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Abstract

:

During continuous casting, argon blowing from tundish cover (ABTC) can greatly prevent the flow of the remaining air and decrease the reoxidation of molten steel in tundish. In the current study, a numerical model based on a tundish of a two-strand slab continuous casting machine was established to investigate the feasibility and evaluate the protective casting effect of the ABTC process. The influence of operation parameters, including sealing schemes of tundish cover holes and the argon flow rate of the remaining oxygen content, were studied in tundish. Then, industrial trials based on the operation parameters from the numerical model were carried out to evaluate the protective effect of ABTC. The results indicate that the ABTC process has a great protective effect in avoiding increasing levels of nitrogen and losing titanium and aluminum. With the ABTC process applied, the average increment of nitrogen (△w[N]) in steel from the end of RH to tundish decreases by 90% from 10 × 10−6 to 1 × 10−6, the average loss of titanium (△w[Ti]) by 12.7% from 63 × 10−6 to 55 × 10−6, and the amount of aluminum (△w[Al]) decreases by 7.1% from 70 × 10−6 to 55 × 10−6. The injecting hole and baking holes should be sealed during the period of empty tundish to efficiently discharge the air. In order to ensure that the oxygen volume fraction in tundish is less than 1%, the argon flow rate should be ≥220 Nm3/h during the period of empty tundish and ≥80 Nm3/h during the period of normal casting.
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1. Introduction


High-cleanliness steel has been developed from advanced steel materials with the rapid expansion of transportation, national defense and marine engineering [1,2]. The number of oxide inclusions in molten steel is directly proportional to the total oxygen content of molten steel, which is usually treated as an indicator to evaluate the number of oxide inclusions. Although the purity of molten steel can be greatly improved by the refining of ladle [3,4,5], abundant oxide inclusions will produce and deteriorate the purity of molten steel if the protective casting is poor.



In the field of steel production, argon as a protective gas has been widely used in the process of continuous casting. The application of argon in ladle stirring [6,7,8,9,10], RH [11,12], the argon bubbling curtain [13,14] in tundish, and submerged entry nozzle [15,16,17,18] has provided a great protective effect on removing inclusions and alleviating the clogging of SEN (Submerged Entry Nozzle). However, the secondary oxidation of molten steel cannot be avoided in the early casting stage of the first ladle after baking tundish due to the untimely melt of protective slag. Argon blown into tundish from pipes installed on the tundish cover, as a kind of important protective casting process, plays an important role in decreasing the secondary oxidation of molten steel and improving its cleanliness. During the initial casting period after baking tundish, blowing argon into tundish and discharging air may prevent the molten steel from being reoxidized before the protective slag is fully melted. Wang [19] conducted a plant trial in Tang steel and found that the protective casting effect can be greatly improved when the residual oxygen volume fraction in tundish is less than 1%. Story [20] found that the loss of aluminum in molten steel may be decreased by 87.5% with argon blowing into tundish during the whole period of continuous casting. Considering the advantages of the process, some plants in Europe and Japan have been applied in industrial production and shown good effects [21]. For example, the defect rate of IF steel in Corus decreased by 38%, and the quantity of inclusions along the casting direction in POSCO significantly decreased after applying this process. Some plants in China have also adopted this process. Han Steel reported the average content of inclusions in low-carbon steel decreased from 0.47% to 0.32%. Gao [22] found the surface defect production rate of deep-drawing steel decreased from 7.78% to 2.62% as the diameter of argon blowing pipe increased from 20 mm to 34 mm.



Although ABTC has been applied in some plants, the numerical investigation and application assessment of ABTC has rarely been reported in the literature. Therefore, the current study aims to investigate the feasibility and evaluate the protective casting effect of ABTC during a continuous casting period. Firstly, a three-dimensional numerical model based on the practical two-strand slab tundish of the Pangang Group was built to investigate the behavior of oxygen volume fraction under different sealing schemes and argon flow rates during a period of empty tundish and normal casting. Then, plant trials based on the numerical simulation results and steel grade of M3A35 were carried out, where the increased nitrogen content and the loss of titanium and aluminum at the end of the RH process and tundish were tested to evaluate the protective casting effect.




2. Model Description


2.1. Governing Equations and Boundary Conditions


In order to simplify the numerical model and reduce its calculation time, the following assumptions were made:




	
The argon blown into the tundish and the air remaining in the tundish were regarded as incompressible fluids.



	
The whole process of protective casting was regarded as isothermal, and the energy loss of tundish was ignored due to the high temperature in tundish after baking and the low specific heat capacity of argon and air.



	
The temperature of argon blown into tundish was assumed to be the same as that of tundish, and the natural convection in tundish was ignored.



	
The effect of argon flow on molten steel and slag was ignored.








The flow of gas in tundish during the process of protective casting can be described by the following governing Equations:


    ∂ ρ   ∂ t   + ∇ ·   ρ u   = 0  



(1)






   ∂  ∂ t     ρ u   + ∇ ·   ρ u u   = − ∇ p + ∇ ·     μ +  μ t      ∇ u + ∇  u T      + ρ g  



(2)




where ρ is the mixture gas density, kg/m3; t is time, s; u is the velocity vector of mixture gas, m/s; p is the local pressure, Pa; μ is the mixture viscosity, kg·m−1·s−1; μt is the turbulent viscosity, kg·m−1·s−1; and g is the gravitational acceleration, m·s−2.



The standard two-equation k-ε model with scalable wall function is applied to describe the turbulent behavior of flow field, where the equation of turbulent kinetic energy transport and its dissipation rate transport can be solved to obtain the turbulent viscosity:


   μ t  = ρ  C μ     k 2   ε   



(3)







Turbulent kinetic energy, k, m2·s−2:


    ∂   ρ k     ∂ t   + ∇ ·   ρ u k   = ∇ ·     μ +  μ   σ k      ∇ k   +  G k  − ρ ε  



(4)




where G is the generation of turbulent kinetic energy due to the mean velocity gradients and can be written as:


   G k  =  μ t    ∂  u j    ∂  x i        ∂  u i    ∂  x j    +   ∂  u j    ∂  x i       



(5)







The dissipation rate of turbulent kinetic energy, ε, m2·s−3:


    ∂   ρ ε     ∂ t   + ∇ ·   ρ u ε   = ∇ ·     μ +    μ t     σ ε      ∇ ε   +  ε k     C 1  G −  C 2  ρ ε    



(6)




where C1, C2, Cμ, σk, σε are the empirical constants, whose values, as recommended by Launder and Spalding [23], are 1.38, 1.92, 0.09, 1.0, and 1.3, respectively.



The species transport equation was solved to obtain the volume fraction of air and argon, and then the volume fraction of oxygen can be obtained by the product of air volume fraction and 0.21 (the volume fraction of oxygen in air):


   ∂  ∂ t     ρ  Y i    + ∇ ·   ρ u  Y i    = − ∇ ·   −   ρ  D  i , m   +    μ t    S  c t      ∇  Y i    +  S i   



(7)




where Yi is mass fraction for species i, non-dimensional; Di, m is the mass diffusion coefficient for species i, m2·s−1; Sct is the turbulent Schmidt number, 0.7; Si is the source term for species i, kg·(m−3·s−1); and in the current study, i represents argon or air in tundish.




2.2. Experimental Facility and Numerical Model


Figure 1 shows the two-strand slab tundish schematic diagram. A tundish with a size of 7.77 × 1.68 × 1.32 m and a taper of 1.1 between the top face and bottom face has an injecting chamber and two symmetrical casting chambers. The injecting chamber has two baking holes, and each casting chamber has a baking hole and a stopper hole. The tundish cover is composed of an outer shell made of steel plates and filler made of refractory material. The argon pipe is buried inside the refractory material. Figure 2 shows the arrangement of the argon blowing pipe in the tundish cover. Fourteen argon blowing pipes with diameters of 30 mm were installed on the tundish cover, including six for the injecting chamber and four for each casting chamber. Before a tundish is used, the blast furnace gas is first adopted to bake the tundish through those baking holes for more than 30 min to completely eliminate water vapor. After baking the tundish, its temperature was greater than 1000 K. The process of ABTC will be conducted after baking tundish. Because the covering flux on the molten steel surface cannot be fully melted immediately, argon blown into tundish through those pipes may remove air and reduce molten steel secondary oxidation. During the period of empty tundish and normal casting, it is necessary to maintain the volume fraction of oxygen in tundish at a low level (<1%) to avoid the secondary oxidation of molten steel and improve its cleanliness.



During the period of empty tundish, the gas can be freely exchanged between the injecting chamber and casting chamber. However, during the period of normal casting, the injecting chamber and casting chamber are isolated by molten steel, which forms a separate injecting chamber and two separate casting chambers, in which the gas cannot exchange. Therefore, the mesh for the empty tundish and normal casting must be built separately. The mesh for empty tundish and normal casting is shown in Figure 3. Octahedron grids are adopted to a mesh in the calculating domain, and the numbers of meshes are 508,484 for empty tundish, 41,018 for isolated casting chamber, and 52,493 for isolated injecting chamber.



During the calculation, the velocity inlet boundary condition was used for those argon pipes, where the argon flow rate of each pipe is 1/14 of the total flow rate. The pressure outlet with a relative static pressure of zero was adopted for the opening hole, which is decided by the sealing scheme in the stage of empty tundish and the injecting hole and stopper hole in the normal casting according to the practical process. The non-slip wall boundary was used for all inner faces of tundish, which assumes that the gas velocity on the wall is zero. The initial condition of air volume fraction and temperature is assumed as 1 and 1000 K, respectively. The SIMPLEC algorithm was adopted to solve the transient problem. The timestep was set to 0.05 s for the current study. Calculation convergence was achieved when all residuals were lower than 10−4. The average volume fraction of oxygen is monitored throughout the calculation process. The tundish parameters and other related continuous casting process parameters are summarized in Table 1.




2.3. Model Validation


In order to verify the reliability of the numerical model, an industrial trial with an argon flow rate of 220 Nm3/h was conducted, and the injecting hole, baking holes, and stopper holes were kept open after tundish baking. The VF of oxygen at different times was measured using an Optima 7 gas analyzer. The measurement in the industrial trial was carried out 3 min after tundish baking due to the rapid pace of industrial production. A numerical simulation based on the process was also conducted. The data from the industrial test and numerical calculation are shown in Figure 4, demonstrating a better agreement between the experimental values and the simulation results.



A verification of grid independence was also performed in the current study. The operating parameter of the argon flow rate of 220 Nm3/h, with sealing the injecting hole, baking holes and an open stopper hole, was chosen. The average VF of the oxygen in the tundish at 300 s was discussed and used as the verification criterion. Table 2 shows the statistical results for different meshes. As shown in Table 2, the errors decrease with an increased number of cells. For the case of M3, the error relative to the finest mesh M4 is less than 5%, which is within the allowable error range. Therefore, considering the computational cost and efficiency, the mesh of M3 was adopted for the numerical calculation.





3. Results and Discussion


3.1. Numerical Simulation


3.1.1. Calculation of the Sealing Scheme of Tundish Cover Holes during the Period of Empty Tundish


During practical production, there are about 5~10 min for blowing argon into tundish from the end of tundish baking to the start of casting. In order to improve the efficiency of protective casting and fully discharge oxygen, asbestos is usually used to seal some holes, such as the baking hole, injecting hole, or stopper hole. To determine the best sealing scheme during the period of empty tundish, three schemes were designed and described, as shown in Table 3. The average volume fractions of oxygen with argon flow rates of 200 Nm3/h for different schemes were calculated in 10 min. The variations of average argon volume fraction with respect to time for different schemes are shown in Figure 5. As shown in Figure 5, the difference in average oxygen volume fraction at 10 min between the Schemes 1, 3 and 4 is small, which is 0.0174, 0.0167, and 0.0170 respectively. Scheme 2, sealing the injecting hole and all baking holes, is the best, and its average oxygen volume fraction is 0.0132 at 10 min.



Figure 6 shows the contour of oxygen volume fraction at 10 min. For Scheme 1, sealing all stopper holes and all baking holes, the oxygen volume fraction in the casting chamber is higher than that in the injecting chamber. The dam and wall of tundish isolate the casting chamber and injecting chamber, which results in the oxygen in the casting chambers not being smoothly discharged and forming a dead zone. For Scheme 2, sealing the injecting hole and all baking holes, the oxygen volume fraction in the injecting chamber and casting chamber is relatively uniform, which indicates a better effect of discharging oxygen. For Scheme 3—sealing the injecting hole, stopper hole 2, and all baking holes—the oxygen volume fraction in casting chamber 1 is lower than that in chamber 2, which indicates the negative effects of discharging oxygen due to the long distance from casting chamber 2 to the outlet (stopper hole 1). As for Scheme 4, opening all holes, the oxygen content in the injecting chamber is higher than that in the casting chamber due to the stronger backflow of air. Overall, Scheme 2 is the best and used for the analysis of argon flow rate.




3.1.2. Calculation of Argon Flow Rate during a Period of Empty Tundish


Figure 7a shows the variation of average oxygen volume fraction with time under different argon flow rates. The volume fraction of oxygen shows similar tendencies for different argon flow rates, but the increase in argon flow rate accelerates the reduction of oxygen volume fraction, which shows that increasing the argon flow rate is conducive to discharging oxygen in tundish. Figure 7b shows the effect of argon flow rate on average volume fraction of oxygen at different times. The average volume fraction of oxygen linearly decreases with the increase in argon flow rate. It can be reduced to 1% after 10 min when the argon flow rate is 220 Nm3/h, which indicates that the argon flow rate should be greater than 220 Nm3/h to ensure that the remaining volume fraction of oxygen is less than 1% and achieves a better protective casting effect during a period of empty tundish.




3.1.3. Calculation of Argon Flow Rate during a Period of Normal Casting


During a period of normal casting, the injecting chamber and casting chambers are isolated into independent chambers by molten steel. There is no gas exchange between those independent chambers. Compared with a period of empty tundish, the holding capacity of gas in the tundish largely decreases, and the argon flow rate should be adjusted during a period of normal casting. In order to determine the optimal argon flow rate, the variation of average oxygen volume fraction in an isolated injecting chamber and casting chamber was investigated, respectively. During the calculation, the oxygen volume fraction of Scheme 2 with an argon flow rate of 260 Nm3/h at 5 min was taken as the initial condition. During a period of normal casting, the baking holes are usually sealed except for the sampling operation, and the stopper holes and injecting hole remain open.



Figure 8a shows the variation of oxygen volume fraction with time in the isolated injecting chamber. The volume fraction of oxygen decreases with increasing argon blowing time, but the downtrend shows a tendency of increasing first and then decreasing with the increase in argon flow rate. The oxygen volume fractions after argon blowing for 5 min are 0.03, 0.0171, and 0.0259 when the argon flow rates are 60 Nm3/h, 80 Nm3/h, and 120 Nm3/h, respectively. Figure 8b shows the oxygen volume fraction at a given time under different argon flow rates. At a fixed time, the oxygen volume fraction first decreases and then increases with increase in argon flow rate, showing a minimum value at an argon flow rate of 80 Nm3/h.



In order to explain this phenomenon, the contours of oxygen volume fraction and velocity vector at z = 0 m section are abstracted and shown in Figure 9 and Figure 10. As shown in Figure 9, when the argon flow rate is 80 Nm3/h, the oxygen volume fraction in the injecting chamber is uniform, except the region near the injecting holes, where it is slightly higher than that in the other region. With the argon flow rate increasing to 140 Nm3/h, the region of oxygen volume fraction of more than 0.027 in injecting chamber significantly increases, and even extends into the vicinity of baking holes. This phenomenon can be explained by the velocity vector, as shown in Figure 10. Argon jets into the injecting chamber by the argon pipe installed on both sides of the injecting hole. After the argon jet impacts the molten steel, two horizontal streams occur and collide at the center of the injecting hole, and then discharge from the injecting hole. With the discharge in argon, a large amount of air is drawn into the injecting chamber and results in an increase in oxygen volume fraction. The phenomenon of air entrainment increases with the increase in argon flow rate. Therefore, the best argon flow rate in the injecting chamber is 80 Nm3/h.



The variation behavior of oxygen volume fraction in the isolated casting chamber was also investigated and is shown in Figure 11. The volume fraction of oxygen in the isolated casting chamber continuously decreases with the increase in argon blowing time, and the downtrend shows a positive correlation with argon flow rate. Figure 11b shows the oxygen volume fraction at a given time under different argon flow rates. The oxygen volume fraction decreases with the increase in argon flow rate at a given time and achieves 1% at 5 min when the argon flow rate is 80 Nm3/h, which indicates the argon flow rate in the isolated casting room should be greater than 80 Nm3/h. However, combined with the variation behavior of oxygen volume fraction in an isolated injecting chamber, the argon flow rate should be kept as 80 Nm3/h for the period of normal casting.





3.2. Industrial Application


In order to evaluate the process effect of ABTC, plant trials of two consecutive tundishes for continuous casting were conducted, and each tundish was used for six ladles. The first tundish with ABTC, under Scheme 2, was taken as the trial group, and the second tundish without ABTC was taken as the control group. The process parameters of ABTC and continuous casting are listed in Table 4.



During trials, steel samples at the end of RH and in the tundish for each ladle were taken, and the contents of nitrogen, titanium, and aluminum in the steel samples were measured and are listed in Table 5. By applying ABTC, the average nitrogen content of steel samples in tundish decreases from 22 × 10−6 to 16 × 10−6, and the average increased nitrogen content (△w[N]) from the end of RH to tundish decreases by 90% from 10 × 10−6 to 1 × 10−6. The average loss of titanium and aluminum decreases by 12.7% from 63 × 10−6 to 55 × 10−6 and 7.1% from 70 × 10−6 to 55 × 10−6, respectively. In general, the ABTC process is conducive to decreasing the increased nitrogen content of molten steel in tundish and the loss of titanium and aluminum. Therefore, the protective casting effect could be significantly improved by applying ABTC.





4. Conclusions


In this study, the feasibility and application effect of ABTC during a continuous casting period were investigated and evaluated through simulations and plant trials. The following conclusions can be drawn:




	(1)

	
The process of ABTC shows a great protective casting effect in avoiding increasing nitrogen and losing titanium and aluminum. As for the steel grade of M3A35, the average increment of nitrogen content (△w[N]) decreases by 90%, and the average losses of titanium △w[Ti] and aluminum △w[Al] decrease by 12.7% and 7.1%, respectively.




	(2)

	
During ABTC, the injecting hole and baking holes should be sealed, and the argon flow rate should be ≥220 Nm3/h to obtain better protective effects during a period of empty tundish.




	(3)

	
During a period of normal casting, the rational argon flow rate is 80 Nm3/h due to the strong air entrainment in the isolated injecting chamber.
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Figure 1. Structure diagram of a two-strand slab tundish. 
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Figure 2. Arrangement of the argon blowing pipe on the two-strand slab tundish cover (mm). 
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Figure 3. Mesh for empty tundish (a), isolated casting chamber (b), and isolated injecting chamber (c) (mm). 






Figure 3. Mesh for empty tundish (a), isolated casting chamber (b), and isolated injecting chamber (c) (mm).



[image: Metals 12 01801 g003]







[image: Metals 12 01801 g004 550] 





Figure 4. Snapshot of the industrial test (a) and comparison of the industrial test data and numerical calculation (b). 
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Figure 5. Variation of oxygen volume fraction in tundish for different schemes. 
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Figure 6. Contour of oxygen volume fraction at z = 0 m section, (a) for Scheme 1, (b) Scheme 2, (c) Scheme 3, (d) and Scheme 4. 
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Figure 7. Variation of volume fraction of oxygen with time for different argon flow rates (a), and effect of argon flow rate on the volume fraction of oxygen at different times (b). 
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Figure 8. Variation of oxygen volume fraction with time for different argon flow rates (a) and effect of argon flow rate on volume fraction of oxygen for different times (b) in an isolated injecting chamber. 
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Figure 9. Contour of argon volume fraction at the z = 0 m section for different argon flow rates in the injecting chamber: (a) 80 Nm3/h, and (b) 140 Nm3/h. 
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Figure 10. Vector of argon velocity at z = 0 m section in the injecting chamber. 
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Figure 11. Variation of oxygen volume fraction with time for different argon flow rate (a), and effect of argon flow rate on volume fraction of oxygen at different times (b) in an isolated casting chamber. 
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Table 1. Parameters of tundish and the casting process.






Table 1. Parameters of tundish and the casting process.





	Item
	Value





	Slab section size, mm × mm
	230 × 1300



	Casting speed, m·min−1
	0.9–1.2



	Depth of molten steel during normal casting period, mm
	1000



	Diameter of baking hole, mm
	380, 360



	Diameter of argon pipe, mm
	30



	Distance between molten slag surface and tundish cover, mm
	250



	Density of argon at 288 K, kg·m−3
	1.6228



	Density of air at 288 K, kg·m−3
	1.225



	Viscosity of argon, kg·m−1·s−1
	2.125 × 10−5



	Viscosity of air, kg·m−1·s−1
	1.789 × 10−5



	Mass fraction of oxygen in air
	0.21



	Mass diffusivity of mixture, m2·s−1
	2.88 × 10−5



	Total flow rate of argon blowing, Nm3·h−1
	60, 100, 120, 140, 200, 220, 240, 260
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Table 2. Error statistics of different meshes.






Table 2. Error statistics of different meshes.





	Mesh
	M1
	M2
	M3
	M4





	Total cell number
	192,236
	325,618
	508,483
	612,348



	Total node number
	998,050
	1,878,166
	2,932,932
	3,532,026



	Average volume faction of oxygen
	0.04846
	0.04765
	0.04591
	0.04511



	δoxygen = |VFoxygen-i − VFoxygen-4|/VFoxygen-4
	0.0743
	0.0563
	0.0179
	–
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Table 3. Sealing schemes of tundish cover holes.






Table 3. Sealing schemes of tundish cover holes.





	Scheme No.
	Seal of Tundish Cover Hole





	1
	Stopper hole 1–2, baking hole 1–4



	2
	Injecting hole, baking hole 1–4



	3
	Injecting hole, stopper hole 2, baking hole 1–4



	4
	None
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Table 4. Process parameters of argon blowing tundish cover and continuous casting.






Table 4. Process parameters of argon blowing tundish cover and continuous casting.





	Item
	Value





	ABTC during a period of empty tundish
	Argon flow rate: 220 Nm3/h; Time of argon blowing: 3 min



	ABTC during a period of normal casting
	Argon flow rate: 100 Nm3/h; Time of argon blowing: all the other time



	Steel grade
	M3A35



	Steel composition, wt%
	C ≤ 0.002, Si ≤ 0.005, Mn: 0.05~0.08, Ti: 0.065~0.085, Al: 0.02~0.035, Cr ≤ 0.05, Ni ≤ 0.05, Mo ≤ 0.01



	Casting speed, m/min
	1.12



	Section size of slab, mm × mm
	1300 × 230
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Table 5. Mass fractions of nitrogen, titanium, and aluminum of steel samples at the end of RH and in tundish.






Table 5. Mass fractions of nitrogen, titanium, and aluminum of steel samples at the end of RH and in tundish.





	
Heat No.

	
Trial Group with ABTC, ×10−6

	
Control Group without ABTC, ×10−6




	
End of RH, w

	
Tundish, w

	
Increment, △w

	
End of RH, w

	
Tundish, w

	
Increment, △w




	
[N]

	
[Ti]

	
[Al]

	
[N]

	
[Ti]

	
[Al]

	
[N]

	
[Ti]

	
[Al]

	
[N]

	
[Ti]

	
[Al]

	
[N]

	
[Ti]

	
[Al]

	
[N]

	
[Ti]

	
[Al]






	
1

	
15

	
760

	
434

	
15

	
710

	
350

	
0

	
−50

	
−84

	
16

	
750

	
448

	
17

	
700

	
360

	
1

	
−50

	
−88




	
2

	
12

	
820

	
427

	
16

	
760

	
380

	
4

	
−60

	
−47

	
16

	
800

	
462

	
28

	
750

	
420

	
12

	
−50

	
−42




	
3

	
14

	
800

	
422

	
13

	
710

	
310

	
0

	
−90

	
−112

	
16

	
820

	
466

	
16

	
700

	
360

	
0

	
−120

	
−106




	
4

	
19

	
760

	
395

	
18

	
730

	
340

	
0

	
−30

	
−55

	
0

	
790

	
474

	
23

	
760

	
450

	
23

	
−30

	
−24




	
5

	
16

	
770

	
407

	
17

	
720

	
360

	
1

	
−50

	
−47

	
24

	
810

	
470

	
22

	
730

	
390

	
0

	
−80

	
−80




	
6

	
15

	
820

	
436

	
17

	
770

	
390

	
2

	
−50

	
−46

	
0

	
800

	
418

	
27

	
750

	
340

	
27

	
−50

	
−78




	
Average

	
15

	
788

	
420

	
16

	
733

	
355

	
1

	
−55

	
−65

	
12

	
795

	
456

	
22

	
732

	
387

	
10

	
−63

	
−70
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