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Abstract— The conversion of sulfur dioxide into sulfur trioxide is a reaction which interests not only the industry of sulfuric acid production but also the processes of pollution control of certain gas effluents containing SO2. This reaction was conducted in a tubular packed bed reactor using vanadium pentoxide as catalyst. Experiments were performed with different molar ratio of sulfur dioxide to oxygen and reaction temperature. 

Fluid flow description inside the packed bed reactor was performed by using the free fluid and porous media flow model. This model was solved by the commercial software COMSOL Multiphysics 4.1. Pressure and velocity profiles inside the reactor were theoretically obtained.
Keywords— Packed bed, oxidation , heterogeneous catalysis, modeling.

I. Introduction
Sulfuric acid is one of the most important chemicals in the world. It is produced via the contact process in a gas phase catalytic oxidation reaction. In this process, a gas mixture containing sulfur dioxide and air is passed over a catalyst, which oxidizes SO2 to SO3[1]. Only two types of catalysts gained widespread commercial acceptance. These are platinum and vanadium pentoxide. Today, the dominating catalyst is vanadium pentoxide due to its lower cost and greater availability [1]. This catalyst consists of 4-9 wt% vanadium pentoxide V2O5, being the active component, together with alkali metals as promoters[2]. The oxidation of SO2 is an exothermic reaction with fast reaction kinetics and high reaction enthalpy (-99 kJ/mol).

Due to the negative reaction enthalpy the equilibrium conversion decreases with rising temperature. However, with rising temperature the reaction rate increases but the equilibrium is shifted towards lower SO3 concentration. So, an effective control of the temperature is very important. That is why, recent studies have been oriented to use microstructured reactor to conduct such exothermic reaction due to its outstanding heat transfer performance[1]. In fact, micro-structured reactors represent a new approach of processes development that has attracted the attention of many researchers in several engineering processes. Microreactors, as the name implies, involve reaction chamber whose dimensions are typically in the range of micrometers with volumetric capacity in the range of micro liters[3]. The possibility of reduction in dimensions with small volumes of reaction zone would allow application of high temperature or concentration with significant ease of process control and thermal management. The main advantage of microstructured reactors is their high surface to volume ratio in the range of 10000-50000 m2/m3 compared to more traditional chemical reactors [4]. This ratio enhances mass and heat transfer and thus an improvement in the conversion ratio. Heat transfer is also increased since the heat transfer coefficient is inversely proportional to the diameter of the channel; its value for microstructured reactors is around 10kW/(m2.K), far higher than traditional reactors. The energy and economic gains are significant because the high heat transfer allows utilizing the full potential of catalysts during highly endothermic or exothermic reactions and avoiding hot-spots formation. In addition, the small inventories of reactants and products lead to inherent safety during the reactor operation. It has been reported that microstructured reactors run safely under conditions, which lay in the explosion regime. Small reactor dimensions facilitate the use of distributed production units at the place of consumption. This avoids the transport and storage of dangerous materials [5]. For these reasons, Pfeifer et al.[6] demonstrated the basic principle of producing SO3 with pure oxygen in a one pass process without stepwise cooling or quenching. The goal is to reach a sufficiently high SO3 concentration in a microstructured reactor being part of a compact plant installed on site.
It is proposed in our laboratory to take advantage of this new type of structures in the context of development of chemical reactors. That's why a micro channeled reactor is being developed but before using it we suggest to study the kinetic reaction and the influence of operating conditions in a tubular packed bed reactor. So, the aim of this work is to conduct the conversion of sulfur dioxide to sulfur trioxide in a tubular packed bed reactor with different SO2 inlet content and reaction temperatures and to study the flow rate and particle size effect. Numerical simulations with COMSOL Multiphysics were performed to describe the fluid flow in the reactor.

II. Experimental
The conversion of sulfur dioxide to sulfur trioxide had been conducted in a mill-packed bed reactor. The reactor is a stainless steel tube of internal diameter of 4 mm and 10 cm in length. The catalyst used in this study is the vanadium oxide with total surface area determined with liquid nitrogen adsorption by an autosorb1 Quantachrome according to Brunauer ,Emmetand Teller(SBET) of 4.041 m2/g and a total pore volume of 4.256E-3 cc/g. The catalyst was crushed sieved and particles of sizes of 500µm were introduced into the reactor. The particles of catalysts are fixed between two metallic grids. Approximately 200 mg of catalyst was used in most runs. The reactor was positioned in an electric furnace capable of reaching 1000 °C, and equipped with a temperature controller. Type K thermocouple was fitted in the catalyst bed to measure the reactor temperature. Pure nitrogen, oxygen and sulfur dioxide were metered by mass flow controller type Brooks, mixed in a micro mixer and preheated until the temperature of activation of catalyst before passing in the reactor. The reaction product were analyzed by iodometric method.
III. modelling

It is essential to study the hydrodynamics behavior and the flow in the catalytic bed. That is why a numerical simulation with the commercial software COMSOL Multiphysics 4.1 had been performed for the tubular packed bed reactor. The model couples the free fluid and porous media flow through the Navier-Stokes equations and Brinkman’s extension of Darcy’s law[8] .

The stationary Navier-Stokes equations describe the fluid flow in the free-flow regions:
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In the porous bed, we used the Brinkman equations:


[image: image6.png]V. [—Ll'(v'u (V)T + Pl =




                   (3)

                     
   [image: image8.png]V.u=0



                                               (4)

In the above equations, η denotes the viscosity of the fluid (Ns/m2), εp is the porosity (dimensionless), u the velocity (m/s), ρ the density (kg/m3), p the pressure (Pa), and κ the permeability (m2).

A constant velocity profile is assumed at the inlet boundaries:
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The boundary condition for the Navier-Stokes equations at the outlet were 

                              t.u=0                                                    (6)

                               p=0                                                     (7)

where t is any tangential vector to the boundary.
For the kinetic study, we coupled the hydrodynamics equations with transport of diluted species presented by the equation below:
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for the rate expression we used the modified equation of Calderbank based on the Langmuir-Hinshelwood concept.
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where : R: kmol SO2/kg cat hr
and temperature influence on constants expressed by:
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COMSOL implements finite elements methods for solving partial differential equations and it uses the GMRES (Generalized Minimal Residual) method to solve the linearized equations. In the reactor, an unstructured mesh was generated . The number of elements was 57209 and the prescribed converging tolerance was 0.001.
IV. results and discussion
A. Experimental Results
The temperature plays a significant role in gas heterogeneous catalysis because these reactions are generally limited by heat and mass transfers, it is thus imperative to take into account the parameter temperature, to adjust it and to control it according to the studied reaction. A series of experiments was undertaken to four contents of SO2 (10%, 15%, 20% and 30%) and for a total volume flow of 2 ml/s.
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Fig. 1 Influence of temperature on conversion rate for various contents of SO2
It can be seen that SO2 conversion decreases with the SO2 inlet content and that the increase in the temperature of 400°C to 450°C allows an improvement of conversion into SO3 up to a value almost of 90% for a content of sulfur dioxide of 10%. After this value, the effect of the temperature becomes harmful and induced a fall of conversion rate. This result is well expected since the thermodynamics of this reaction which shows that the evolution of SO2 conversion rate is increasing up to a precise value of the temperature from which it decrease according to the evolution of the equilibrium curve. This is well explained by Figure 2 that represent the conversion of SO2 as a function of temperature for different reaction rates. The dashed line represent the Optimal Temperature Progression. It is the path that can achieve the highest conversion with the minimum volume reactor. 
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 Fig. 2  Conversion of SO2 as a function of temperature for different reaction rates

In addition to temperature, we studied the effect of flow rate and particle size in order to determine the limitation step.
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Fig. 3  Conversion of SO2 as a function of temperature for different inlet flow rate (%SO2=10)
In figure 3, we tested the effect of the total inlet flow. We can see that the decrease of the inlet flow enhance the conversion ratio. A flow rate of 2 ml/s could achieve a conversion ratio of 90% in the packed bed.

B. Numerical study
The numerical resolution of the system of the equations allows us to have a theoretical model which describes the conversion of sulfur dioxide in a catalytic bed with vanadium pentoxide. This model allows us to simulate the reactor performance on the same operating conditions as the experiment.
For the hydrodynamic study, The model exemplifies the coupling of free and porous media flow in fixed bed reactors.  Due to the symmetry only half of the reactor has to be considered. the flow within the reactor is laminar. COMSOL 4.1 solved the three dimensional Navier-Stokes equations for the flow through the reactor.
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Fig 4:Magnitude of the velocity field in the free and porous reactor domains
Figure 4 shows the velocity profile of inert gas inside the packed bed reactor for a total gas flow of 20 ml/s. Due to the non-slip conditions, the velocity profile close to the wall becomes zero by definition, obtaining a maximum value in the middle of the free part of the reactor. In the catalyst bed, the velocity decreases until almost the half. The Figure 5 below shows the pressure drop, which occurs mainly across the porous bed.
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Fig 5: The pressure drop across the reactor.

V. Conclusions

This work is interested in the oxidation of sulfur dioxide in a tubular milii-packed bed reactor. This reaction had been performed for different sulfur dioxide content and temperature reaction. The catalysts used were particles of commercial vanadium pentoxide. Experimental data show that the conversion ratio of SO2 decrease with the inlet content of sulfur dioxide and increase with reaction temperature until an optimum equal to 450°C, above this value the conversion is limited by the equilibrium curve.

Numerical simulations by COMSOL Multiphysics were performed to describe the fluid flow in the reactor. Good agreement between the model predictions and the experimental results is achieved.
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X



acidité

		Acidémetrie 

		Qt =10ml/s

		temps		n(H2SO4)

		2		0.0755

		4		0.0754

		6		0.0783

		8		0.086

		10		0.0875

		14		0.089

		22		0.0893

		30		0.09

		40		0.0905

		60		0.0904

		85		0.0904

		Qt=20ml/s

		temps		n(H2SO4)

		4		0.0915

		6		0.0923

		8		0.0925

		10		0.0925

		12		0.0925

		16		0.0925

		20		0.0925

		30		0.0925

		60		0.0925



Qt=10 ml/s	4	6	8	10	14	22	30	40	60	85	7.5399999999999995E-2	7.8299999999999995E-2	8.5999999999999993E-2	8.7499999999999994E-2	8.8999999999999996E-2	8.9300000000000004E-2	0.09	9.0499999999999997E-2	9.0399999999999994E-2	9.0399999999999994E-2	temps (min)

n(H2SO4)

Qt=20ml/s

concentration	4	6	8	10	12	16	20	30	60	9.1499999999999998E-2	9.2299999999999993E-2	9.2499999999999999E-2	9.2499999999999999E-2	9.2499999999999999E-2	9.2499999999999999E-2	9.2499999999999999E-2	9.2499999999999999E-2	9.2499999999999999E-2	temps(min) 

n(H2SO4)



partie expérimentale

		Essai 1		le 12/04/2012														V0(thio)(ml)		Q(ml/s)		[SO2]0		Vt(thio)(ml)		[SO2]t		taux de conversion 

		Qt(ml/s) 														1er essai(12/04)		3.85E-02		1.00E-02		4.75E-03		4.10E-02		3.50E-03		2.63E+01

		10		%SO2=3		%O2=3,3		%N2=93,7		T=412°C						2eme essai		2.60E-02		2.00E-02		5.50E-03		3.15E-02		4.13E-03		2.50E+01

				Q(SO2)=18ml/min		Q(O2)=0,39ml/s		Q(N2)=9,32								3eme essai		2.10E-02		2.00E-02		6.75E-03		2.92E-02		4.70E-03		3.04E+01

		VKI(barboté)=100ml		C(thio)=0,2M		C(KI)=0,2M										4eme essai		2.15E-02		2.00E-02		6.63E-03		3.00E-02		4.50E-03		3.21E+01





		Essai 1		le 13/04/2012

		Qt(ml/s)

		20		%SO2=3		%O2=3,3		%N2=93,7		T=460°C





				Q(SO2)=36ml/min		Q(O2)=0,78ml/s		Q(N2)=18,69

		VKI(barboté)=100ml		C(thio)=0,2M		C(KI)=0,2M

		Essai 3		le 16/04/2012

		Qt(ml/s)

		20		%SO2=3		%O2=3,3		%N2=93,7		T=480°C

				C(thio)=0,2M		C(KI)=0,2M

		Evolution de la temperature au cour du temps

		temps		T(°C)

		0		486

		8		495.5

		25		488

		36		483

		43		479.7

		49		479.7

		52		479.2

		60		479.1

		72		477

		75		475.1

		90		474.6

		v(th)en foction de temps

		t		V(th)

		50		26.2

		60		29.2

		70		22.3

		85		28.5

		90		19

		Essai 4

		Qt(ml/s) 

		20		%SO2=3		%O2=3,3		%N2=93,7		T=500°C

				Q(SO2)=18ml/min		Q(O2)=0,39ml/s		Q(N2)=9,32

		VKI(barboté)=100ml		C(thio)=0,2M		C(KI)=0,2M

		temps		T(°C)

		0		504

		7		510.1

		15		502.4

		19		500.5

		22		498.6

		27		496.3

		31		495.7

		34		495.6

		42		491.5

		63		486.7



0	8	25	36	43	49	52	60	72	75	90	486	495.5	488	483	479.7	479.7	479.2	479.1	477	475.1	474.6	50	60	70	85	90	26.2	29.2	22.3	28.5	19	

etalonnage des débimetres

		débimètre d'azote

		débit(ml/s)		graduation

		1.28		20

		2.44		30

		3.66		40

		5.17		50

		6.82		60

		8.57		70

		10		80

		10.84		90

		12		100

		14.28		110

		15		120

		17		130

		18.38		140

		19.06		150

		débimètre d'O2

		rapport = 0,13

		débimètre d'SO2

		rapport = 1



1.28	2.44	3.66	5.17	6.82	8.57	10	10.84	12	14.28	15	17	18.38	19.059999999999999	20	30	40	50	60	70	80	90	100	110	120	130	140	150	débit (ml/s)

graduation



1) Teneur en SO2=3%

		Essai 1		le 12/04/2012														V0(thio)(ml)		Q(ml/s)		[SO2]0		Vt(thio)(ml)		[SO2]t		taux de conversion 		Temperature

		Qt=10ml/s		T=412°C												1er essai(12/04)		38.5		10		0.022		41		0.017		22.727		412

																2eme essai(13/04)		21.5		20		0.028		23.5		0.026		7.143		416

		10		%SO2=3		%O2=3,3		%N2=93,7								3eme essai(13/04)		26		20		0.0235		31.5		0.018		23.404		460

				Q(SO2)=18ml/min		Q(O2)=0,39ml/s		Q(N2)=9,32								4eme essai(16/04)		21		20		0.0285		29.2		0.0203		28.772		480

		VKI(barboté)=100ml		C(thio)=0,05M		C(KI)=0,05M										5eme essai(17/04)		21.5		20		0.028		30		0.0195		30.357		500

																6eme essai(17/04)		25.13		20		0.02437		33		0.0165		32.294		538

																7eme essai(18/04)		21		20		0.0285		30.3		0.0192		32.632		560

						21





		Essai 2		le 13/04/2012

		Qt(ml/s)		T=460°C

		20		%SO2=3		%O2=3,3		%N2=93,7





				Q(SO2)=36ml/min		Q(O2)=0,78ml/s		Q(N2)=18,69

		VKI(barboté)=100ml		C(thio)=0,05M		C(KI)=0,05M

		Essai 3		le 16/04/2012

		Qt(ml/s)		T=480°C

		20		%SO2=3		%O2=3,3		%N2=93,7

				C(thio)=0,05M		C(KI)=0,05M

		Evolution de la temperature au cour du temps

		temps		T(°C)

		0		486

		8		495.5

		25		488

		36		483

		43		479.7

		49		479.7

		52		479.2

		60		479.1														V0(thio)(ml)		Q(ml/s)		[SO2]0		Vt(thio)(ml)		[SO2]t		taux de conversion 

		72		477												1er essai(12/04)		3.85E-02		1.00E-02		2.30E-02		4.10E-02		1.80E-02		2.17E+01

		75		475.1												2eme essai		2.60E-02		2.00E-02		2.40E-02		3.15E-02		1.85E-02		2.29E+01

		90		474.6												3eme essai		2.10E-02		2.00E-02		2.90E-02		2.92E-02		2.08E-02		2.83E+01

																4eme essai		2.15E-02		2.00E-02		2.85E-02		3.00E-02		2.00E-02		2.98E+01

		v(th)en foction de temps

		t		V(th)														V0(thio)(ml)		Q(ml/s)		[SO2]0		Vt(thio)(ml)		[SO2]t		taux de conversion 

		50		26.2												1er essai(12/04)		3.85E-02		1.00E-02		3.23E-01		4.10E-02		3.18E-01		1.55E-02

		60		29.2												2eme essai		2.60E-02		2.00E-02		1.74E-01		3.15E-02		1.69E-01		3.16E-02

		70		22.3												3eme essai		2.10E-02		2.00E-02		1.79E-01		2.92E-02		1.71E-01		4.58E-02

		85		28.5												4eme essai		2.15E-02		2.00E-02		1.79E-01		3.00E-02		1.70E-01		4.76E-02

		90		19

																6eme essai(18/04)		25.13		20		0.028		28.5		0.021		25.000		416



		Essai 4		le 17/04/2012 matin														25.13		20		0.028		23.9		0.0256		8.571

		Qt(ml/s) 		T=500°C														25.13		20		0.028		22.3		0.0272		2.857

		20		%SO2=3		%O2=3,3		%N2=93,7										25.13		20		0.028		24.8		0.0247		11.786

				Q(SO2)=18ml/min		Q(O2)=0,39ml/s		Q(N2)=9,32										25.13		20		0.028		26.3		0.0232		17.143

		VKI(barboté)=100ml		C(thio)=0,05M		C(KI)=0,05M												25.13		20		0.028		24.5		0.025		10.714

		Evolution de la temperature																25.13		20		0.028		23		0.0265		5.357

		temps		T(°C)														25.13		20		0.028		23.5		0.026		7.143

		0		504												7eme essai(18/04)		25.13		20		0.0285		27.5		0.022		22.807		560

		7		510.1														25.13		20		0.0285		20.2		0.0293		-2.807

		15		502.4														25.13		20		0.0285		24		0.0255		10.526

		19		500.5														25.13		20		0.0285		25.8		0.0237		16.842

		22		498.6														25.13		20		0.0285		23.7		0.0258		9.474

		27		496.3														25.13		20		0.0285		21		0.0285		0.000

		31		495.7														25.13		20		0.0285		21		0.0285		0.000

		34		495.6														33.7		20

		42		491.5

		63		486.7

		Essai 5		le 17/04/2012 après midi

		Qt(ml/s) 		T=520°C

		20		%SO2=3		%O2=3,3		%N2=93,7

				Q(SO2)=18ml/min		Q(O2)=0,39ml/s		Q(N2)=9,32

		VKI(barboté)=100ml		C(thio)=0,05M		C(KI)=0,05M

		Evolution de la temperature

		t(min)		T(°C)

		0		541.2

		2		547.6

		9		546.3

		16		544.5

		23		542.3

		30		539.5

		37		535.7

		44		529.4

		51		528.2

		61		527.6

		Essai6		le 18/04/2012(matin)

		Qt(ml/s) 		T=412°C

		20		%SO2=3		%O2=3,3		%N2=93,7

				Q(SO2)=18ml/min		Q(O2)=0,39ml/s		Q(N2)=9,32

		VKI(barboté)=100ml		C(thio)=0,05M		C(KI)=0,05M

		Evolution de la temperature						la mise en regime 

		t(min)		T(°C)				t(min)		taux de conversion

		0		418				10		25.000

		10		419.8				20		8.571

		15		419.4				30		2.857

								50		3.680

		31		417.2				70		5.357

		35		416.3				80		7.143

		39		415.8

		43		416.4

		46		416.7

		51		416.4

		54		416.4

		59		416.1

		63		415.9

		69		414.8

		72		414.7

		83		414.4

		Essai7		le 18/04/2012(après midi)

		Qt(ml/s) 		T=560°C

		20		%SO2=3		%O2=3,3		%N2=93,7

				Q(SO2)=18ml/min		Q(O2)=0,39ml/s		Q(N2)=9,32

		VKI(barboté)=100ml		C(thio)=0,05M		C(KI)=0,05M

		Mise en regime



0	8	25	36	43	49	52	60	72	75	90	486	495.5	488	483	479.7	479.7	479.2	479.1	477	475.1	474.6	50	60	70	85	90	26.2	29.2	22.3	28.5	19	0	7	15	19	22	27	31	34	42	63	504	510.1	502.4	500.5	498.6	496.3	495.7	495.6	491.5	486.7	0	2	9	16	23	30	37	44	51	61	541.20000000000005	547.6	546.29999999999995	544.5	542.29999999999995	539.5	535.70000000000005	529.4	528.20000000000005	527.6	Q=20 ml/s	416	460	480	500	538	560	7.1428571428571477	23.404255319148927	28.771929824561397	30.357142857142854	32.293803857201482	32.631578947368425	T(°C)

x(%)

Mise en regime

10	20	30	50	70	80	25	8.5709999999999997	2.8570000000000002	3.68	5.3570000000000002	7.1429999999999998	

Teneur en SO2=5%

		Essai 1 		(19/04)  (16h:05)

		Qt=20ml/s		T=400°C										V0(thio)(ml)		Q(ml/s)		[SO2]0		Vt(thio)(ml)		[SO2]t		taux de conversion 

		%SO2=5		%O2=3,3		%N2=91,3						T=400°C (C(KI)=0,05mol/l)		13.4		20		0.0361		17		0.0325		9.972

		Q(SO2)=60ml/min		Q(O2)=5ml/s		Q(N2)=141,5						T=460°C (C(KI=0,1mol/l)		95		20		0.005		97		0.003		40.000

		C(thio)=0,05M		C(KI)=0,05M								T=480°C(c(KI=0,1mol/l)		97.3		20		0.0027		98.5		0.0015		44.444

		VKI(barboté)=100ml										T=500°C(c(KI=0,1mol/l)		96		20		0.004		98		0.002		50.000

		Essai 2		(21/04)								T=530°C		97.7		20		0.0023		99		0.001		56.522

				T=460°C								T=560°C		98.5		20		0.0015		99.45		0.00055		63.333

										%SO2=3		T=420°C		99.3		20		0.0007		99.45		0.00055		21.429

										%SO2=5		T=420°C		96		20		0.004		97.4		0.0026		35.000





teneur en SO2 =7%

		Essai 1		le 20/04/2012 matin												V0(thio)(ml)		Q(ml/s)		[SO2]0		Vt(thio)(ml)		[SO2]t		taux de conversion 

		Qt(ml/s) 		T=400°C										T=400°C		44		20		0.056		50		0.05		10.714

		20		%SO2=7		%O2=3,3		%N2=89,7						T=460°C		93.2		20		0.0068		96.6		0.0034		50.000

				Q(SO2)=84ml/min		Q(O2)=5ml/s		Q(N2)=138,68						T=480°C		93.5		20		0.0065		97		0.003		53.846

		VKI(barboté)=100ml		C(thio)=0,05M		C(KI)=0,1M								T=500°C		96.2		20		0.0038		98.35		0.00165		56.579

														T=538°C		97.1		20		0.0029		99.26		0.00074		74.483

		Evolution de la temperature												T=560°C		94.03		20		0.00597		99.4		0.0006		89.950

		t(min)		T(°C)										T=420°C		96		20		0.004		97.85		0.00215		46.250

		0		420.6

		4		420.8

		15		421.2

		19		420.4

		82		411.3









0	4	15	19	82	420.6	420.8	421.2	420.4	411.3	t(min)



T(°C)



teneur en SO2 =9%

		Essai 1		le 20/04/2012 après midi												V0(thio)(ml)		Q(ml/s)		[SO2]0		Vt(thio)(ml)		[SO2]t		taux de conversion 

		Qt(ml/s) 		T=400°C										T=400°C		94.45		20		0.00555		96		0.004		27.928

		20		%SO2=9		%O2=3,3		%N2=87,7						T=460°C		95.2		20		0.0048		97.7		0.0023		52.083

				Q(SO2)=6,5L/h		Q(O2)=5ml/s		Q(N2)=138,68						T=480°C		95.6		20		0.0044		98		0.002		54.545

		VKI(barboté)=100ml		C(thio)=0,05M		C(KI)=0,1M								T=500°C		98		20		0.002		99.5		0.0005		75.000

														T=530°C		95.75		20		0.00425		99.15		0.00085		80.000

		Evolution de la temperature 												T=560°C		95.5		20		0.0045		99.65		0.00035		92.222

		t(min)		T(°C)										T=420°C		96.3		20		0.0037		98.2		0.0018		51.351

		0		432.6

		3		431.7

		16		432.1

		49		429.7

		81		427.3

		111		426.9

		126		427.4

		131		427.5



0	3	16	49	81	111	126	131	432.6	431.7	432.1	429.7	427.3	426.9	427.4	427.5	

matrice

				412		420		460		480		500		530		560

		%SO2 = 3		7.14		21.429		23.404		28.772		30.357		32.294		32.632

		%SO2 = 5		9.972		35		40		44.44		50		56.522		63.333						<

		%SO2=7		10.714		46.25		50		53.846		56.579		74.483		89.95

		%SO2=9		27.928		51.351		52.083		54.545		75		80		92.222

														 

		calcul de r(obs)

		T		teneur en SO2		taux de conversion		r(obs)(m3/s/g(cat)		r(obs)(mol/s/g)		P(SO2)/P(O2)		teneur en SO2		T		T(K)		r(obs)		ln (robs)		1/T		1/r

		412		3		7.14		1.07E-07		1.91E-06		0.9090909091		3		412		685		1.91E-06		-13.1684073159		0.001459854		5.25E+05

		412		5		9.972		2.49E-07		4.43E-06		1.5151515152				420		693		1.70E-05		-12.9		0.0014430014		2.26E+05

		412		7		10.714		3.75E-07		6.67E-06		2.1212121212				460		733		5.84E-06		-12.0507797611		0.0013642565		1.50E+05

		412		9		27.928		1.26E-06		2.24E-05		2.7272727273				480		753		6.98E-06		-11.8724616412		0.0013280212		4.47E+04

		420		3		21.429		9.64E-07		1.70E-05		0.9090909091				500		773		7.18E-06		-11.8442111749		0.0012936611

		420		5		35		1.58E-06		2.77E-05		1.5151515152				530		803		7.35E-06		-11.8208102447		0.00124533

		420		7		46.25		2.08E-06		3.66E-05		2.1212121212				560		833		2.15E-05		-10.7474576228		0.0012004802

		420		9		51.351		2.31E-06		4.06E-05		2.7272727273		5		412		685		4.43E-06		-12.3271109739		0.001459854

		460		3		23.404		3.51E-07		5.84E-06		0.9090909091				420		693		2.77E-05		-12.2		0.0014430014

		460		5		40		1.00E-06		1.66E-05		1.5151515152				460		733		1.66E-05		-11.0061078626		0.0013642565

		460		7		50		1.75E-06		2.91E-05		2.1212121212				480		753		1.80E-05		-10.9251388001		0.0013280212

		460		9		52.083		2.34E-06		3.90E-05		2.7272727273				500		773		1.97E-05		-10.8348919222		0.0012936611

		480		3		28.772		4.32E-07		6.98E-06		0.9090909091				530		803		2.14E-05		-10.7521196359		0.00124533

		480		5		44.44		1.11E-06		1.80E-05		1.5151515152				560		833		4.17E-05		-10.0850094292		0.0012004802

		480		7		53.846		1.88E-06		3.05E-05		2.1212121212		7		412		685		6.67E-06		-11.917890698		0.001459854

		480		9		54.545		2.18E-06		3.53E-05		2.7272727273				420		693		3.66E-05		-11.9		0.0014430014

		500		3		30.357		4.55E-07		7.18E-06		0.9090909091				460		733		2.91E-05		-10.4447723838		0.0013642565

		500		5		50		1.25E-06		1.97E-05		1.5151515152				480		753		3.05E-05		-10.3977838744		0.0013280212

		500		7		56.579		1.98E-06		3.12E-05		2.1212121212				500		773		3.12E-05		-10.3750924631		0.0012936611

		500		9		75		3.38E-06		5.32E-05		2.7272727273				530		803		3.96E-05		-10.1366814397		0.00124533

		530		3		32.294		4.84E-07		7.35E-06		0.9090909091				560		833		5.92E-05		-9.7345890161		0.0012004802

		530		5		56.522		1.41E-06		2.14E-05		1.5151515152		9		412		685		2.24E-05		-10.7064495991		0.001459854

		530		7		74.483		2.61E-06		3.96E-05		2.1212121212				420		693		4.06E-05		-10.5		0.0014430014

		530		9		80		3.60E-06		5.46E-05		2.7272727273				460		733		3.90E-05		-10.1519489118		0.0013642565

		560		3		32.632		1.47E-06		2.15E-05		0.9090909091				530		4444444444		5.46E-05		-9.8154766752		0.0000000002

		560		5		63.333		2.85E-06		4.17E-05		1.5151515152				560		833		6.07E-05		-9.7095668599		0.0012004802

		560		7		89.95		4.05E-06		5.92E-05		2.1212121212

		560		9		92.222		4.15E-06		6.07E-05		2.7272727273









		teneur =3%						teneur =7%

		T		x				T		x

		685		7.14				412		10.714

		693		21.429				420		46.25

		733		23.404				460		50

		753		28.772				480		53.846

		773		30.357				500		56.579

		803		32.294				530		74.483

		833		32.632				560		89.95

		teneur =5%						teneur=9%

		T		x				T		x

		412		9.972				412		27.928

		420		35				420		51.351

		460		40				460		52.083

		480		44.44				480		54.545

		500		50				500		75

		530		56.522				530		80

		560		63.33				560		92.222



412	3	5	7	9	7.14	9.9719999999999995	10.714	27.928000000000001	460	3	5	7	9	23.404	40	50	52.082999999999998	480	3	5	7	9	28.771999999999998	44.44	53.845999999999997	54.545000000000002	500	3	5	7	9	30.356999999999999	50	56.579000000000001	75	530	3	5	7	9	32.293999999999997	56.521999999999998	74.483000000000004	80	T=560°C	3	5	7	9	32.631999999999998	63.332999999999998	89.95	92.221999999999994	T=420°C	T=420°C	3	5	7	9	21.428999999999998	35	46.25	51.350999999999999	T=560°C	32.631999999999998	63.332999999999998	89.95	92.221999999999994	2.1478830454481525E-5	4.168665019531988E-5	5.9206325060695438E-5	6.0701786656447523E-5	3	412	420	460	480	T=412°C	0.90909090909090917	1.5151515151515151	2.1212121212121211	2.7272727272727275	7.14	9.9719999999999995	10.714	27.928000000000001	T=420°C	T=460°C	0.90909090909090917	1.5151515151515151	2.1212121212121211	2.7272727272727275	23.404	40	50	52.082999999999998	T=480°C	0.90909090909090917	1.5151515151515151	2.1212121212121211	2.7272727272727275	28.771999999999998	44.44	53.845999999999997	54.545000000000002	T=500°C	0.90909090909090917	1.5151515151515151	2.1212121212121211	2.7272727272727275	30.356999999999999	50	56.579000000000001	75	T=530°C	0.90909090909090917	1.5151515151515151	2.1212121212121211	2.7272727272727275	32.293999999999997	56.521999999999998	74.483000000000004	80	T=560°C	0.90909090909090917	1.5151515151515151	2.1212121212121211	2.7272727272727275	32.631999999999998	63.332999999999998	89.95	92.221999999999994	%SO2=3	1.4598540145985401E-3	1.443001443001443E-3	1.364256480218281E-3	1.3280212483399733E-3	1.29366106080207E-3	1.2453300124533001E-3	1.2004801920768306E-3	-13.168407315905736	-12.9	-12.050779761124138	-11.872461641189993	-11.844211174904141	-11.820810244739528	-10.747457622830657	%SO2=5	1.4598540145985401E-3	1.443001443001443E-3	1.364256480218281E-3	1.3280212483399733E-3	1.29366106080207E-3	1.2453300124533001E-3	1.2004801920768306E-3	-12.32711097390723	-12.2	-11.006107862601777	-10.92513880006811	-10.834891922220331	-10.752119635936468	-10.085009429159518	%SO2=7	1.4598540145985401E-3	1.443001443001443E-3	1.364256480218281E-3	1.3280212483399733E-3	1.29366106080207E-3	1.2453300124533001E-3	1.2004801920768306E-3	-11.917890698036741	-11.9	-10.444772383786827	-10.397783874350909	-10.375092463148837	-10.136681439703839	-9.7345890160743149	%SO2=9	1.4598540145985401E-3	1.443001443001443E-3	1.364256480218281E-3	2.2500000002250001E-10	1.2004801920768306E-3	-10.70644959910328	-10.5	-10.151948911834628	-9.8154766752134144	-9.7095668598988212	1/T

r(obs)

%SO2=3	412	420	460	480	500	530	560	1.9099999999999999E-6	1.7E-5	5.84E-6	6.9800000000000001E-6	7.1799999999999999E-6	7.3499999999999999E-6	2.1500000000000001E-5	%SO2=5	412	420	460	480	500	530	560	4.4299999999999999E-6	2.7699999999999999E-5	1.66E-5	1.8E-5	1.9700000000000001E-5	2.1399999999999998E-5	4.1699999999999997E-5	%SO2=7	412	420	460	480	500	530	560	6.6699999999999997E-6	3.6600000000000002E-5	2.9099999999999999E-5	3.0499999999999999E-5	3.1199999999999999E-5	3.96E-5	5.9200000000000002E-5	%SO2=9	412	420	460	530	560	2.2399999999999999E-5	4.0599999999999998E-5	3.8999999999999999E-5	5.4599999999999999E-5	6.0699999999999998E-5	T(°C)

r(obs)

%SO2=3	1.4598540145985401E-3	1.443001443001443E-3	1.364256480218281E-3	1.3280212483399733E-3	1.29366106080207E-3	1.2453300124533001E-3	1.2004801920768306E-3	-13.168407315905736	-12.9	-12.050779761124138	-11.872461641189993	-11.844211174904141	-11.820810244739528	-10.747457622830657	%SO2=5	1.4598540145985401E-3	1.443001443001443E-3	1.364256480218281E-3	1.3280212483399733E-3	1.29366106080207E-3	1.2453300124533001E-3	1.2004801920768306E-3	-12.32711097390723	-12.2	-11.006107862601777	-10.92513880006811	-10.834891922220331	-10.752119635936468	-10.085009429159518	%SO2=7	1.4598540145985401E-3	1.443001443001443E-3	1.364256480218281E-3	1.3280212483399733E-3	1.29366106080207E-3	1.2453300124533001E-3	1.2004801920768306E-3	-11.917890698036741	-11.9	-10.444772383786827	-10.397783874350909	-10.375092463148837	-10.136681439703839	-9.7345890160743149	%SO2=9	1.4598540145985401E-3	1.443001443001443E-3	1.364256480218281E-3	2.2500000002250001E-10	1.2004801920768306E-3	-10.70644959910328	-10.5	-10.151948911834628	-9.8154766752134144	-9.7095668598988212	%SO2=3	1.4598540145985401E-3	1.443001443001443E-3	1.364256480218281E-3	-13.168407315905736	-12.9	-12.050779761124138	%SO2=5	1.4598540145985401E-3	1.443001443001443E-3	1.364256480218281E-3	-12.32711097390723	-12.2	-11.006107862601777	%SO2=7	1.4598540145985401E-3	1.443001443001443E-3	1.364256480218281E-3	-11.917890698036741	-11.9	-10.444772383786827	%SO2=9	1.4598540145985401E-3	1.443001443001443E-3	1.364256480218281E-3	-10.70644959910328	-10.5	-10.151948911834628	T=412°C	7.14	9.9719999999999995	10.714	27.928000000000001	1.9050146705319844E-6	4.4343618801458803E-6	6.6700415621175431E-6	2.2354306604461031E-5	T=460°C	23.404	40	50	52.082999999999998	5.8354828768910308E-6	1.6622465894408452E-5	2.9089315315214787E-5	3.8958655103031387E-5	T=480°C	28.771999999999998	44.44	53.845999999999997	54.545000000000002	6.9833813650857231E-6	1.7977053377381339E-5	3.049481059005099E-5	3.5303631916085157E-5	T=500°C	30.356999999999999	50	56.579000000000001	75	7.1774477719745782E-6	1.970289052490523E-5	3.1213555604241171E-5	5.3197804417244132E-5	T=530°C	32.293999999999997	56.521999999999998	74.483000000000004	80	7.3501631630962905E-6	2.1440820911238859E-5	3.9555700957229486E-5	5.4624362393729795E-5	T=560°C	32.631999999999998	63.332999999999998	89.95	92.221999999999994	2.1478830454481525E-5	4.168665019531988E-5	5.9206325060695438E-5	6.0701786656447523E-5	T=412°C	7.14	9.9719999999999995	10.714	27.928000000000001	1.9050146705319844E-6	4.4343618801458803E-6	6.6700415621175431E-6	2.2354306604461031E-5	taux de conversion



r(obs)

T=460°C	23.404	40	50	52.082999999999998	5.8354828768910308E-6	1.6622465894408452E-5	2.9089315315214787E-5	3.8958655103031387E-5	taux de conversion

r(obs)

T=480°C	28.771999999999998	44.44	53.845999999999997	54.545000000000002	6.9833813650857231E-6	1.7977053377381339E-5	3.049481059005099E-5	3.5303631916085157E-5	taux de conversion

r(obs)

T=500°C	30.356999999999999	50	56.579000000000001	75	7.1774477719745782E-6	1.970289052490523E-5	3.1213555604241171E-5	5.3197804417244132E-5	taux de conversion

r(obs)

T=530°C	32.293999999999997	56.521999999999998	74.483000000000004	80	7.3501631630962905E-6	2.1440820911238859E-5	3.9555700957229486E-5	5.4624362393729795E-5	taux de conversion

r(obs)

T=412°C	3	5	7	9	1.9050146705319844E-6	4.4343618801458803E-6	6.6700415621175431E-6	2.2354306604461031E-5	T=460°C	3	5	7	9	5.8354828768910308E-6	1.6622465894408452E-5	2.9089315315214787E-5	3.8958655103031387E-5	T=480°C	3	5	7	9	6.9833813650857231E-6	1.7977053377381339E-5	3.049481059005099E-5	3.5303631916085157E-5	T=500°C	3	5	7	9	7.1774477719745782E-6	1.970289052490523E-5	3.1213555604241171E-5	5.3197804417244132E-5	T=530°C	3	5	7	9	7.3501631630962905E-6	2.1440820911238859E-5	3.9555700957229486E-5	5.4624362393729795E-5	teneur en SO2

r(obs)

teneur en SO2=3%	412	420	460	480	500	530	560	7.14	21.428999999999998	23.404	28.771999999999998	30.356999999999999	32.293999999999997	32.631999999999998	teneur en SO2=5%	412	420	460	480	500	530	560	9.9719999999999995	35	40	44.44	50	56.521999999999998	63.33	teneur en SO2=7%	412	420	460	480	500	530	560	10.714	46.25	50	53.845999999999997	56.579000000000001	74.483000000000004	89.95	teneur en SO2=9%	412	420	460	480	500	530	560	27.928000000000001	51.350999999999999	52.082999999999998	54.545000000000002	75	80	92.221999999999994	T(°C)

taux de conversion 



courbes

																				+

						650		0.92

						740		0.88

						790		0.69

						825		0.55

						940		0.2

						1120		0.05



variation de taux de conversion en fonction de teneur en SO2 

412	3	5	7	9	7.14	9.9719999999999995	10.714	27.928000000000001	460	3	5	7	9	23.404	40	50	52.082999999999998	480	3	5	7	9	28.771999999999998	44.44	53.845999999999997	54.545000000000002	500	3	5	7	9	30.356999999999999	50	56.579000000000001	75	530	3	5	7	9	32.293999999999997	56.521999999999998	74.483000000000004	80	T=560°C	3	5	7	9	32.631999999999998	63.332999999999998	89.95	92.221999999999994	T=420°C	teneur en SO2

taux de conversion

r=0,01	670	690	720	770	820	870	920	970	1020	1070	0	0	0	0.41210000000000002	0.55079999999999996	0.54039999999999999	0.45469999999999999	0.3453	0.2462	0.17019999999999999	r=0,001	670	690	720	770	820	870	920	970	1020	1070	1.8700000000000001E-2	0.2354	0.82440000000000002	0.85960000000000003	0.79049999999999998	0.66830000000000001	0.52010000000000001	0.37809999999999999	0.26269999999999999	0.17860000000000001	r=0,005	670	690	720	770	820	870	920	970	1020	1070	0	0	0.33119999999999999	0.65329999999999999	0.67959999999999998	0.61	0.49070000000000003	0.36349999999999999	0.25530000000000003	0.17480000000000001	r=0,1	670	690	720	770	820	870	920	970	1020	1070	0	0	0	0	0	0	0	4.5600000000000002E-2	8.8700000000000001E-2	8.7499999999999994E-2	r=0,05	670	690	720	770	820	870	920	970	1020	1070	0	0	0	0	0	6.3E-2	0.191	0.20649999999999999	0.17469999999999999	0.13300000000000001	9.69E-2	eq	1724.5	1377.8	1217.4000000000001	1112.2	1031.2	961.9	897.3	830.9	750.4	0	0.1	0.2	0.3	0.4	0.5	0.6	0.7	0.8	0.9	1	POT	650	740	790	825	940	1120	0.92	0.88	0.69	0.55000000000000004	0.2	0.05	T(K)



X

variation de taux de conversion en fonction de la temperature

teneur en SO2=3%	412	420	460	480	500	530	560	7.14	21.428999999999998	23.404	28.771999999999998	30.356999999999999	32.293999999999997	32.631999999999998	teneur en SO2=5%	412	420	460	480	500	530	560	9.9719999999999995	35	40	44.44	50	56.521999999999998	63.33	teneur en SO2=7%	412	420	460	480	500	530	560	10.714	46.25	50	53.845999999999997	56.579000000000001	74.483000000000004	89.95	teneur en SO2=9%	412	420	460	480	500	530	560	27.928000000000001	51.350999999999999	52.082999999999998	54.545000000000002	75	80	92.221999999999994	T(°C)

taux de conversion 

variation de r(obs) en fonction de teneur en SO2

T=412°C	3	5	7	9	1.9050146705319844E-6	4.4343618801458803E-6	6.6700415621175431E-6	2.2354306604461031E-5	T=460°C	3	5	7	9	5.8354828768910308E-6	1.6622465894408452E-5	2.9089315315214787E-5	3.8958655103031387E-5	T=480°C	3	5	7	9	6.9833813650857231E-6	1.7977053377381339E-5	3.049481059005099E-5	3.5303631916085157E-5	T=500°C	3	5	7	9	7.1774477719745782E-6	1.970289052490523E-5	3.1213555604241171E-5	5.3197804417244132E-5	T=530°C	3	5	7	9	7.3501631630962905E-6	2.1440820911238859E-5	3.9555700957229486E-5	5.4624362393729795E-5	teneur en SO2

r(obs)

variation de r(obs) en fonction de taux de conversion

T=412°C	7.14	9.9719999999999995	10.714	27.928000000000001	1.9050146705319844E-6	4.4343618801458803E-6	6.6700415621175431E-6	2.2354306604461031E-5	T=460°C	23.404	40	50	52.082999999999998	5.8354828768910308E-6	1.6622465894408452E-5	2.9089315315214787E-5	3.8958655103031387E-5	T=480°C	28.771999999999998	44.44	53.845999999999997	54.545000000000002	6.9833813650857231E-6	1.7977053377381339E-5	3.049481059005099E-5	3.5303631916085157E-5	T=500°C	30.356999999999999	50	56.579000000000001	75	7.1774477719745782E-6	1.970289052490523E-5	3.1213555604241171E-5	5.3197804417244132E-5	T=530°C	32.293999999999997	56.521999999999998	74.483000000000004	80	7.3501631630962905E-6	2.1440820911238859E-5	3.9555700957229486E-5	5.4624362393729795E-5	T=560°C	32.631999999999998	63.332999999999998	89.95	92.221999999999994	2.1478830454481525E-5	4.168665019531988E-5	5.9206325060695438E-5	6.0701786656447523E-5	taux de conversion

r(obs)



Qt=10 ml/s	4	6	8	10	14	22	30	40	60	85	7.5399999999999995E-2	7.8299999999999995E-2	8.5999999999999993E-2	8.7499999999999994E-2	8.8999999999999996E-2	8.9300000000000004E-2	0.09	9.0499999999999997E-2	9.0399999999999994E-2	9.0399999999999994E-2	Qt=20 ml/s	4	6	8	10	12	16	20	30	60	9.1499999999999998E-2	9.2299999999999993E-2	9.2499999999999999E-2	9.2499999999999999E-2	9.2499999999999999E-2	9.2499999999999999E-2	9.2499999999999999E-2	9.2499999999999999E-2	9.2499999999999999E-2	temps (min)

n (H2SO4) :mol

variation de Ln(robs) en fonction de (1/T)

%SO2=3	1.4598540145985401E-3	1.443001443001443E-3	1.364256480218281E-3	1.3280212483399733E-3	1.29366106080207E-3	1.2453300124533001E-3	1.2004801920768306E-3	-13.168407315905736	-12.9	-12.050779761124138	-11.872461641189993	-11.844211174904141	-11.820810244739528	-10.747457622830657	%SO2=5	1.4598540145985401E-3	1.443001443001443E-3	1.364256480218281E-3	1.3280212483399733E-3	1.29366106080207E-3	1.2453300124533001E-3	1.2004801920768306E-3	-12.32711097390723	-12.2	-11.006107862601777	-10.92513880006811	-10.834891922220331	-10.752119635936468	-10.085009429159518	%SO2=7	1.4598540145985401E-3	1.443001443001443E-3	1.364256480218281E-3	1.3280212483399733E-3	1.29366106080207E-3	1.2453300124533001E-3	1.2004801920768306E-3	-11.917890698036741	-11.9	-10.444772383786827	-10.397783874350909	-10.375092463148837	-10.136681439703839	-9.7345890160743149	%SO2=9	1.4598540145985401E-3	1.443001443001443E-3	1.364256480218281E-3	2.2500000002250001E-10	1.2004801920768306E-3	-10.70644959910328	-10.5	-10.151948911834628	-9.8154766752134144	-9.7095668598988212	1/T

Ln(robs)

%SO2=3	412	420	460	480	500	530	560	1.9099999999999999E-6	1.7E-5	5.84E-6	6.9800000000000001E-6	7.1799999999999999E-6	7.3499999999999999E-6	2.1500000000000001E-5	%SO2=5	412	420	460	480	500	530	560	4.4299999999999999E-6	2.7699999999999999E-5	1.66E-5	1.8E-5	1.9700000000000001E-5	2.1399999999999998E-5	4.1699999999999997E-5	%SO2=7	412	420	460	480	500	530	560	6.6699999999999997E-6	3.6600000000000002E-5	2.9099999999999999E-5	3.0499999999999999E-5	3.1199999999999999E-5	3.96E-5	5.9200000000000002E-5	%SO2=9	412	420	460	530	560	2.2399999999999999E-5	4.0599999999999998E-5	3.8999999999999999E-5	5.4599999999999999E-5	6.0699999999999998E-5	T(°C)

r(obs)

r=0,01	670	690	720	770	820	870	920	970	1020	1070	0	0	0	0.41210000000000002	0.55079999999999996	0.54039999999999999	0.45469999999999999	0.3453	0.2462	0.17019999999999999	r=0,001	670	690	720	770	820	870	920	970	1020	1070	1.8700000000000001E-2	0.2354	0.82440000000000002	0.85960000000000003	0.79049999999999998	0.66830000000000001	0.52010000000000001	0.37809999999999999	0.26269999999999999	0.17860000000000001	r=0,0001	670	690	720	770	820	870	920	970	1020	1070	0	0.4461	0.95	0.90869999999999995	0.81679999999999997	0.68169999999999997	0.52680000000000005	0.38140000000000002	0.26429999999999998	0.1794	r=0,005	670	690	720	770	820	870	920	970	1020	1070	0	0	0.33119999999999999	0.65329999999999999	0.67959999999999998	0.61	0.49070000000000003	0.36349999999999999	0.25530000000000003	0.17480000000000001	r=0,1	670	690	720	770	820	870	920	970	1020	1070	0	0	0	0	0	0	0	4.5600000000000002E-2	8.8700000000000001E-2	8.7499999999999994E-2	r=0,05	670	690	720	770	820	870	920	970	1020	1070	0	0	0	0	0	6.3E-2	0.191	0.20649999999999999	0.17469999999999999	0.13300000000000001	9.69E-2	T(°C)



x

1724.5	1377.8	1217.4000000000001	1112.2	1031.2	961.9	897.3	830.9	750.4	0	10	20	30	40	50	60	70	80	90	100	T(°C)

X



Feuil1

		1.6245    1.2778    1.1174    1.0122    0.9312    0.8619    0.7973    0.7309    0.6504         0

				10		1724.5		1451.5

				20		1377.8		1104.8

				30		1217.4		944.4

				40		1112.2		839.2

				50		1031.2		758.2

				60		961.9		688.9

				70		897.3		624.3

				80		830.9		557.9

				90		750.4		477.4

				100		0		0



1724.5	1377.8	1217.4000000000001	1112.2	1031.2	961.9	897.3	830.9	750.4	0	10	20	30	40	50	60	70	80	90	100	T(°C)

X

teneur en SO2=3%	685	693	733	753	773	803	833	7.14	21.428999999999998	23.404	28.771999999999998	30.356999999999999	32.293999999999997	32.631999999999998	teneur en SO2=5%	412	420	460	480	500	530	560	9.9719999999999995	35	40	44.44	50	56.521999999999998	63.33	teneur en SO2=7%	412	420	460	480	500	530	560	10.714	46.25	50	53.845999999999997	56.579000000000001	74.483000000000004	89.95	teneur en SO2=9%	412	420	460	480	500	530	560	27.928000000000001	51.350999999999999	52.082999999999998	54.545000000000002	75	80	92.221999999999994	courbe d'equilibre	1724.5	1377.8	1217.4000000000001	1112.2	1031.2	961.9	897.3	830.9	750.4	0	10	20	30	40	50	60	70	80	90	100	T(°C)

taux de conversion 



influence de teneur sur l'eq

		 0.1000    0.2000    0.3000    0.4000    0.5000    0.6000    0.7000    0.8000    0.9000    1.0000

		1.6245    1.2778    1.1174    1.0122    0.9312    0.8619    0.7973    0.7309    0.6504         0																1624.5		1618.6		1612.6		1606.3		0.1

																		1277.8		1269.9		1261.4		1252.1		0.2

		1.6186    1.2699    1.1075    1.0003    0.9172    0.8458    0.7791    0.7108    0.6294         0																1117.4		1107.5		1096.2		1083.1		0.3

		1.6126             1.2614             1.0962             0.9858             0.8988             0.8225             0.7489             0.6699     																1012.2		1000.3		985.8		967.6		0.4

																		931.2		917.2		898.8		872.9		0.5

		 1.6063             1.2521             1.0831             0.9676             0.8729             0.7826             0.6665  																861.9		845.8		822.5		782.6		0.6

																		797.3		779.1		748.9		666.5		0.7

																		730.9		710.8		669.9				0.8

																		650.4		629.4						0.9

																		0		0						1



%SO2=3	1624.5	1277.8	1117.4000000000001	1012.2	931.2	861.9	797.3	730.9	650.4	0	0.1	0.2	0.3	0.4	0.5	0.6	0.7	0.8	0.9	1	%SO2=5	1618.6	1269.9000000000001	1107.5	1000.3	917.2	845.8	779.1	710.8	629.4	0	0.1	0.2	0.3	0.4	0.5	0.6	0.7	0.8	0.9	1	%SO2=7	1612.6	1261.4000000000001	1096.2	985.8	898.8	822.5	748.9	669.9	0.1	0.2	0.3	0.4	0.5	0.6	0.7	0.8	0.9	1	%SO2=9	1606.3	1252.0999999999999	1083.0999999999999	967.6	872.9	782.6	666.5	0.1	0.2	0.3	0.4	0.5	0.6	0.7	0.8	0.9	1	T(°C)

X



C=f(x)

		0		0		0

		0.1		0.083		0.0548

		0.2		0.166		0.1096

		0.3		0.249		0.1644

		0.4		0.332		0.2192

		0.5		0.415		0.274

		0.6		0.498		0.3288

		0.7		0.581		0.3836

		0.8		0.664		0.4384

		0.9		0.747		0.4932

		1		0.83		0.548



0	0.1	0.2	0.3	0.4	0.5	0.6	0.7	0.8	0.9	1	0	8.3000000000000004E-2	0.16600000000000001	0.24899999999999997	0.33200000000000002	0.41499999999999998	0.49799999999999994	0.58099999999999996	0.66400000000000003	0.747	0.83	O2	0	0.1	0.2	0.3	0.4	0.5	0.6	0.7	0.8	0.9	1	0	5.4800000000000008E-2	0.10960000000000002	0.16440000000000002	0.21920000000000003	0.27400000000000002	0.32880000000000004	0.3836	0.43840000000000007	0.49320000000000003	0.54800000000000004	

Feuil2

										0.1		2

										0.2		4

										0.3		6

										0.4		8

										0.5		10

										0.6		12



0.1	0.2	0.3	0.4	0.5	0.6	2	4	6	8	10	12	

Feuil3

		%SO2		Ea (J/mol)		k0(mol/g,s,atm)

		3		4.46E+04		1.9

		5		1.36E+05		3.48E+06

		7		1.18E+05		9.30E+04

		9		9.48E+04		6.19E+02



3	5	7	9	44600	136000	118000	94800	3	5	7	9	1.9	3480000	93000	619	

Feuil4

		2.2054e-02    0.8583         2.7770e-01    1.1550         9.0067e-01    2.2320

		2.7463e-02    0.8820         3.0156e-01    1.1775         9.5091e-01    2.3682														2.21E-02		0.858

		3.2514e-02    0.8983         3.5170e-01    1.2390         9.9485e-01    2.7445														2.75E-02		0.882

		4.2384e-02    0.9296         4.0189e-01    1.2895         8.9855e-01    2.4219														3.25E-02		0.898

		6.1955e-02    0.9761         4.5235e-01    1.3286         7.9898e-01    2.2341														4.24E-02		0.929

		7.7318e-02    1.0091         5.0139e-01    1.3985         6.9615e-01    2.1721														6.20E-02		0.976

		1.0239e-01    1.0403         5.5098e-01    1.4953         5.9840e-01    2.0490														7.73E-02		1.009

		1.2704e-01    1.0837         6.0129e-01    1.5788         4.9823e-01    1.9164														1.02E-01		1.04

		1.5243e-01    1.0972         6.5222e-01    1.6202         3.9675e-01    1.8474														1.27E-01		1.083

		1.7679e-01    1.1255         7.0209e-01    1.6511         2.9789e-01    1.7205														1.52E-01		1.097

		2.0253e-01    1.1380         7.5223e-01    1.8512         1.9831e-01    1.5563														1.77E-01		1.125

		2.2627e-01    1.1917         8.0291e-01    1.8728         9.7831e-02    1.3950														2.03E-01		1.138

		2.5332e-01    1.1657         8.5112e-01    2.1100														2.26E-01		1.1917

																2.53E-01		1.165

																2.78E-01		1.155

																3.02E-01		1.177

																3.52E-01		1.239

																4.02E-01		1.289

																4.52E-01		1.328

																5.01E-01		1.398

																5.51E-01		1.495

																6.01E-01		1.578

																6.52E-01		1.62

																7.02E-01		1.651

																7.52E-01		1.851

																8.03E-01		1.872

																8.51E-01		2.11

																9.01E-01		2.232

																9.51E-01		2.368

																9.95E-01		2.744

																8.98E-01		2.421

																7.99E-01		2.234

																6.96E-01		2.172

																5.98E-01		2.049

																4.98E-01		1.916

																3.96E-01		1.847

																2.97E-01		1.72

																1.98E-02		1.556





2.2054000000000001E-2	2.7463000000000001E-2	3.2509999999999997E-2	4.2380000000000001E-2	6.1955000000000003E-2	7.7317999999999998E-2	0.10238999999999999	0.12703999999999999	0.15243000000000001	0.17679	0.20252999999999999	0.22627	0.25331999999999999	0.2777	0.30155999999999999	0.35170000000000001	0.40189000000000002	0.45234999999999997	0.50139	0.55089999999999995	0.60099999999999998	0.6522	0.70208999999999999	0.75219999999999998	0.80289999999999995	0.85109999999999997	0.90066999999999997	0.95089999999999997	0.99480000000000002	0.89800000000000002	0.79898000000000002	0.69599999999999995	0.59799999999999998	0.498	0.39600000000000002	0.29699999999999999	1.9800000000000002E-2	0.85799999999999998	0.88200000000000001	0.89800000000000002	0.92900000000000005	0.97599999999999998	1.0089999999999999	1.04	1.083	1.097	1.125	1.1379999999999999	1.1917	1.165	1.155	1.177	1.2390000000000001	1.2889999999999999	1.3280000000000001	1.3979999999999999	1.4950000000000001	1.5780000000000001	1.62	1.651	1.851	1.8720000000000001	2.11	2.2320000000000002	2.3679999999999999	2.7440000000000002	2.4209999999999998	2.234	2.1720000000000002	2.0489999999999999	1.9159999999999999	1.847	1.72	1.556	désorption	0.99480000000000002	0.89800000000000002	0.79898000000000002	0.69599999999999995	0.59799999999999998	0.498	0.39600000000000002	0.29699999999999999	1.9800000000000002E-2	2.7440000000000002	2.4209999999999998	2.234	2.1720000000000002	2.0489999999999999	1.9159999999999999	1.847	1.72	1.556	adsorption	2.2054000000000001E-2	2.7463000000000001E-2	3.2509999999999997E-2	4.2380000000000001E-2	6.1955000000000003E-2	7.7317999999999998E-2	0.10238999999999999	0.12703999999999999	0.15243000000000001	0.17679	0.20252999999999999	0.22627	0.25331999999999999	0.2777	0.30155999999999999	0.35170000000000001	0.40189000000000002	0.45234999999999997	0.50139	0.55089999999999995	0.60099999999999998	0.6522	0.70208999999999999	0.75219999999999998	0.80289999999999995	0.85109999999999997	0.90066999999999997	0.95089999999999997	0.99480000000000002	0.85799999999999998	0.88200000000000001	0.89800000000000002	0.92900000000000005	0.97599999999999998	1.0089999999999999	1.04	1.083	1.097	1.125	1.1379999999999999	1.1917	1.165	1.155	1.177	1.2390000000000001	1.2889999999999999	1.3280000000000001	1.3979999999999999	1.4950000000000001	1.5780000000000001	1.62	1.651	1.851	1.8720000000000001	2.11	2.2320000000000002	2.3679999999999999	2.7440000000000002	P/Po(cc/g)

volume

adsorption	2.2054000000000001E-2	2.7463000000000001E-2	3.2509999999999997E-2	4.2380000000000001E-2	6.1955000000000003E-2	7.7317999999999998E-2	0.10238999999999999	0.12703999999999999	0.15243000000000001	0.17679	0.20252999999999999	0.22627	0.25331999999999999	0.2777	0.30155999999999999	0.35170000000000001	0.40189000000000002	0.45234999999999997	0.50139	0.55089999999999995	0.60099999999999998	0.6522	0.70208999999999999	0.75219999999999998	0.80289999999999995	0.85109999999999997	0.90066999999999997	0.95089999999999997	0.99480000000000002	0.85799999999999998	0.88200000000000001	0.89800000000000002	0.92900000000000005	0.97599999999999998	1.0089999999999999	1.04	1.083	1.097	1.125	1.1379999999999999	1.1917	1.165	1.155	1.177	1.2390000000000001	1.2889999999999999	1.3280000000000001	1.3979999999999999	1.4950000000000001	1.5780000000000001	1.62	1.651	1.851	1.8720000000000001	2.11	2.2320000000000002	2.3679999999999999	2.7440000000000002	désorption	0.99480000000000002	0.89800000000000002	0.79898000000000002	0.69599999999999995	0.59799999999999998	0.498	0.39600000000000002	0.29699999999999999	1.9800000000000002E-2	2.7440000000000002	2.4209999999999998	2.234	2.1720000000000002	2.0489999999999999	1.9159999999999999	1.847	1.72	1.556	P/P0(cc/g)

volume



conversion unité

		°C		K		°F		°R

		412		685		773.6		1233.6

		420		693		788		1248

		460		733		860		1320

		480		753		896		1356

		500		773		932		1392

		530		803		986		1446

		560		833		1040		1500

		397		670		746.6		1206.6

												lit_fixe

												scriptlitfixe

												script_lit_fixe_T

												lit_fixe_X

												lit_fixe_perte_de_charge





matlab

		L		X																						T(°R)		T(°F)		T(°C)

		0		0												0.1		1200						0.07		1200		740.33		393.5166666667				1200		0.07

		0		    0.0008												0.1089		1205.7						0.0781		1205.1		745.43		396.35				1205.1		0.0781

		0.0001		    0.0053												0.1383		1223.9						0.102		1219.9		760.23		404.5722222222				1219.9		0.102

		0.0004		    0.0239												0.1789		1248.7						0.1341		1239.5		779.83		415.4611111111				1239.5		0.1341

		0.0004		    0.0284												0.2046		1264.2		412		0.0714		0.183		1268.9		809.23		431.7944444444				1268.9		0.183

		0.0005		    0.0333												0.2382		1284.3		460		0.23404		0.1975		1277.6		817.93		436.6277777778				1277.6		0.1975

		0.0005		    0.0381												0.2619		1298.4		480		0.28772		0.2139		1287.4		827.73		442.0722222222				1287.4		0.2139

		0.0006		    0.0432												0.2861		1312.7		500		0.30357		0.2388		1302.1		842.43		450.2388888889				1302.1		0.2388

		0.0006		    0.0476												0.304		1323.3		530		0.32294		0.2649		1317.6		857.93		458.85				1317.6		0.2649

		0.0006		    0.0492												0.3151		1329.9		560		0.32632		0.2841		1328.9		869.23		465.1277777778				1328.9		0.2841

		0.0006		    0.0499												0.3213		1333.7						0.2963		1336.2		876.53		469.1833333333				1336.2		0.2963

		0.0006		    0.0500												0.3247		1335.9						0.3035		1340.5		880.83		471.5722222222				1340.5		0.3035

		0.0006		    0.0502												0.3265		1337.1						0.3075		1342.9		883.23		472.9055555556				1342.9		0.3075

		0.0006		    0.0508												0.3277		1338.1						0.3096		1344.3		884.63		473.6833333333				1344.3		0.3096

		0.0007		    0.0541												0.3292		1339.4						0.3108		1345.3		885.63		474.2388888889				1345.3		0.3108

		0.0011		    0.0717												0.3318		1342						0.312		1346.3		886.63		474.7944444444				1346.3		0.312

		0.0015		    0.0952												0.3348		1345.3						0.314		1348.1		888.43		475.7944444444				1348.1		0.314

		0.002		    0.1315												0.3376		1348.8						0.3171		1351.2		891.53		477.5166666667				1351.2		0.3171

		0.0022		    0.1474												0.3401		1352.4						0.32		1354.4		894.73		479.2944444444				1354.4		0.32

		0.0024		    0.1653												0.3422		1356.1						0.3227		1357.9		898.23		481.2388888889				1357.9		0.3227

		0.0026		    0.1910												0.3439		1360						0.3251		1361.4		901.73		483.1833333333				1361.4		0.3251

		0.0028		0.2184												0.3451		1363.9						0.3272		1365.1		905.43		485.2388888889				1365.1		0.3272

		0.003		0.2395												0.3458		1367.5						0.3288		1368.9		909.23		487.35				1368.9		0.3288

		0.0032		0.2537												0.3461		1370.8						0.3301		1372.8		913.13		489.5166666667				1372.8		0.3301

		0.0034		0.2628												0.3461		1374						0.3308		1376.4		916.73		491.5166666667				1376.4		0.3308

		0.0035		0.2682												0.3459		1376.6						0.3311		1379.7		920.03		493.35				1379.7		0.3311

		0.0037		0.2712																				0.3311		1382.9		923.23		495.1277777778				1382.9		0.3311

		0.004		0.273																				0.331		1385.4		925.73		496.5166666667				1385.4		0.331

		0.0044		0.2742																				0.331						560

		0.005		0.2757

		0.0064		0.2785

		0.0085		0.2825

		0.0112		0.2866

		0.0143		0.2907

		0.0179		0.2948

		0.0221		0.2989

		0.0269		0.3029

		0.0325		0.3069

		0.039		0.3109

		0.0456		0.3144

		0.0523		0.3175

		0.0589		0.3203

		0.0656		0.3228

		0.0664		0.3231



0     0.0008     0.0053     0.0239     0.0284     0.0333     0.0381     0.0432     0.0476     0.0492     0.0499     0.0500     0.0502     0.0508     0.0541     0.0717     0.0952     0.1315     0.1474     0.1653     0.1910	2.8E-3	3.0000000000000001E-3	3.2000000000000002E-3	3.3999999999999998E-3	3.5000000000000001E-3	3.7000000000000002E-3	4.0000000000000001E-3	4.4000000000000003E-3	5.0000000000000001E-3	6.4000000000000003E-3	8.5000000000000006E-3	1.12E-2	1.43E-2	1.7899999999999999E-2	2.2100000000000002E-2	2.69E-2	3.2500000000000001E-2	3.9E-2	4.5600000000000002E-2	5.2299999999999999E-2	5.8900000000000001E-2	6.5600000000000006E-2	6.6400000000000001E-2	0.21840000000000001	0.23949999999999999	0.25369999999999998	0.26279999999999998	0.26819999999999999	0.2712	0.27300000000000002	0.2742	0.2757	0.27850000000000003	0.28249999999999997	0.28660000000000002	0.29070000000000001	0.29480000000000001	0.2989	0.3029	0.30690000000000001	0.31090000000000001	0.31440000000000001	0.3175	0.32029999999999997	0.32279999999999998	0.3231	Modélisation	393.51666666666659	396.34999999999991	404.57222222222219	415.46111111111105	431.79444444444442	436.62777777777768	442.07222222222219	450.23888888888877	458.84999999999991	465.12777777777779	469.18333333333328	471.57222222222219	472.90555555555557	473.68333333333328	474.23888888888882	474.79444444444437	475.79444444444437	477.51666666666665	479.29444444444442	481.23888888888888	483.18333333333334	485.23888888888877	487.35	489.51666666666659	491.51666666666665	493.34999999999997	495.12777777777779	496.51666666666665	560	7.0000000000000007E-2	7.8100000000000003E-2	0.10199999999999999	0.1341	0.183	0.19750000000000001	0.21390000000000001	0.23880000000000001	0.26490000000000002	0.28410000000000002	0.29630000000000001	0.30349999999999999	0.3075	0.30959999999999999	0.31080000000000002	0.312	0.314	0.31709999999999999	0.32	0.32269999999999999	0.3251	0.32719999999999999	0.32879999999999998	0.3301	0.33079999999999998	0.33110000000000001	0.33110000000000001	0.33100000000000002	0.33100000000000002	Etude éxperimentale	412	460	480	500	530	560	7.1400000000000005E-2	0.23404	0.28771999999999998	0.30357000000000001	0.32294	0.32632	

Feuil5

						25.0000  400.0000				25		0		400

						   44.3274  397.0074				44.32		1		397

						   63.6878  393.9969				63.68		2		393.99

						   83.0813  390.9684				83.08		3		390.96

						  102.5078  387.9216				102.5		4		387.92

						  121.9674  384.8565				121.96		5		384.85

						  141.4603  381.7728				141.46		6		381.77

						  160.9864  378.6704				160.98		7		378.67

						  180.5458  375.5492				180.54		8		375.54

						  200.1386  372.4089				200.13		9		372.4

						  219.7648  369.2495				219.76		10		369.24

						  239.4245  366.0707				239.42		11		366.07

						  259.1178  362.8723				259.11		12		362.87

						  278.8446  359.6542				278.84		13		359.65

						  298.6051  356.4162				298.6		14		356.41

						  318.3993  353.1581				318.39		15		353.158



0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	400	397	393.99	390.96	387.92	384.85	381.77	378.67	375.54	372.4	369.24	366.07	362.87	359.65	356.41	353.15800000000002	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	25	44.32	63.68	83.08	102.5	121.96	141.46	160.97999999999999	180.54	200.13	219.76	239.42	259.11	278.83999999999997	298.60000000000002	318.39	

Feuil6
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