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Abstract

:

High-energy substances like effect propellant and propellant are used in fireworks. In the process of manufacture, transportation, and use, heat can easily get out of control. The emulsifier polyisobutene succinimide (T152) is frequently used to emulsify explosives. Given the thermal safety of the propellant in fireworks, this paper used the emulsifier T152 to emulsify the propellant. Thermogravimetric Fourier-transform infrared spectrometry and differential scanning calorimetry were used to analyze and test the propellant. In addition, several methods of thermokinetic calculation were used to calculate thermal stability. The thermal stability of the propellant before and after adding T152 was compared and analyzed. The test results indicate that the apparent activation energy of the propellant increases with the addition of T152. The emulsifier improved the thermal stability of the propellant. The research results can provide relevant data and suggestions for the thermal reaction of pyrotechnic propellants, thereby reducing the potential risks of the fireworks industry.
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1. Introduction


Fireworks have long been a widely used commodity around the world. They are highly ornamental, carry different cultural connotations, and play an irreplaceable role [1]. However, their safety problems cannot be underestimated as a high risk factor [2]. The production process of fireworks is complicated, and many uncontrollable factors make the production process very dangerous. In the production process of finished products, semi-finished products, and raw materials, fireworks have flammable and explosive characteristics. Therefore, the production process can easily lead to fire and explosion accidents [3].



The uncontrolled usage of fireworks has resulted in numerous fatalities in recent years. For instance, on 4 December 2019, an explosion accident at Bixi Fireworks Manufacturing Co., Ltd. in Liuyang City, Hunan Province, China, resulted in 13 fatalities and 13 injuries, as well as a direct economic loss of 19.446 million yuan. Similarly, in June 2018, a fireworks warehouse explosion in Tultepec, Mexico, resulted in at least 24 fatalities and dozens of injuries. Finally, on 5 February 2019, 5 people were killed in a major fireworks accident in Liuzhou, China.The heavy casualties caused by these accidents demonstrate the potential dangers of fireworks [4,5].



Propellant is a typical energetic material and constitutes the main part of fireworks and firecrackers [6]. The presence of high-energy materials makes fireworks flammable and explosive. In its production, transportation, and storage, if it is affected by external energy, it will lead to combustion and explosion accidents [7]. The pyrotechnic medicine in fireworks is mainly composed of reducing agents, oxidants, and adhesives [8]. The response mode of a firework determines its safety during production and use. Statistics show that of all forms of energy stimulation, heat is the most common cause of accidents. Therefore, the essence of firework accidents lies in the firework system’s thermal imbalance [9,10]. A scientific and effective thermal safety evaluation method for fireworks can prevent accidents, reduce economic and property losses and casualties, and promote the development of the fireworks industry [11]. Therefore, it is essential to study the thermal safety of fireworks.



Emulsifiers are a crucial component of emulsified explosives, and their chemical properties are closely related to their explosive properties and stability [12,13]. Polyisobutene succinimide (T152) is a high-viscosity polymer emulsifier that has a cross-linking solid effect on droplets and can adsorb on the oil–water interface [14]. T152 emulsifier is non-toxic and non-irritating and is an ideal emulsifier for the production of emulsion explosives. In addition, T152 also has the advantage of good storage stability, so this paper selects T152 emulsifier as the research object. In this experiment, the T152 emulsifier was added to fireworks propellant to assess its impact on the thermal stability.



Based on thermal reaction kinetics, this study conducted experiments on fireworks launchers and emulsified launchers using thermal analysis instruments such as thermogravimetric Fourier-transform infrared spectrometry (TG-FTIR) and differential scanning calorimetry (DSC). The investigation obtained the thermal parameters of the fireworks propellant (PA) to evaluate the thermal safety of fireworks and firecrackers. The main research content includes two aspects: the thermal stability of fireworks propellants and emulsified propellants (PA-T152). The evolution of gaseous products during combustion was analyzed by infrared spectroscopy, thermokinetic reactions were modeled, and simulation calculations were performed. This practical study can provide reference data for accident prevention in the fireworks propellant context. If produced, the new propellant prepared in this study can reduce the risk of fireworks propellant during production and storage, which is very important.




2. Experimental and Methods


2.1. Sample


The primary experimental samples studied in this paper are from multitube fireworks products purchased from Tianjiao fireworks factory (Liuyang, Hunan, China). Their internal structure is diagrammed in Figure 1.



The main chemical involved in this experiment is polyisobutene succinimide (T152), purchased from Wuxi Southern Petroleum Additives Co., Ltd. (Wuxi, Jiangsu, China). Its physical properties include being a brown transparent viscous liquid with dispersible SDT > 55 [15]. T152 emulsifier has good low-temperature dispersion performance and certain high-temperature detergency. Furthermore, it also has the characteristics of good oil solubility, is insoluble in water, is slightly soluble in ethanol, and is non-volatile. Its relative molecular weight is around 800–5000 [16]. Its molecular structural formula is shown in Figure 2.



In the experiment, we ground the PA sample into a powder and dried it in a desiccator for 8 h. According to the physical and chemical properties of the PA, the drying temperature was set to 80 °C, and the vacuum degree was 0. Subsequently, the T152 emulsifier and propellant samples were mixed and stirred according to a proportion of 30% for thermogravimetric experiment.



The main experimental method of this experiment was the control experiment method. PA was used as a blank control, as a comparison standard, and PA-T152 was used as an experimental group to compare with PA. Except for the addition of T152, the other conditions of the two samples were the same. The experiment was set up as five groups of experiments with heating rates of 2.0, 4.0, 6.0, 8.0, and 10.0 °C/min, respectively. In order to avoid experimental errors and ensure the same experimental conditions, each group of experiments was repeated three times or more. The measurement procedures for the experiments were all the same.




2.2. Thermogravimetric Fourier-Transform Infrared Spectrometry (TG-FTIR)


Thermogravimetric analysis is a technique for determining the relationship between the quality change of a substance and temperature (or time) over a temperature range controlled by a specified program [17,18]. We can analyze experimental curves to learn about changes in the quality of the sample, the thermal stability of the sample, and the products of thermal decomposition. Fourier-transform infrared spectrometric analysis is an essential modern sample analysis method, which can identify the content of functional groups in the sample, widely used in the qualitative and quantitative analysis of all material samples [19,20]. The experiment to analyze the effect of the T152 emulsifier on PA used TG-IR (Nicolet iS20) produced by Thermo Fisher Scientific and TGA (TGA 2) produced by Mettler Toledo of Switzerland. The data acquisition frequency of FTIR was 5 s, the wave number range was 4000–400 cm−1, and the resolution was 1 cm−1. The experiment was carried out in a nitrogen atmosphere, and the net quality control of the sample was 1.80 ± 0.5 mg. Because the PA is high risk, the experimental dosage was very low to ensure the safety of the experiment. The heating range was set to 30.0–600.0 °C. The heating rate (β) of the experimental samples was set to 2.0, 4.0, 6.0, 8.0, and 10.0 °C/min.




2.3. Differential Scanning Calorimetry (DSC)


DSC is a thermal analysis technique that records the power difference between samples, references, and temperature (or time) under procedural temperature control. It is one of the most widely used thermal analysis techniques in thermogravimetric research [21,22]. The instrument used in this experiment was the DSC 821e (Mettler TA8000 system). Given that PA samples release much heat during the heating investigation, the experiment was performed in a golden crucible with a capacity of 40 μL. The temperature rise range of the experimental sample was 30.0–400.0 °C, and the β was consistent with the TGA experiment. When weighing propellants and emulsified propellant samples, the net quality control was 2.0 ± 0.5 mg. The entire measurement process took place in an air atmosphere.




2.4. Thermokinetic Analysis Methods


2.4.1. Kissinger Method


The Kissinger method, also known as the maximum method, is one of the basic methods for calculating the apparent activation energy (Ea) of composite materials. According to the Arrhenius kinetic equations, it can be obtained as [23,24]:


     d α    d t    = k   ( T )  f  ( α )  =  (   A  −    E a    R T      )  f  ( α )     = A    −    E a    R T        (  1 − α  )   n   



(1)




where k(T) is the reaction rate constant, T is the absolute temperature (K), f(α) is the reaction function, and α is the conversion rate. A is the pre-exponential factor (s–1), and Ea is the apparent activation energy. R represents the universal gas constant (8.314 J mol–1 K–1) [25], while (1 − α)n = f(α) represents a differential form of a dynamic function.



When T = Tp, that is, when the temperature reaches the maximum value, d2α/dt2 = 0. By differentiating both sides of Equation (1) and substituting d2α/dt2 = 0, we can obtain:


     d 2  α    d 2  t   =    d α    d t    [     E a  β   R   T p  2    −  A  −    E a    R T     n    (  1 − α  )    n − 1    ]   = 0   



(2)







That is:


     E a  β   R   T p  2       = A    −    E a    R T     n    (  1 − α  )    n − 1    



(3)







Kissinger considered that n(1 − α)n–1 is independent of β [26]. Therefore, the logarithm of Equation (3) is taken to obtain:


  ln  (   β    T p  2     )   = ln   (    A R    E a     )  −    E a      R T  p     



(4)







Different β were connected to a straight line. The values of A and Ea can be determined by the intercept and slope of the line, respectively [27].




2.4.2. Friedman Method


The Friedman method is also a kinetic analysis method based on the Arrhenius equation. Its differential equal conversion equation is [28]:


  ln    (     d α    d t    )   α   = ln   [   A f ( α )   ]  −    E a    R T    



(5)




where dα/dt is the reaction rate (s–1).




2.4.3. KAS Method


The KAS (Kissinger–Akahira–Sunose) method is similar to the Kissinger method [29], but the results are more comprehensive. As shown in Equation (6), the KAS equation is [30]:


  ln  (   β   T 2     )   = ln   [    A R    E a   G ( α )     ]  −    E a    R T    



(6)







Slightly different from the Kissinger method, the absolute temperature T(K) corresponding to different α values is also different. G(α) is the integral form of a dynamic mechanism function.




2.4.4. FWO Method


For different β, we can use FWO (Flynn–Wall–Ozawa) method for thermokinetic calculation; its equation is as follows [31]:


   ln β = ln   [      A E  a     R G ( α )     ]   − 2.315 − 0.4567     E a    R T    



(7)







Ea was obtained from the slope of two lines, lnβ and 1/T.




2.4.5. Vyazovkin Method


Vyazovkin proposed a model-free dynamics integration equation that is a function of temperature change under the same α [32]. Its formula is as follows [33]:


  − ln  t   α , t     = ln   [     A a     g ( α )     ]  −    E a    R T    



(8)




where tα,t is the time it takes to achieve different conversion rates.




2.4.6. Starink Method


The Starink method has a great deal of practical experience and exceptional accuracy. Starink conducted a summary analysis on the predecessor method and proposed a new equation [34]:


  ln  (   β   T  1.8      )     = C   s   − 1.0037     E a    R T    



(9)




where Cs in the equation is a constant.






3. Results and Discussion


3.1. Thermal Parameters of PA and PA-T152


3.1.1. Thermogravimetric Analysis Results


The TG and DTG curves of PA and PA-T152 at different β are shown in Figure 3 and Figure 4. The mass loss process of pure fireworks propellant can be divided into two stages. It can be seen from the figure that T0,s1 of the PA in the first stage occurs at 82.8–100.7 °C. The T0,s2 of the second-stage PA occurs in the temperature range of 233.8–269.2 °C. The reaction time of the thermal mass loss of PA reduces with the growth of β because the mass loss in both stages increases with the increase of β value. The thermal breakdown of components like sulfur in the PA may be the cause of the mass loss in the first step of the diagram. The mass loss in the second stage may be due to thermal decomposition. Figure 4 also shows the results of the mass loss derivative of fireworks propellant as a function of temperature at different β.



As seen in Figure 3 and Figure 4, the quality loss process of PA-T152 is also in two stages. Among them, the T0,s1 of the first stage occurs between 90.1–114.4 °C, and the mass loss T0,s2 of PA-T152 in the second stage is 251.7–287.2 °C. Compared with the pure propellant mentioned above, the T0 of PA-T152 is significantly higher, indicating that the thermal stability of PA-T152 is higher than that of pure propellant. It may be that the presence of T152 leads to a decrease in the decomposition rate of the PA. The thermogravimetric loss comparison data of PA and PA-T152 are presented in Table 1 and Figure 5.




3.1.2. Heat Flow Analysis Results


The DSC non-isothermal experiments’ results reveal PA’s thermal decomposition process at β of 2.0, 4.0, 6.0, 8.0, and 10.0 °C/min. Experimental results demonstrate that the thermal decomposition of PA can be divided into two stages. The first stage is endothermic, and Tp is around 131–135 °C. The second stage is exothermic, and there are two exothermic peaks. Both Tp1 and Tp2 increased with the increase of β. The range of Tp1 and Tp2 ranged from 313 to 335 °C and 357 to 392 °C under the five β values. During the thermal decomposition of PA, the average ∆H value of different β is about 3322 J/g, the specific data are shown in Table 2.





3.2. Calculation by Thermokinetic Equations


The Ea value of materials is an indispensable and essential reference when studying the thermal stability of composites if one is unable to accurately select the reaction mechanism function of the experimental sample. For kinetic analysis, different methods were used to calculate the Ea and pre-exponential factor of PA and PA-T152 to minimize errors caused by various factors. Pyrolysis kinetics calculations could be performed relatively accurately.



According to Equation (4), the Kissinger method was used for the linear fitting of PA and PA-T152, and the results were displayed in Figure 6. In Figure 6a, the slope of the line after fitting ln (β/Tp2) and 1000/Tp is −24,338.38. Therefore, according to the slope calculation, the Ea of PA is 202.35 kJ/mol. Similarly, the slope of the line after fitting in Figure 6b is −29,518.78, and the Ea value of PA-T152 can be calculated as 245.42 kJ/mol. Therefore, the values of the linear fit accuracy R2 of the two lines are 0.9725 and 0.9624, respectively, which is close to 1, indicating that both sample models have a better fit.



The Ea value is the maximum energy required for a material change. Therefore, the higher the value of Ea, the slower the thermal decomposition rate of the material. By comparing Figure 6a,b, the Ea value of PA-T152 (245.42 kJ/mol) is greater than that of pure PA (202.35 kJ/mol), indicating that the thermal stability of PA is improved after the addition of T152 emulsifier.



Different conversion methods (Friedman, KAS, FWO, Vyazovkin, and Starink) were used to calculate the thermokinetic parameters to ensure the reliability of the experimental results. The α value chosen for the calculation is between 0.05–0.99. However, the instability of the practical instrument and other factors lead to poor fitting accuracy when the α is less than 0.2 and larger than 0.8. Therefore, it is more instructive to select α fit at 0.2–0.8. The results of the calculations for PA and PA-T52 using the FWO method and the Vyazovkin method are shown in Figure 7 and Figure 8, respectively. The results of calculating Ea and R2 from TG curves of PA and PA-T152 using Friedman, KAS, and Starink methods are shown in Table 3 and Table 4.



In Figure 7, the average Ea and R2 of PA calculated by FWO are 184.40 kJ/mol and 0.9938, respectively; the average Ea and R2 of PA-T152 calculated by FWO are 203.96 kJ/mol and 0.9810. In Figure 8, the average Ea and R2 of PA calculated by Vyazovkin method are 183.96 kJ/mol and 0.9933, respectively; the average Ea and R2 of PA-T152 calculated by Vyazovkin method are 204.55 kJ/mol and 0.9791. Ea and R2 values of PA-T152 obtained through the other methods are shown in Table 2 and Table 3.



The calculation results demonstrate that the Ea values obtained by the four equal conversion methods are similar. It indicates that the fitting results of these four methods are better than those of the Kissinger method. The average Ea calculated by the four methods is 183.72 kJ/mol. The average Ea of PA calculated by the Friedman method is 146.06 kJ/mol, which is quite different from the average Ea calculated by other methods. The R2 value of Friedman method is 0.9889, which is also smaller than the other four methods, indicating that the fitting accuracy of PA by Friedman method is not good enough. The parameters calculated by different thermokinetic methods are shown in Figure 9. Figure 9a is the Ea value obtained by the six calculation methods, and it can be found that the value obtained by the Friedman method is relatively small. Figure 9b shows the R2 values obtained by the six calculation methods, and their linear fitting accuracy is very high. Therefore, other methods except Friedman are more suitable for calculating the Ea of PA and PA-T152.



By the same calculation, the average Ea of PA-T152 obtained by the four thermokinetic calculation methods is 204.15 kJ/mol, which has increased compared with the average Ea of pure PA (183.72 kJ/mol). It has been proven that after adding the T152 emulsifier, the Ea of PA is improved, that is, the stability of PA-T152 becomes better.




3.3. FTIR Analysis


TG-FTIR analysis was used to infer the gas products escaping from PA and PA-T152 during thermal decomposition and thermogravimetry. Figure 10 shows three-dimensional FTIR images of PA and PA-T152 in the combustion process. The infrared spectra of the temperature corresponding to the peak weight loss of PA and PA-T152 at 427 °C is shown in Figure 11. The corresponding spectral absorption peak positions of the two samples are similar. The CO2 absorption peaks of the two samples correspond at 2358 cm−1 [35], and the CO2 absorption peaks in this wave number range are greatly enhanced when the pyrolysis temperature rises from 82–427 °C. The mass loss peak at 80–430 °C in the thermogravimetric curves of Figure 3 and Figure 4 is related to the decomposition of the propellant to produce CO2. The telescopic vibration peak near 1510 cm−1 is N=O, indicating that the nitro compounds in the fireworks propellant begin to decompose at this stage [36]. Unlike PA, an asymmetric shrinkage peak appeared in PA-T152 near 2932 cm−1 due to a change in CH2 in T152 [37]. There was little difference between the prominent characteristic peaks of PA and PA-T152. However, the absorption peak intensity of PA after adding T152 was weaker than that of pure PA, indicating that the amount of carbon dioxide produced in the reaction process of PA-T152 was reduced. Because T152 inhibited PA thermal decomposition, the reaction’s intensity was reduced.





4. Conclusions


The thermal decomposition process of PA and the effect of the T152 emulsifier on the thermal stability of PA were studied by TG-FTIR and DSC. The experimental results of TGA show that the mass-loss process of PA can be divided into two stages. Although the mass loss of PA is still divided into two stages after the addition of T152, the T0 of the two stages is significantly higher than that of pure PA, which indicates that the addition of T152 reduces the decomposition rate of propellant and improves the thermal stability of PA. Furthermore, DSC results indicate that T0 and Tp of PA are positively correlated with β in the exothermic stage. The average ΔH of PA is 3321.96 J/g.



Based on the thermokinetic parameters of TGA, the Ea values of PA and PA-T152 were calculated by Friedman, KAS, FWO, Vyazovkin, and Starink methods. The results indicate that KAS, FWO, Vyazovkin, and Starink methods best estimate the thermokinetic parameters of PA and PA-T152. The Ea values calculated by the four equal conversion methods are similar. The Ea of PA is 183.7 ± 0.8 kJ/mol, and PA-T152 is 204.2 ± 0.5 kJ/mol. The average Ea of PA-T152 is larger than that of pure PA, indicating that PA-T152 has higher thermal stability.



In addition, the FTIR results specify that the CO2 absorption peaks of PA and PA-T152 were near 2358 cm−1, and the CO2 absorption peaks in the wave number range increased with the temperature rising and reached the maximum value at 430 °C. The N=O stretching vibration peaks near 1510 cm−1 indicate that nitro compounds begin to decompose. PA-T152 showed a contraction peak near 2932 cm−1, indicating that CH2 in T152 began to change. The characteristic peaks of PA and PA-T152 are similar, but the absorption peak intensity of PA after adding T152 is weaker than that of pure PA. Therefore, the amount of carbon dioxide produced by PA-T152 is reduced, and the reaction intensity is weaker than that of PA.



In summary, in PA storage and transportation, it is necessary to be alert to sudden and rapid ambient temperature increase, which makes it very easy for the PA self-reaction to cause violent spontaneous combustion or even an explosion in a short period. Therefore, mixing T152 with PA is beneficial to reduce the risk of thermal runaway of PA. Furthermore, the storage and transportation of PA should be carried out in a moisturizing state as much as possible to reduce the risk of thermal runaway. This study aids understanding of the thermal risk of pyrotechnic propellants. The data provided in this paper helps prevent thermal runaway accidents of firework propellants. However, the use of fireworks still needs further exploration to provide reference significance for practical application.
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Figure 1. Schematic diagram of fireworks section. 
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Figure 2. Molecular structural formula of polyisobutene succinimide (T152). 
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Figure 3. TG curves of PA and PA-T152 at different β. 
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Figure 4. DTG curves of PA and PA-T152 at different β. 
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Figure 5. DTG curves of PA and PA-T152 at different β. 
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Figure 6. Ea values of Kissinger method for different β in TGA experiments. 
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Figure 7. Calculation of Ea from TG curves for PA and PA-T152 using FWO model. 
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Figure 8. Calculation of Ea from TG curves for PA and PA-T152 using Vyazovkin model. 
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Figure 9. Radar plots of Ea values and R2 calculated by different thermokinetic methods. 
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Figure 10. Three-dimensional TG-FTIR spectra of PA and PA-T152. 
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Figure 11. FTIR spectra of PA and PA-T152 at 427 °C. 
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Table 1. Thermogravimetric loss data for PA and PA-T152.
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Sample

β (°C/min)

	
Mass

(mg)

	
PA

	
PA-T152




	
T0,s1 (°C)

	
T0,s2 (°C)

	
Maximum DTG (%/°C)

	
T0,s1 (°C)

	
T0,s2 (°C)

	
Maximum DTG (%/°C)






	
2.0

	
1.80 ± 0.5

	
82.8

	
233.8

	
0.66

	
90.1

	
251.7

	
0.61




	
4.0

	
94.9

	
241.1

	
0.65

	
110.7

	
274.6

	
0.59




	
6.0

	
95.2

	
261.2

	
0.60

	
118.1

	
280.4

	
0.56




	
8.0

	
96.8

	
268.3

	
0.56

	
119.1

	
285.4

	
0.48




	
10.0

	
100.7

	
269.2

	
0.47

	
114.4

	
287.2

	
0.44
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Table 2. Calorimetric data from dynamic scanning experiments of PA.
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Sample

	
PA




	

	
Endothermic

	
Exothermic




	
β (°C/min)

	
Mass (mg)

	
T0 (°C)

	
Tp (°C)

	
T0 (°C)

	
Tp1 (°C)

	
Tp2 (°C)

	
∆H (/J g)






	
2.0

	
1.80 ± 0.5

	
130–132

	
132–134

	
269–271

	
313–315

	
357–359

	
5284–5286




	
4.0

	
128–130

	
131–133

	
280–282

	
317–319

	
371–373

	
3712–3714




	
6.0

	
130–132

	
132–134

	
283–285

	
327–329

	
378–380

	
2880–2882




	
8.0

	
130–132

	
133–135

	
286–288

	
333–335

	
385–387

	
2429–3431




	
10.0

	
128–130

	
132–133

	
299–301

	
332–334

	
390–392

	
2302–2304
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Table 3. Thermogravimetric loss data for PA.
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Sample

	
PA




	

	
Ea (kJ/mol)

	
R2




	
α

	
Friedman

	
KAS

	
Starink

	
Friedman

	
KAS

	
Starink






	
0.1

	
109.15

	
155.04

	
155.48

	
0.9934

	
0.9987

	
0.9987




	
0.2

	
122.07

	
161.02

	
161.48

	
0.9961

	
0.9986

	
0.9986




	
0.3

	
137.10

	
173.84

	
174.26

	
0.9970

	
0.9972

	
0.9972




	
0.4

	
140.29

	
174.90

	
175.33

	
0.9964

	
0.9978

	
0.9979




	
0.5

	
145.82

	
180.75

	
181.17

	
0.9962

	
0.9987

	
0.9987




	
0.6

	
151.14

	
185.46

	
185.87

	
0.9953

	
0.9983

	
0.9983




	
0.7

	
159.04

	
192.84

	
193.24

	
0.9931

	
0.9967

	
0.9967




	
0.8

	
203.88

	
240.66

	
240.90

	
0.9433

	
0.9595

	
0.9599




	
Average

	
146.06

	
183.06

	
183.47

	
0.9889

	
0.9932

	
0.9933
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Table 4. Ea and R2 values of PA-T152 were obtained through different methods.
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Sample

	
PA-T152




	

	
Ea (kJ/mol)

	
R2




	
α

	
Friedman

	
KAS

	
Starink

	
Friedman

	
KAS

	
Starink






	
0.1

	
234.15

	
299.48

	
299.33

	
0.9631

	
0.9706

	
0.9708




	
0.2

	
145.85

	
183.71

	
184.04

	
0.9931

	
0.9886

	
0.9887




	
0.3

	
165.09

	
195.40

	
195.72

	
0.9892

	
0.9857

	
0.9859




	
0.4

	
167.26

	
193.35

	
193.69

	
0.9954

	
0.9896

	
0.9897




	
0.5

	
167.86

	
190.51

	
190.88

	
0.9935

	
0.9872

	
0.9873




	
0.6

	
163.75

	
184.23

	
184.64

	
0.9928

	
0.9850

	
0.9851




	
0.7

	
168.94

	
188.49

	
188.89

	
0.9907

	
0.9810

	
0.9812




	
0.8

	
178.74

	
196.05

	
196.44

	
0.9530

	
0.9443

	
0.9449




	
Average

	
173.95

	
203.90

	
204.20

	
0.9838

	
0.9790

	
0.9792
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