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Abstract

:

Epoxy coating formulations containing 1%, 3%, and 5% SiO2 nanoparticles were produced and applied on a mild steel substrate to achieve the objective of high performance corrosion resistance. The electrochemical impedance spectroscopy (EIS) technique was employed to measure the anticorrosive properties of coatings. The corrosion tests were performed by exposing the coated samples in a solution of 3.5% NaCl for different periods of time, varied from 1 h and up to 30 days. Fourier transform infrared spectroscopy (FT-IR) and X-ray diffraction (XRD) analyses revealed the presence of nanoparticles in the final cured samples. Establishing the incorporation of the nanoparticles in the coating formulations was confirmed by employing both of XRD and FT-IR techniques. The FT-IR spectra have proved to be satisfactory indicating that there was a complete reaction between the epoxy resin with the hardener. EIS measurements confirmed that the presence and the increase of SiO2 nanoparticles greatly improved the corrosion resistance of the epoxy coating. The highest corrosion resistance for the coatings was obtained for the formulation with 5% SiO2 nanoparticles content, particularly with prolonging the immersion time to 30 days.
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1. Introduction


In order to protect metal from corrosion, the metal surfaces are isolated from the environment with the help of polymeric coatings, as this is still the most conventional method to mitigate corrosion [1]. The properties of these coatings are then modified with the help of nano fillers such as TiO2 [2], ZnO [3], ZrO2 [4] and SiO2 [5] etc., to enhance the life and durability of coatings.



Silica nanoparticles have been studied for their ability in improving the scratch and abrasion resistance as well as the anticorrosion properties of the coatings [6]. Ghanbari and Attar [7] treated silica nanoparticles with 3-Glycidoxypropyltrimethoxysilane for proper dispersion and mixed in polymer matrix. Their epoxy coated mild steel samples were subjected to be investigated via its corrosion performance. These authors [7] found that modified nanoparticles coating exhibit superior corrosion resistance. Conradi et al. [8] prepared and applied silica modified coatings onto the surface of type DSS 2205 duplex stainless steel and cured it with temperature. The effects of incorporating silica on the corrosion resistance of the epoxy-coated steels were resulted in a significant improvement against chloride-ions and anticorrosion performance was enhanced with reduced degree of delamination and increase in surface roughness [8]. As reported in [9], synthesized silica particles were also applied on the surface of austenitic steel and was found to improve the ability of metal surface to resist corrosive ions.



The general structure of the coupling agents can be represented as RSiX3, where X represents the hydrolysable groups that could be chloro, methoxy, or ethoxy groups [10]. Inorganic nanoparticles are modified with the help of silane to avoid agglomeration [11,12]. Single layer coatings and multi-layer coatings both can be controlled by interfacial action. Multiple layers of coatings are applied to obtain different functionalities for specific applications. Then, the coated nanoparticles can be easily added to the matrix to form polymer nanocomposite [13].



This research aims to develop epoxy coatings containing 1%, 3%, and 5% silane modified SiO2 nanoparticles. This was to enhance the anticorrosion properties of epoxy coatings to be used for different applications and in areas where corrosion is a main cause of degradation of steel substrates. In our current work, the composition and the molecular structure for these coatings were characterized using FT-IR and XRD investigations. Also, the effect of incorporation of silica nanopigments in the epoxy/2pack coatings has been correlated with the electrochemical behaviors of the developed nanocomposite coatings. The enhancement of corrosion resistant properties of the fabricated formulations was investigated and compared to the previously published data [14] employing the EIS technique.




2. Materials and Methods


Epoxy resin (Epikote 1001) was purchased from Hexion chemicals and hardener (Aradur D-450 BD) was purchased from Huntsman Chemicals (Deggendorf, Germany). SiO2 nanoparticles used in this study were brought from Sigma-Aldrich (Glasgow, UK). Solvents such as acetone and xylene were purchased from local market.



For the purpose of achieving better anticorrosion behavior, the SN1, SN3, and SN5 formulations were prepared with different percentages of SiO2 nanoparticles as listed in Table 1. Each of these formulations included a bisphenol-A based epoxy resin, compatible solvents like xylene, methyl isobutyl ketone (MIBK), air releasing agent, and a hardener (D-450). The resin was diluted initially at 500 rpm in a mechanical mixer using xylene for 5 min and gradually all the ingredients of the formulations except nanoparticles were incorporated at the same speed. The air releasing additive is added at the beginning of the mixing of resin in order to achieve better mixing with xylene and MIBK. The SiO2 nanoparticles were dispersed in acetone in the presence of silane by the use of a sonication technique, which was employed for 40 min. After sonication, the nanoparticles dispersed phase was added slowly to the epoxy resin. Finally, the mixed slurry was thoroughly stirred at 5000 rpm for 45 min to get homogeneous dispersion and then left for 10 min to get stabilization. After stabilization, the D-450 hardener was added at 500 rpm to avoid air from being trapped before applying the formulations on the substrate mild steel plates.



Bruker D8 discover X-ray diffraction (XRD) containing Cu Kα was employed to confirm the presence of the nanoparticles in the epoxy coatings. The XRD was used at 40 kV and 40 mA as operating conditions. All the XRD scans were performed at room temperature with a speed of 2°/min and the range of 2θ was run between 10–80°. The FT-IR measurements were carried out on the epoxy formulations for studying the crosslinking reactions of the epoxy and hardener in the presence of nanoparticles. The corrosion behavior of the epoxy coatings was reported by the use of the EIS measurements. These measurements were performed in a three-electrode electrochemical cell. An Ag/AgCl (in a saturated KCl solution) was used as a reference electrode, stainless steel sheet as a counter electrode, and mild steel epoxy coated coupons as working electrode, respectively. The mild steel substrate was delivered by the Al Rajhi Steel Industries Company (Riyadh, Saudi Arabia); this steel had the following chemical compositions in weight percent (wt. %); 0.8% Mn, 0.18% C, 0.32% Si, 0.04% S, 0.04% P, and the rest was Fe. The EIS data were collected after varied exposure periods of time (1 h to 30 days) in 3.5% NaCl solutions. An Autolab Ecochemie PGSTAT 30 (Metrohm, Amsterdam, The Netherlands), was used at a frequency scan within the range of 100,000 to 0.1 Hz. The EIS experiments were carried out by applying a ±5 mV amplitude sinusoidal wave perturbation at the corrosion potential (ECorr). In order to ensure the reproducibility of the measurements, all impedance experiments were carried out in triplicate. Scanning electron microscope (SEM) micrographs and the energy dispersive X-ray (EDX) spectra were collected using a scanning electron spectroscopy machine that was delivered by JOEL (Tokyo, Japan). The SEM images and the EDX profiles were obtained at 15 kV.




3. Results and Discussion


3.1. Fourier Transforms Infrared Spectroscopy


Figure 1 depicts the FT-IR spectra of the SiO2 modified epoxy nano-coatings. The spectra were collected over the range from 360 cm−1 to 4000 cm−1. This was to report the changes that take place due to the presence of the nanoparticles. The FT-IR spectra regions correspond to epoxide ring (~830 cm−1), NH band of primary amines (1650 cm−1), OH groups (∼3400 cm−1) [15]. The broad peak at 3200–3500 cm−1 confirms the presence of the O–H bonds of aromatic ring stretching and N–H stretching. The presence of those groups indicates on the interaction of the epoxy resin and the hardener. On the other hand, the peaks at the region of 2900 cm−1 are attributed to the presence of the C–H groups for the diglycidyl ether of bisphenol-A (DGEBA) epoxy resin. The presence of all stated peaks in the prepared formulation confirms the structural of DGEBA in the modified coatings [16].



The characteristic peaks obtained for the silica modified cured samples can be represented as per the following discussion. The broad peak obtained in the band range of 3200–3500 cm−1 represents NH2 vibration absorption of the amine compound and (OH) stretching because of the epoxy crosslinking and the ring opening. The peak appeared at 3038 cm−1 is for the aromatic C–H stretching band. Another broad peak area in the rage of 2900 cm−1 are attributed to the C–H group that belongs to the DGEBA resin. The peaks at 1605 cm−1 confirm the presence of the N–H band that results from the presence of the primary amine group and indicates on the hardener-epoxy interaction. The appearance of the peak at 830 cm−1 reveals the presence of the 1,4-substitution of the aromatic ring for the DGEBA resin. The peak that appears at 467 cm−1 corresponds to the Si-O-Si bending [17]. The intensity of this peak increases with increasing the percentage of the nanoparticles in the epoxy. The absorption band at 917 cm−1, which can be identified as a terminal epoxy group, was not found in our coatings and if present would represent a curing of the DGEBA epoxy [18].




3.2. XRD Analyses


The XRD patterns for SiO2 nanoparticles and its modified coatings are shown in Figure 2 and Figure 3, respectively. As can be seen from Figure 3 that the broad peak in the 2 theta range of 15–20 degrees tells about the amorphous nature of the epoxy [19]. The position of the characteristic peak shown in the figure is not changed in the modified coatings depicted in Figure 3, which implies that there are no structural changes in coatings take place due to the presence of the SiO2 nanoparticles. The intensity resulted from the SiO2 nanoparticles is very small due to their low concentration. Therefore, similar patterns were obtained for all coatings as a result of the amorphous nature of the nanoparticles and epoxy resin [20].




3.3. EIS Measurement


EIS method has been frequently employed to understand the corrosion and corrosion protection of metals and alloys when exposed to aggressive media [21,22,23,24,25]. We have successfully used the EIS measurements to report the kinetic parameters for the electron transfer reactions at the electrode/environment interface that obtained from studying the corrosion and corrosion mitigation of several metals and alloys in sodium chloride solutions [26,27,28,29,30,31]. Here, the EIS measurements were carried out to report the effect of increasing the content of SiO2 nanoparticles on the corrosion resistance of the fabricated epoxy coating in 3.5% NaCl solution. Impedance measurements were also performed to report the corrosion of the epoxy coatings after prolonging the time of exposure in the chloride solution to various periods of time and up to 30 days.



The Nyquist plots obtained for the different coatings, (1) SN1, (2) SN3, and (3) SN5 after 1 h exposure period of time in 3.5% NaCl solutions are depicted in Figure 4. The obtained impedance data were best fitted to an equivalent circuit that is shown in Figure 5. The definitions of the elements of the equivalent circuit are as following: RS is resistance of the solution, Cdl is the double layer capacitance, RP1 is the first polarization resistance between the surface of the epoxy coating and a corrosion product layer that can be formed on its surface due to its reaction with the chloride solution, Q is the constant phase elements (CPEs), RP2 is a second polarization resistance that may have resulted at the interface between the formed surface film and the sodium chloride test solution, and W is a Warburg impedance [14,18,32]. The impedance data were also collected after prolonging the exposure periods of time for 5, 10, 15, 20, 25, and 30 days and the Nyquist spectra are shown in Figure 6, Figure 7, Figure 8, Figure 9, Figure 10 and Figure 11, respectively. The obtained measurements for the different coupons were also best fitted to the equivalent circuit model that is shown in Figure 5. The values of the parameters shown on the equivalent circuit are listed in Table 2.



It is seen from Figure 4 that the Nyquist plots, which were obtained after 1 h immersion in the chloride solutions, show two semicircles for SN1 and SN2 but only one semicircle for SN5. Here, the diameter of the semicircles gets increased with the increase of SiO2 nanoparticles. It is well known that the increase of the size of the obtained semicircle indicates on the increasing of the corrosion resistance of the surface. The presence of two semicircles for SN1 and SN3 may indicate on the occurrence of two different reactions; one at the interface between the coated coupon and its corrosion product that is formed on it. Meanwhile, the other semicircle may form as a result of the reaction that occurs at the interface between the corrosion products and the chloride test solution [14,18].



The corrosion resistance at this conditions increases for the fabricated coatings in the following order; SN5 > SN3 > SN1. This was also indicated by the readings listed in Table 2, where the values of RS, RP1 and RP2 (total polarization resistance is the sum of RP1 and RP2) increase with the increase of SiO2 nanoparticles. Moreover, the values of Cdl and Q also decrease with the content of SiO2 nanoparticles, which reflects on a more corrosion resistant surfaces. It is reported [32] that the n values define the constant phase element, Q, where if 1 > n > 0.5, the Q here represents a double layer capacitor (Cdl) that is having some pores. When 0.5 > n > 0, the Q represents a Warburg impedance (W) and indicates on a higher passivity for the surface of the materials under investigations. On the other hand, if the value of n is around the zero value, Q reflects an inductance (L). Since the values of “n” in this case are around 0.5 reveals that the presence of nearly a Warburg impedance. The presence of W in the equivalent circuit adds more confirmation on the higher passivity of the fabricated epoxy coatings, particularly the sample that contains 5% SiO2 nanoparticles.



Prolonging the time of exposure in 3.5% NaCl solutions for 5 days (Figure 6) and 10 days (Figure 7), the Nyquist plots showed the same order as in the case of 1 h immersion, Figure 4, but with much smaller semicircles for SN1 and SN3 and only one smaller semicircle for SN5. Here, prolonging the time of immersion to 5 and 10 days decreases the corrosion resistance as a result of the chloride ions contentious attack to the surface of the coatings. This was confirmed by the values of the impedance parameters listed in Table 2. The values of RS, RP1, and RP2 recorded lower values, while the Cdl and YQ are listed with higher values as compared to the shortest immersion period of time, 1 h.



Figure 8 depicts the typical Nyquist plots which were obtained after the immersion time of the coatings were extended to 15 days before measurement. It is shown that all additions of SiO2 (SN1, SN3, and SN5 coatings) give two semicircles but with increased width size as the content of the SiO2 nanoparticle was increased. Here, all resistances have lower values compared to their values when the immersion time was shorter as can be seen in Table 2. Again, this is certainly attributed to the continuous chloride ions attack against the surfaces of the coated panels. Even though, the best performance for a coating was also confirmed for the SN5 sample, which means that the increased concentration of SiO2 nanoparticles up to 5% provides an excellent resistance against corrosion in harsh solution such as the 3.5% NaCl one and even after long exposure periods of time. It is thus indicated that the SiO2 nanoparticles enhance the corrosion protection, but the effect of their content is evident in terms of long term corrosion protection. This was further also confirmed by prolonging the exposure periods of time to 20, 25, and 30 days as can be seen from Figure 9, Figure 10 and Figure 11, respectively.



The increase of immersion time decreases the corrosion resistances for all coatings and this effect increases with the increase of the period of the exposure in the chloride solution. However, the increase of SiO2 nanoparticles from 1% or 3% to 5% greatly increases the corrosion resistance, particularly when the time of immersion increases. At all conditions, the best performance for the manufactured coatings increased in the order of SN5 > SN3 > SN1. It is noticed from Table 2 that the value of the component “n” that accompanies Q for SN5 coating is much higher as compared to its value for SN1 and SN3 coatings. For that the constant phase elements (CPEs, Q) for SN5 coating have general characteristics of a typical double layer capacitor with little porosities and the CPE can be substituted for the capacitor, Cdl, to fit the semicircle more exactly [31,33]. The admittance and impedance of a CPE are defined as following, respectively [34],


YCPE = Y0 (jω)n



(1)






ZCPE = (1/Y0) (jω)−n



(2)




where, Y0 is defined as the modulus, j is an imaginary unit, ω is an angular frequency, and ‘n’ is an exponent that represents the phase shift. Since the value of “n” exponent is higher and close to unity for SN5 coating than its value for other coatings, the presence of some pores (in the outer layer that forms on SN5 coating due to the long immersion in the chloride solutions) was to cover the charged surfaces of the SN5 sample. All EIS results confirm that the presence of SiO2 nanoparticles in the epoxy coating increases its corrosion resistance as compared to the coatings without SiO2 present [14]. The EIS data also confirm that the increase of SiO2 highly enhances the corrosion resistance and this effect highly increases with the prolonging of the immersion time. Where, the best performance for the tested coatings against corrosion was SN5 sample even after prolonging the exposure periods of time in the 3.5% NaCl solutions to 30 days.




3.4. SEM Analyses


Figure 12 shows the SEM micrographs obtained from the surface of the mild steel coupons that were coated with (a) the epoxy without SiO2 present, (b) SN1, (c) SN3, and (d) SN5, before being immersed in the test solutions. It is seen from the SEM image obtained for the epoxy coating that had no SiO2 nanoparticles that the surface is homogeneous and has no irregularities or foreign particles to be observed. This indicates that the coating was perfectly applied on the surface and ensures the quality of our work. The presence of 1% of SiO2 nanoparticles has changed the appearance of the clarity of the image with some bright spots, which are defiantly due to the addition of the silica with the epoxy coating. Increasing the percentages of the silica in the epoxy coating to 3% and 5% has increased the number of the bright spots in the micrographs. This indicates that the presence of SiO2 nanoparticles changes the morphology of the epoxy coating and this effect increases with the increase of the silica nanoparticles to 3% and further to 5%.



In order to shed more light on the corrosion and/or degradation of the different epoxy incorporated SiO2 nanoparticles after their immersion for 30 days in the chloride test solution, 3.5% NaCl, the SEM micrographs were carried out. Figure 13 presents the SEM images taken for the surface (a) SN1, (b) SN3, and (c) SN5 epoxy coatings, respectively, after their immersion for 30 days in 3.5% NaCl solutions. It is seen from the figure that the SN1 sample has degraded and it is clear from the presence of some voids and corrosion products on its surface; there were even some small pits appearing. Increasing the SiO2 nanoparticles to 3%, SN3 coating, Figure 13b, improved the morphology of the image and decreased its degradation through increasing its corroison resistance. Further increasing the content of SiO2 to 5%, SN5 coating, Figure 13c, has greatly prevented the degradation of the surface of the coating as the surface looks completely homogenious with no indication on the presence of corrosion products formation. The SEM micrographs obtained after the longest exposure period of time, 30 d, confirm the data collected from EIS measurements both have proved that the increase of SiO2 nanoparticles increases the resistance of the coatings against corrosion and/or degradation even after long immersion periods of time.





4. Conclusions


Epoxy coatings with 1%, 3%, and 5% of SiO2 nanoparticles for outdoor application were fabricated then characterized using FT-IR, XRD, SEM, and EIS techniques. FT-IR results confirmed the presence of the SiO2 nanoparticles in addition to the completion of the curing reaction between resin and hardener. XRD results did not show any structural changes in epoxy coatings with addition of the SiO2 nanoparticles because both are amorphous in nature. In order to better report the corrosion of the fabricated coatings after various exposure periods of time in 3.5% NaCl solutions, the EIS measurements were carried out. It was found that the increase of SiO2 content from 1% to 3% and further to 5% greatly increases the corrosion resistance of the epoxy coatings. With the increase in the exposure time periods, coatings are deteriorated because of water uptake, but still it possesses higher anticorrosive properties. Results obtained for all coupons confirmed that the presence of SiO2 benefitted the traditional epoxy coating for excellent corrosion resistance. The formulation SN5 exhibits higher corrosion resistance followed by SN3, and finally SN1 coatings, and this effect is more evident when the exposure time increases from 1 h to 5 days, 10 days, 15 days, 20 days, 25 days, and is the highest after 30 days.
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Figure 1. FT-IR Spectra of epoxy coatings with different percentages of nanoparticle. 
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Figure 2. The XRD pattern obtained for the SiO2 nanoparticles. 
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Figure 3. XRD patterns obtained for the silica incorporated epoxy (SN1, SN3, and SN5) coatings. 
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Figure 4. Nyquist plots obtained for (1) SN1, (2) SN3, and (3) SN5 after their immersion for 1 h in 3.5% NaCl solutions. 
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Figure 5. Equivalent circuit model employed to fit the impedance data. 
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Figure 6. Nyquist plots obtained for (1) SN1, (2) SN3, and (3) SN5 after their immersion for 5 days in 3.5% NaCl solutions. 
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Figure 7. Nyquist plots obtained for (1) SN1, (2) SN3, and (3) SN5 after their immersion for 10 days in 3.5% NaCl solutions. 
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Figure 8. Nyquist plots obtained for (1) SN1, (2) SN3, and (3) SN5 after their immersion for 15 days in 3.5% NaCl solutions. 
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Figure 9. Nyquist plots obtained for SN1, SN3, and SN5 after their immersion for 20 days in 3.5% NaCl solutions. 
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Figure 10. Nyquist plots obtained for (1) SN1, (2) SN3, and (3) SN5 after their immersion for 25 days in 3.5% NaCl solutions. 
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Figure 11. Nyquist plots obtained for (1) SN1, (2) SN3, and (3) SN5 after their immersion for 30 days in 3.5% NaCl solutions. 
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Figure 12. SEM micrographs obtained for the surface of (a) the epoxy coating without SiO2 present, (b) SN1, (c) SN3, and (d) SN5, which were applied on the mild steel coupons before being immersed in the test solutions. 
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Figure 13. SEM micrographs obtained for the surface of (a) SN1, (b) SN3, and (c) SN5 epoxy coatings after their immersion for 30 days in 3.5% NaCl solutions. 
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Table 1. Incorporation of nanoparticles (SiO2) in epoxy/2pack formulations.
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	Formulation Code
	* Epoxy Resin (g)
	MIBK (ml)
	Xylene (ml)
	Silane (g)
	SiO2 Nanoparticles (g)
	* D-450 Hardener (g)





	Neat
	83.34
	8
	8
	2
	0
	16.66



	SN-1
	83.34
	8
	8
	2
	1
	16.66



	SN-3
	83.34
	8
	8
	2
	3
	16.66



	SN-5
	83.34
	8
	8
	2
	5
	16.66







* Epoxy resin and hardener are balanced according to stoichiometry not according wt %.













[image: Table] 





Table 2. EIS data obtained for SN samples after different time of immersion in the chloride test solutions.
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EIS Parameters




	
Coating/Time

	
RS/

Ω cm2

	
Cdl/

F cm−2

	
RP1/

k Ω cm2

	
Q

	
RP2/

k Ω cm2

	
W/

Ω −1/2




	
YQ/F cm−2

	
n






	
SN1-1 h

	
36.04

	
2.204 × 10−9

	
1593

	
2.268 × 10−8

	
0.54

	
2.246 × 105

	
1.690 × 10−5




	
SN3-1 h

	
42.04

	
2.077 × 10−9

	
1727

	
4.857 × 10−9

	
0.57

	
2.441 × 105

	
9.950 × 10−8




	
SN5-1 h

	
55.48

	
2.648 × 10−9

	
5574

	
8.999 × 10−6

	
0.64

	
2.961 × 105

	
4.136 × 10−8




	
SN1-5 d

	
37.54

	
2.179 × 10−9

	
1180

	
1.470 × 10−7

	
0.43

	
0.328 × 103

	
1.787 × 10−5




	
SN3-5 d

	
44.11

	
2.508 × 10−9

	
5273

	
6.10 × 10−10

	
0.53

	
1.002 × 103

	
4.890 × 10−9




	
SN5-5 d

	
57.96

	
2.123 × 10−9

	
6571

	
2.999 × 10−6

	
0.59

	
3.493 × 103

	
5.345 × 10−8




	
SN1-10 d

	
38.27

	
2.190 × 10−9

	
3806

	
3.313 × 10−7

	
0.37

	
4.977 × 103

	
1.097 × 10−8




	
SN3-10 d

	
48.32

	
2.424 × 10−9

	
4209

	
4.416 × 10−7

	
0.56

	
1.475 × 104

	
3.590 × 10−9




	
SN5-10 d

	
58.12

	
5.815 × 10−9

	
6987

	
8.125 × 10−8

	
0.75

	
4.516 × 103

	
2.222 × 10−8




	
SN1-15 d

	
41.39

	
2.239 × 10−9

	
3904

	
6.408 × 10−7

	
0.32

	
1.261 × 103

	
3.186 × 10−6




	
SN3-15 d

	
49.14

	
2.452 × 10−9

	
8121

	
3.286 × 10−7

	
0.46

	
2.895 × 103

	
5.060 × 10−7




	
SN5-15 d

	
58.41

	
2.333 × 10−8

	
9298

	
2.087 × 10−8

	
0.80

	
5.361 × 103

	
4.358×10−8




	
SN1-20 d

	
43.68

	
2.200 × 10−9

	
4185

	
6.537 × 10−7

	
0.30

	
1.415 × 103

	
4.989 × 10−6




	
SN3-20 d

	
50.18

	
2.358 × 10−9

	
6655

	
1.295 × 10−9

	
0.43

	
2.181 × 103

	
6.460 × 10−8




	
SN5-20 d

	
58.96

	
8.087 × 10−9

	
8112

	
3.793 × 10−9

	
0.83

	
1.476 × 104

	
1.787 × 10−7




	
SN1-25 d

	
45.58

	
2.218 × 10−9

	
4266

	
7.443 × 10−7

	
0.29

	
1.681 × 103

	
6.071 × 10−6




	
SN3-25 d

	
53.41

	
2.486 × 10−9

	
6987

	
1.166 × 10−6

	
0.36

	
2.136 × 103

	
2.350 × 10−7




	
SN5-25 d

	
59.32

	
2.421 × 10−9

	
9501

	
3.673 × 10−9

	
0.85

	
9.711 × 103

	
2.80 × 10−7




	
SN1-30 d

	
47.94

	
2.21 × 10−9

	
4523

	
7.265 × 10−7

	
0.28

	
1.816 × 103

	
6.903 × 10−6




	
SN3-30 d

	
54.28

	
2.479 × 10−9

	
5415

	
3.253 × 10−6

	
0.35

	
2.631 × 103

	
2.151 × 10−8




	
SN5-30 d

	
59.87

	
7.64 × 10−10

	
9685

	
3.757 × 10−9

	
0.88

	
7.957 × 103

	
3.810 × 10−7
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