform infrared spectrometer is shown in Figure 3. The morphology of asphalt in the chloride solution was analysed using a low-vacuum scanning electron microscope (JSM-5600LV, manufactured by Japan Electronics Corporation, Tokyo, Japan), the resolution of which was 3.5 nm. The corresponding relationship between the corrosion current density and the corrosive degree of reinforcement is reported in Table 4.





3. Test Results


3.1. Polarisation Curve Test Results


Figure 4a–d shows that, from 0 to 90 days, the corrosion potential moved in a positive direction, from −0.75 to −0.55 V. From 90 to 180 days, the corrosion potential shifted from −0.55 to − 0.53 V. From 180 to 270 days, the corrosion potential changed from −0.53 to −0.56 V. From 270 to 360 days, the corrosion potential changed from −0.56 to −0.60 V. From 360 to 450 days, the corrosion potential changed from −0.60 to −0.52 V. Finally, from 450 to 2160 days, the corrosion location moved in both the positive and the negative directions. The corrosion potential of group B also moved during the whole immersion period. It can be seen that the corrosion potential of groups A and B moved in both positive and negative directions during the whole immersion period. These positive and negative movements of the corrosion potential reflect the difficulty in corroding (coated) steel bars. The positive movement indicates that corrosion is more difficult, while the negative movement indicates that corrosion is easier [31,32,33].



Figure 5 shows that the anodic polarisation curve is steep and that the cathodic polarisation curve is gentle during part of the immersion cycle, but the anodic polarisation curve becomes gentle, and the cathodic polarisation curve becomes steep as the immersion progresses. The anode polarisation curve is slightly flat, indicating that the Tafel slope is somewhat small, while the cathode polarisation curve is steep, indicating that the cathode Tafel slope is somewhat large. That is, there is slight resistance to anodic dissolution, indicating that the coated steel bar is in an easily corrodible state. A slightly steep anodic polarisation curve indicates a slightly larger Tafel slope, while a gentle cathodic polarisation curve indicates a slightly smaller Tafel slope. That is, there is slightly greater resistance to anodic dissolution, indicating that the coated steel bar is in a state in which corrosion is difficult.



For group A, the corrosion mechanism is as follows [34]:


  F  e  2 +   + 2 C  l −  + 4  H 2  O → F e C  l 2  ⋅ 4  H 2  O  



(1)






  F e C  l 2  ⋅ 4  H 2  O → F e     O H    2  + 2 C  l −  + 2  H 2  O  



(2)







When oxygen is sufficient, Fe(OH)2 is oxidised to Fe(OH)3, and Fe(OH)3 is dehydrated to form Fe2O3 (red rust):


  4 F e     O H    2  +  O 2  + 2  H 2  O → 4 F e     O H    3   



(3)






  2 F e     O H    3  → F  e 2   O 3  + 3  H 2  O  



(4)







In contrast, under the condition of insufficient oxygen, Fe(OH)2 is oxidised insufficiently to form Fe3O4 (black rust):


  6 F e     O H    2  +  O 2  → 2 F  e 3   O 4  + 6  H 2  O  



(5)







Therefore, the continuous accumulation of steel corrosion and the continuous penetration of chloride ions into the corrosion layer further led to the positive and negative movement of corrosion potential and the changes in the slopes of the anode and cathode polarisation curves [35,36].



For group B specimens, the protection provided by asphalt to reinforcements is mainly a barrier function; that is, the asphalt prevented direct contact between Cl− ions and reinforcements and prevented them from accelerating the corrosion of reinforcement. It can be seen from Figure 5 that, from 0 to 2160 days, the Tafel slope of the anodic polarisation curve is less than that of the cathodic polarisation curve; that is, the solution continuously invaded the coating, causing corrosion of the steel bars.



Figure 6 shows that icorr of group A is 0.11 µA/cm2 at 0 days, and that of group B is 0.03 µA/cm2 at 0 days. According to Table 4, group A specimens are in a low-corrosion state, and group B specimens are in a no-corrosion state. That is, when reinforcements are not protected by the coating, they will reach a state of corrosion after curing in MOCC. icorr for group A is 7.88 µA/cm2 at 2160 days, and that of group B is 0.08 µA/cm2 at 2160 days. According to Table 4, the specimens in group A are in a serious corrosive state, whereas those in group B are still in a no-corrosion state. These results demonstrate that the YP coating can protect the steel bars from corrosion in MOCC.




3.2. AC Impedance Test Results


Figure 7, Figure 8, Figure 9, Figure 10, Figure 11, Figure 12, Figure 13 and Figure 14 show the electronic impact spectroscopy test results for group A and B samples, among which Figure 7a, Figure 8a, Figure 9a, Figure 10a, Figure 11a, Figure 12a, Figure 13a and Figure 14a are Nyquist diagrams, and Figure 7b, Figure 8b, Figure 9b, Figure 10b, Figure 11b, Figure 12b, Figure 13b and Figure 14b are Bode diagrams. Nyquist and Bode diagrams reflect the changes in the corrosion system process of the steel. Based on the equivalent circuit, the Rc values of asphalt-coated steel and bare steel were calculated, as shown in Figure 15. It can be concluded from Figure 7a, Figure 8a, Figure 9a and Figure 10a that there are two resistance arcs in the figure, namely the resistance arcs with small radii in high- and low-frequency areas. This feature indicates that the reinforcement is rusted. From Figure 11a, Figure 12a, Figure 13a and Figure 14a, one can observe two capacitance reactance arcs, namely the semicircle resistance arc with a small radius in the high-frequency region and the capacitance arc with a large radius in the low-frequency region, and the tail drag phenomenon in the low-frequency area is short. The capacitance information for the interface between the surface of the coating and the pore electrolyte solution of magnesium oxychloride cement in the high-frequency region is the resistance and the barrier capacitance of the coating. The greater arc resistance radius in the high-frequency area indicates a better protective effect of the coating on the reinforcement. The capacitance information for the interface between the bottom reinforcement and the electrolyte solution corresponds to the resistance arc in the low-frequency region. The drag phenomenon [37,38] is also produced, indicating the appearance of diffusion-related Warburg impedance of the original corrosion system. The reason for the tail dragging in the low-frequency area is that the solution gradually invades the inside of the coating, causing the steel bar to rust, and the corrosion product concentration at the interface is high; thus, it needs to spread to the outside. During the whole immersion period, the arc radius of the high-frequency zone increases and decreases continuously. The main reason for this behaviour is that the formation of a corrosion layer acts as a barrier, and the barrier prevents further corrosion. As the corrosion further invades the inside of the coating, the impedance value increases and decreases, causing the change in the resistance radius in the high-frequency region. In addition, Figure 7b, Figure 8b, Figure 9b, Figure 10b, Figure 11b, Figure 12b, Figure 13b and Figure 14b show that the time parameters of group A samples occur in the high-frequency area with a frequency of 103–105 Hz, and there is no time parameter generation at other frequencies, indicating that corrosion occurs on the surface of the steel bars and the corrosion substance acts as protection. For group B, the time parameters appear in the low-frequency region (25) with a frequency of 10−2–10−1 Hz; that is, corrosion on the surface of the substrate occurs. For group A, RC was 1440.21 Ω at 0 days and 113.51 Ω at 2160 days, exhibiting a trend of decreasing with the increase in soaking time. For group B, RC was 6.71 × 104 Ω at 0 days and 842.57 Ω at 2160 days, and it decreased with the increase in soaking time.




3.3. FTIR Test Results


The FTIR test on asphalt was performed every 180 days. Figure 16 shows the peak area in the atlas changes under different soaking ages, and the hydroxyl peak at 3400 cm−1, the carbonyl group at 1700 cm−1, and the carbonyl group at 1031 cm−1 undergo obvious changes, while the other peak position spectra only change slightly. The reason for this difference is that there are hydroxyl groups in the phenol molecules. Owing to the influence of aromatic rings, the p orbital of the hydroxyl oxygen with lone pair electrons in the phenol is conjugated with the π bond of the aromatic ring. This conjugation endows phenols with obviously different properties from those of other substances containing hydroxyl groups. When they meet with water, they can form hydrogen bonds with it. In addition, phenols will ionise when they meet with water and dissociate into hydrogen ions with a positive charge and phenoxy anions with a negative charge, as shown below (Figure 17) [22].



Its molecular formula can be written as [image: Applsci 13 04759 i001]. When water is present, the following reactions occur (Figure 18) [22]:



Sulphite is unstable, and the following decomposition reactions can occur in the presence of water [22]:


   H 2    SO  3  ⇔  H 2     O + SO   2  ↑  



(6)






   H +     + HSO   3 −  ⇔    2 H   +     + SO   3  2 −    



(7)








3.4. Crack Development and Quality Degradation Results


The durability of MOCRC was analysed using the relative dynamic modulus of elasticity evaluation parameters ω1 and relative mass evaluation parameters ω2 [22]. The formula for ω1 is


   ω 1  =    E r  − 0.6   0.4    



(8)




where    E r  =    E t     E 0    =    V t 2     V 0 2     , with E0 being initial dynamic elastic modulus, Et being the dynamic elastic modulus at time t, V0 being the initial wave velocity (in km/s), and Vt being the wave velocity (km/s) at time t. When ω1 < 0, the specimen reaches the failure state; when 0 ≤ ω1 < 1, the specimen undergoes damage but does not reach the failure state; and when ω1 ≥ 1, the specimen does not reach the failure state and is in good condition. The formula for ω2 is


   ω 2  =    M r  − 0.95   0.05    



(9)




where    M r  =    M t     M 0     , with M0 being the initial mass and Mt being the mass at time t. When ω2 < 0, the specimen reaches a failure state; when 0 ≤ ω2 < 1, the specimen undergoes damage but does not reach a failure state; and when ω2 ≥ 1, the specimen does not reach a failure state and is in good condition.



As shown in Figure 19a, at 2610 days, the relative dynamic modulus of the elasticity evaluation parameter ω1 for group A specimens is 0.942, and that of group B specimens is 0.946, indicating that there is crack development in the specimens. From Figure 19b, the masses of groups A and B began to decrease after 90 days. At 2610 days, ω2 for group A was 0.959, and that for group B was 0.962. However, on the whole, the quality loss was not substantial, being 0.2% and 0.3%, respectively. The development of cracks and quality loss interact with each other, and they promote each other. At the same time, the corrosion of steel bars will also cause the development of cracks. However, the mass loss of concrete is due to the continuous hydrolysis of 5Mg(OH)2·MgCl2·8H2O and 3Mg(OH)2·MgCl2·8H2O, which produce Mg(OH)2 and MgCl2, and continuously decreases the concrete’s compactness. The specific chemical path is as follows [22]:


        Mg  3     ( OH )   5       ( H   2   O )   x     +  ·   Cl  −  ·  ( 4  − x    ) H   2     O + H   2  O →    3 Mg ( OH )   2     + H   +     + Cl   −     + 4 H   2  O  



(10)






        Mg  2     ( OH )   3       ( H   2   O )   x     +  ·   Cl  −  ·  ( 4  − x    ) H   2     O + H   2  O →    2 Mg ( OH )   2     + H   +     + Cl   −     + 4 H   2  O  



(11)







HCl and some of the Mg(OH)2 generate water-soluble MgCl2, the chemical equation of which is


     2 HCl + Mg ( OH )   2  →   MgCl  2     + 2 H   2  O  



(12)








3.5. Microscopic Test Results


SEM images of YP asphalt in different periods are shown in Figure 20. Among them, Figure 20a,b show that YP asphalt is soaked for 1080 and 2160 days, respectively, and the magnifications in the panels designated −1, −2, and −3 are 200×, 500×, and 5000×, respectively. It can be seen in Figure 20 that numerous white crystals have attached to the asphalt surface, and these white crystals are MgCl2. An enlargement of the attachment of chloride crystals in Figure 20(a-2) is shown in Figure 20(a-3), from which we can see that there are many folds on the asphalt surface. It can be seen from Figure 20b that, with the increase in soaking time, the amount of chloride salt adhesion on the asphalt surface is increasing, and the chloride salt adhesion is enhanced. The result is shown in Figure 20(b-3), from which it can be seen that the chloride salt has penetrated into the asphalt. Therefore, it can be further concluded that the protective effect of asphalt on reinforcements is mainly realised by its barrier function, while the corrosion of the chloride solution on asphalt is mainly the corrosion of chloride to the interior of asphalt, and the invading salt provides a channel for the water solution to invade into the interior of asphalt. The combination of the two results in the degradation of the asphalt protective effect.





4. Conclusions


(1) According to the polarisation curve test results, after 2160 days of immersion in the solution, group A specimens were in a severely corroded state, while group B specimens were still in an uncorroded state, indicating that the asphalt coating had a good protective effect on the reinforcement.



(2) According to the relative dynamic elastic modulus evaluation index and the relative quality evaluation index, the durability deterioration of the specimens with asphalt coating after 2160 days of solution immersion was less than that of bare steel specimens. It is shown that using asphalt coating to protect steel bars can effectively improve the durability of MOCRC.



(3) According to the SEM test results, the protective effect of asphalt on reinforcements is mainly realised by its barrier function. Based on the comprehensive analysis of solution immersion test results, it can be concluded that it is feasible to use asphalt coating to insulate the corrosion of chloride ions in MOCRC to steel bars and improve the durability of MOCRC.
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Figure 1. Test block plan. 






Figure 1. Test block plan.
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Figure 2. Three-electrode system electrolytic cell test schematic. 
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Figure 3. Fourier transform infrared spectrometer. 






Figure 3. Fourier transform infrared spectrometer.
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Figure 4. Polarisation curves for group A specimens. 
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Figure 5. Polarisation curves for group B specimens. 
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Figure 6. Calculation results for corrosion current density. 
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Figure 7. Nyquist and Bode diagrams for group A specimens (0–450 days). 
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Figure 8. Nyquist and Bode diagrams for group A specimens (540–990 days). 
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Figure 9. Nyquist and Bode diagrams for group A specimens (1080–1530 days). 
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Figure 10. Nyquist and Bode diagrams for group A specimens (1620–2160 days). 
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Figure 11. Nyquist and Bode diagrams for group B specimens (0–450 days). 
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Figure 12. Nyquist and Bode diagrams for group B specimens (540–990 days). 
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Figure 13. Nyquist and Bode diagrams for group B specimens (1080–1530 days). 
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Figure 14. Nyquist and Bode diagrams for group B specimens (1620–2160 days). 
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Figure 15. Polarisation impedance for group A and B specimens. 
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Figure 16. FTIR spectrum of asphalt. 
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Figure 17. Phenol ionization reaction. 
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Figure 18. Sulfoxides react with water to form sulfurous acid. 
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Figure 19. ω1 and ω2 results for group A and B specimens. 
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Figure 20. SEM images of asphalt in a chloride solution at different times and magnifications. (a-1) ×200. (a-2) ×500. (a-3) ×5000. (b-1) ×200. (b-2) ×500. (b-3) ×5000. 
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Table 1. Physical indicators of the water-reducing agent.
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Species

	
Density

Value

(g/mL)

	
pH

	
Alkali

Content

(%)

	
Water

Reduction

Rate (%)

	
Bleeding

Rate (%)

	
Compressive

Strength Ratio

	
Recommended

Dosage




	
3 d

	
7 d

	
28 d






	
PCA(I)

	
0.0003

	
8.08

	
≤3.88

	
34

	
0

	
168

	
149

	
139

	
0.02
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Table 2. Mixing proportion of MOCC (kg/m3).
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	MgO
	Water

Reducer
	Water

Repellent
	Sand
	Cobblestone
	MgCl2
	Water
	Slum

(mm)





	388.96
	2.288
	1.6016
	625
	1162
	147.811
	135.586
	120
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Table 3. YP-modified asphalt technical indicators.
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Detection Indicator

	
Unit

	
Test Result

	
Technical Requirement






	
Penetration (25 °C, 5 s, 100 g)

	
0.1 mm

	
88

	
80–100




	
Penetration index (PI)

	
—

	
−1.06

	
−1.5–1.0




	
Ductility at 10 °C

	
cm

	
>100

	
≥30




	
Softening point TR&B

	
°C

	
45.0

	
≥44




	
Dynamic viscosity coefficient at 60 °C

	
—

	
281.0

	
≥140




	
Flash point

	
°C

	
295

	
≤245




	
Solubility

	
°C

	
99.74

	
≥99.5




	
Wax content (distillation method)

	
%

	
1.7

	
≤2.2




	
Density

	
g/cm3

	
0.986

	
Measured value




	
RTFOT

	
Quality change

	
−0.04

	
−0.8–0.8




	
Residual penetration ratio

	
75

	
≥57




	
Residual ductility at 5 °C

	
46

	
≥8
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Table 4. Corresponding relationship between corrosion current density and corrosive degree of rebar.
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	icorr (μA·cm−2)
	icorr < 0. 1
	0.1 ≤ icorr < 0.5
	0.5 ≤ icorr < 1
	icorr ≥ 1





	rusting condition
	no corrosion
	low corrosion
	medium corrosion
	serious corrosion
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