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Abstract: The reactions of dehydrogenation and oxidative dehydrogenation of isopropyl alcohol on binary Ti-V-O catalysts have been studied. It is shown that the products of the reaction of isopropyl alcohol dehydrogenation on the studied catalysts are acetone, propylene. It is established that in the reaction of isopropyl alcohol dehydrogenation on titanium-vanadium oxide catalysts the samples with equimolar ratio of initial elements are active. In the reaction of oxidative dehydrogenation of isopropyl alcohol, except for the catalyst Ti-V=1-9, all other binary titanium-vanadium oxide catalysts have high activity in the reaction of propylene formation. It was found that on binary titan-vanadium oxide catalysts in the reaction of isopropyl alcohol dehydrogenation, the increase in surface acidity leads to an increase in acetone yield and a decrease in propylene yield. In the reaction of oxidative dehydrogenation of isopropyl alcohol, the change of surface acidity does not lead to a change in the yields of reaction products.
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1. Introduction  
In recent years, in connection with the transition to the use of environmentally friendly technologies and the decrease in the negative impact of industry on the environment, there has been an increase in interest in the use of renewable raw materials in the chemical industry, such as ethanol, isopropanol, butanol1–3. Isopropanol is one of the important raw materials for the chemical industry, for example, it is used in the production of acetone, ethers and esters, fuels, etc.4-6. Previously, we have shown that isopropanol on binary vanadium-containing catalysts is converted at a high rate into such products as propylene and acetone7, 8. One of the properties of solid catalysts that affect its activity is the acidic properties of their surface9–11. To characterize the acidic properties of the surface of binary titanium–vanadium oxide catalysts under conditions close to catalysis, we used the isomerization reaction of butene-1 to butenes-2, which is convenient due to its simplicity12, 13. In this regard, this work is devoted to the study of the effect of the composition of the catalyst surface acidity on the activity of binary titanium-vanadium oxide catalysts in the reactions of dehydrogenation and oxidative dehydrogenation and isopropyl alcohol.
2. Experimental 

Binary titanium-vanadium oxide catalysts of various compositions were prepared by co-precipitation from aqueous solutions of ammonium, titanium tetrachloride and ammonium metavanadate. The resulting mixtures were evaporated at 95-100°C, then the precipitates formed were dried at 100-120°C and then decomposed until complete release of nitrogen oxides at a temperature of about 250°C. The obtained solid masses were calcined at a temperature of 700°C for 10 hours. Thus, 9 catalysts were synthesized with an atomic ratio of elements from Ti:V=1:9 to Ti:V=9:1. The activity of the synthesized catalysts was studied in a flow-through unit with a tubular reactor in the temperature range of 150–450°C. The volumetric feed rate of the raw material was 1200 h-1. The ratio of initial reagents was isopropyl alcohol: air: H2O = 1:5:4. The yields of isopropyl alcohol conversion products, as well as the amount of unreacted alcohol, were determined on a chromatograph with a flame ionization detector and a 2-m column filled with a specially treated Polysorb-1 sorbent. The amount of carbon dioxide formed was determined on a chromatograph with a 6-meter column filled with a Celite sorbent coated with vaseline oil.
3. Results and Discussion 
The study of the activity of the studied samples showed that the reaction products of the conversion of isopropyl alcohol in the absence of oxygen on the Ti-V-O catalytic system are acetone, propylene and, at high temperatures, an insignificant amount of carbon dioxide and decomposition products. The dependence of the activity of the Ti-V=1-9 catalyst in the isopropyl alcohol conversion reaction on temperature is shown in Figure 1. As can be seen, the isopropyl alcohol conversion reaction on this catalyst begins at 150°C with the formation of 3.4% acetone and 4.5% propylene. As the reaction temperature increases, the yields of acetone and propylene pass through a maximum at a temperature of 300°C. At this temperature, the highest yields of acetone and propylene are observed, which are respectively equal to 23.8% and 40.5%. In addition to acetone and propylene, the formation of carbon dioxide is also observed on the studied sample starting from 250°C. The yield of carbon dioxide increases with an increase in the reaction temperature over the entire temperature range studied. The maximum yield of carbon dioxide is observed at 400°C and is 7.1%. Figure 1 shows that the conversion of isopropyl alcohol on the Ti-V=1-9 catalyst at 400°C is 69.9%.

[image: image1.emf]0

10

20

30

40

50

60

70

80

100 150 200 250 300 350 400 450 500

Yields,%

Temperature, °С

CO2

C3H6

CH3COCH3

Conversion


Figure 1. Effect of temperature on the yields of products of ethanol dehydrogenation reaction on Ti-V=1-9 catalyst.

We also studied the influence of catalyst composition on their activity in the reaction of isopropyl alcohol conversion in the absence of oxygen. Figure 2 shows the dependence of yields of products of isopropyl alcohol conversion reaction on the atomic ratio of titanium to vanadium in the composition of Ti-V-O catalysts at a temperature of 250 °C. It can be seen that with increasing titanium content in the catalyst composition, the yields of acetone, propylene and isopropyl alcohol conversion pass through a maximum at the sample Ti-V=5-5. At this catalyst, the yields of acetone and propylene are 17% and 51%, and the conversion of isopropyl alcohol is 68%. The formation of carbon dioxide at this temperature is not observed on the studied samples.
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Fig. 2. Dependence of activity of titanium-vanadium oxide catalysts in isopropyl alcohol dehydrogenation reaction on their composition. T=250°C.

In contrast to low reaction temperatures, at higher temperatures, the conversion of isopropyl alcohol on binary titanium-vanadium oxide catalysts produces carbon dioxide in addition to acetone and propylene. Figure 3 shows the dependence of yields of isopropyl alcohol conversion reaction products on the atomic ratio of titanium to vanadium in the composition of Ti-V-O catalysts at a temperature of 300 °C. It can be seen that with increasing titanium content in the catalyst composition the acetone yield tends to decrease, while the propylene yield increases. The exception is the sample Ti-V=5-5, which shows the highest propylene yield and isopropyl alcohol conversion. 

The yield of the product of deep oxidation of isopropyl alcohol carbon dioxide at 300°C on the studied catalysts does not exceed 2% and with the increase of titanium content in the catalyst decreases and on samples rich in titanium carbon dioxide is practically not formed.
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Fig. 3. Dependence of activity of titanium-vanadium oxide catalysts in isopropyl alcohol dehydrogenation reaction on their composition. T=300°C

Summarizing the above, we can say that the main products of isopropyl alcohol conversion in the absence of oxygen on titanium-vanadium oxide catalysts are acetone and propylene. The catalysts with equimolar ratio of initial elements are active in the reaction of formation of these products. 

In the transformation of isopropyl alcohol in the presence of oxygen on titanium-vanadium oxide catalysts, the reaction products are acetone, propylene carbon dioxide and at high temperatures destructive decomposition products.

Figure 4 shows the results of the study of isopropyl alcohol oxidation reaction on Ti-V=1:9 catalyst. As can be seen from the table, the oxidation of isopropyl alcohol begins at a temperature of 150°C. At this temperature, 37.4% acetone and 4.5% propylene are formed. As the reaction temperature increases, the yield of acetone increases to 39.1% with a selectivity of 56.3% at 200°C, after which it begins to decrease and at 400°C is already 4.5%.

As the reaction temperature increases, the propylene yield also passes through a maximum. The highest propylene yield is observed at 250°C and is 44.4%. In addition to these products, the formation of carbon dioxide is also observed in the studied sample. The formation of carbon dioxide starts from 200°C and with increasing reaction temperature its yield increases in the whole temperature range studied. The maximum yield of carbon dioxide is 15.1%. As can be seen from the figure, the conversion of isopropyl alcohol at 400°C reaches 79.9%
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Figure 4. Effect of temperature on the yields of products of the reaction of isopropyl alcohol oxidation on the catalyst Ti-V=1-9.

Comparison of the activity of all titanium-vanadium oxide catalysts showed that their activity depends on the atomic ratio of titanium to vanadium in the composition of the binary catalyst. Figure 5 shows the dependence of yields of products of the reaction of isopropyl alcohol oxidation on the atomic ratio of titanium to vanadium in the composition of Ti-V-O catalysts at a temperature of 200°C. It can be seen that with increasing titanium content in the catalyst composition the acetone yield slightly decreases to 20% and then passes through the maximum (37.4) on the sample Ti-V=7-3. The propylene yield with increasing titanium content in the catalyst composition passes through the maximum at the sample Ti-V=3-7 and then starting from the sample Ti-V=6-4 increases up to 45% at the sample Ti-V=9-1. The nature of change in isopropyl alcohol conversion from catalyst composition is similar to the change in acetone yield. On this catalytic system at 200°C the conversion of isopropyl alcohol reaches 74.9%. The formation of carbon dioxide is not observed on the studied samples.

[image: image5.png]80

Yields, %
P N -]
S © 5 © 8 ©

10

4 6
Ti/V atomic ratio

10

—e—(3H6
—8—CH3COCH3
—@—Conversion




Fig. 5. Dependence of activity of titanium-vanadium oxide catalysts in the oxidation reaction of isopropyl alcohol on their composition. T=200°C

A different character of the dependence of the activity of catalysts in the oxidation reaction of isopropyl alcohol is observed at temperatures above 300°C. Figure 6 shows the dependence of yields of products of the reaction of isopropyl alcohol oxidation on titanium-vanadium oxide catalysts on their composition at 350°С. At 350°C, in addition to acetone and propylene, the formation of carbon dioxide and products of destructive decomposition of isopropyl alcohol are observed in the reaction products. It can be seen that the yields of acetone and carbon dioxide from the atomic ratio of titanium to vanadium at 350°C depend almost little on the composition of the catalyst. From the data shown in Figure 6, it can be seen that, except for the catalyst Ti-V=1-9, all other samples have high activity in the reaction of propylene formation. The maximum conversion of isopropyl alcohol at 350°C on the studied catalysts reaches 92.3%.

[image: image6.png]Yields, %

100

90

80

70

60

50

40

30

20

10

4 6
Ti/V atomic ratio

10

—e—C02
—e—(3H6
—8—CH3COCH3
—@—Conversion




Fig. 6 Dependence of activity of titanium-vanadium oxide catalysts in the oxidation reaction of isopropyl alcohol on their composition. T=350°C

To evaluate the influence of surface acidity, we compared the activities of titanium-vanadium oxide catalysts in isopropyl alcohol conversion reactions and in the reaction of butene-1 isomerization into trans and cis butenes-2. Fig. 7 shows the dependence of the activity of titanium-vanadium oxide catalysts in the reaction of isopropyl alcohol conversion in the absence of oxygen on the degree of isomerization of butene-1 into butenes-2. As can be seen from Fig. 7 with increasing activity of titanium-vanadium oxide catalysts in the reaction of isomerization of butene-1 to butenes-2 (increasing the acidity of the catalyst surface) the yields of acetone, propylene and total conversion of isopropyl alcohol pass through the maximum. This suggests that increasing the degree of isomerization of butene-1 to butenes-2 (surface acidity) leads to an increase in the reaction rate of conversion of isopropyl alcohol to acetone propylene. This suggests that a certain value of surface acidity is necessary for a high rate of conversion of isopropyl alcohol into acetone and propylene on titanium-vanadium oxide catalysts.
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Fig. 7. Activity dependence of titanium-vanadium oxide catalysts in the reaction of isopropyl alcohol dehydrogenation on the degree of isomerization of butene-1 to butene-2. T=300°C

Dependences of activity of titanium-vanadium oxide catalysts in the reaction of isopropyl alcohol conversion in the presence of oxygen on the degree of isomerization of butene-1 to butenes-2 are shown in Fig. 8. Fig. 8 shows that with increasing activity of titanium-vanadium oxide catalysts in the reaction of isomerization of butene-1 to butenes-2 the yields of acetone, propylene and total conversion of isopropyl alcohol practically do not change This indicates the absence of influence of acid centers on the reaction of oxidation of isopropyl alcohol on titanium-vanadium oxide catalysts.
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Fig. 8. Activity dependence of titanium-vanadium oxide catalysts in the oxidative dehydrogenation reaction of isopropyl alcohol on the degree of isomerization of butene-1 to butene-2. T=300°C

4. Conclusion

The following conclusions can be drawn on the basis of the conducted studies:

1. Acetone and propylene are the main products of the reaction of isopropyl alcohol dehydrogenation on titanium-vanadium oxide catalysts. The catalysts with equimolar ratio of initial elements are active in the reaction of formation of these products; 

2.
In the reaction of oxidative dehydrogenation of isopropyl alcohol, except for the catalyst Ti-V=1-9, all other binary titanium-vanadium oxide catalysts are highly active in the reaction of propylene formation. 

3. On binary titan-vanadium oxide catalysts in the reaction of isopropyl alcohol dehydrogenation, the increase in surface acidity leads to an increase in acetone yield and a decrease in propylene yield. 

4.
In the reaction of oxidative dehydrogenation of isopropyl alcohol, the change in surface acidity does not lead to a change in product yields.
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		3000С		1:9		2:8		3-7		4:6		5:5		6:4		7:3		8:2		9:1

		CO2		2		1.5		1		0.6		0		0.6		0		0		0

		C3H6		40.5		51		52.8		55.5		63.6		52.8		55.5		55.5		57

		CHx		0		0		0		0		0		0		0		0		0

		CH3COCH3		23.8		12.8		10.2		8.4		17		13.7		15.3		8.5		17

		Conversion		66.3		68.3		68.9		71.8		81.6		68.3		71.8		69		74

		2500С		1:9		2:8		3-7		4:6		5:5		6:4		7:3		8:2		9:1

		CO2		1.1		0.9		0		0		0		0		0		0		0

		C3H6		37.5		46.5		48.2		53.7		59.8		48		48.5		35.8		32.3

		CHx		0		0		0		0		0		0		0		0		0

		CH3COCH3		17		16.2		17		17.4		20.4		15.1		18.7		11.8		13.6

		Conversion		55.6		63.6		65.2		71.1		80.2		63.1		67.2		47.6		45.9

		2000С		1:9		2:8		3-7		4:6		5:5		6:4		7:3		8:2		9:1

		CO2		0		0		0		0		0		0		0		0		0

		C3H6		16		25.4		26.4		45.4		51		39		27.1		13.5		8.3

		CHx		0		0		0		0		0		0		0		0		0

		CH3COCH3		8.1		5.1		7.4		13.6		17		8.5		3.4		3.4		1.7

		Conversion		24.1		30.5		33.8		59		68		47.5		30.5		16.9		10

		1500С		1:9		2:8		3-7		4:6		5:5		6:4		7:3		8:2		9:1

		CO2		0		0		0		0		0		0		0		0		0

		C3H6		4.9		4.9		5.4		11.5		15.7		13.6		0		0		0

		CHx		0		0		0		0		0		0		0		0		0

		CH3COCH3		3.4		3.4		2.4		2.7		3.8		2.1		0		0		0

		Conversion		7.9		8.3		7.8		14.2		19.5		15.7		0		0		0
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Ti-V-degidr

				Isomer		C3H6		CH3COCH3		Conversion						Ti-V		Dehydration				T=200

		0

		1		17.5		16		8.1		24.1

		2		50.2		25.4		5.1		30.5

		3		34.8		26.4		7.4		33.8

		4		37.8		45.4		13.6		59

		5		39.9		51		17		68

		6		45.8		39		8.5		47.5

		7		28.3		27.1		3.4		30.6

		8		21.2		13.5		3.4		16.9

		9		17.6		8.3		1.7		10

		10





Ti-V-degidr

		



C3H6

CH3COCH3

Conversion



Ti-V-okisl

				İsomer		C3H6		CH3COCH3		Conversion				200		Ti-V		Oxidation

		0																																17.5

		1		17.5		45		28.9		75.4																								50.2

		2		50.2		52.6		22.1		75.3																								34.8

		3		34.8		49.5		16.3		75.4																								37.8

		4		37.8		49.5		20.4		74.8																								39.9

		5		39.9		47.5		17.3		71.8																								45.8

		6		45.8		52		32.3		84.3																								28.3

		7		28.3		58.7		18.7		80.8																								21.2

		8		21.2		49.6		28.9		78.5																								17.6

		9		17.6		55.5		17.2		73.6

		10

		17.5		50.2		34.8		37.8		39.9		45.8		28.3		21.2		17.6

														T





Ti-V-okisl

		



C3H6
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Conversion



Mo-V-degidr

				İsomer		C3H6		CH3COCH3		Conversion				Mo-V		T=250		Dehydration

		0

		1		13.4		67.5		5.1		72.6

		2		31.5		56.5		8.5		65

		3		42.7		34.2		8.8		43

		4		23.9		33.7		3.4		37.1

		5		15.2		38.9		3.4		42.3

		6		20.1		52.8		5		58.1

		7		21.2		43.5		11.6		55.1

		8		36.4		43.8		10.2		54.7

		9		15.3		41.1		3.6		44.9

		10

		2500С		1:9		2:8		3-7		4:6		5:5		6:4		7:3		8:2		9:1

		CO2		0		0		0		0		0		0		0		0.7		0

		C3H6		67.5		56.5		34.2		33.7		38.9		52.8		43.5		43.8		41.1

		CHx		0		0		0		0		0		0		0		0		0

		CH3COCH3		5.1		8.5		8.8		3.4		3.4		5		11.6		10.2		3.6

		Conversion		72.6		65		43		37.1		42.3		58.1		55.1		54.7		44.9

				13.4		31.5		42.7		23.9		15.2		20.1		21.2		36.4		15.3

				İsomer		C3H6		CH3COCH3		Conversion

																																										Mo-v-degidr

				31.5		56.5		8.5		65

				42.7		34.2		8.8		43

				23.9		33.7		3.4		37.1

				15.2		38.9		3.4		42.3

				20.1		52.8		5		58.1

				21.2		43.5		11.6		55.1

				36.4		43.8		10.2		54.7

				15.3		41.1		3.6		44.9
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				İsomer		C3H6		CH3COCH3		Conversion				Mo-V		T=200		Oxidation

		0

		1		13.4		46.2		8.5		54.7

		2		31.5		47.8		25.7		75

		3		42.7		42.1		21.6		63.7

		4		23.9		32.4		17		49.4

		5		15.2		30.6		9.1		39.7

		6		20.1		23.1		10.2		33.3

		7		21.2		28.4		10.2		38.6

		8		36.4		30.1		13.8		43.9

		9		15.3		35.4		10.2		45.7

		10

		2000С		1:9		2:8		3-7		4:6		5:5		6:4		7:3		8:2		9:1

		CO2		0		1.5		0		0		0		0		0		0		0

		C3H6		46.2		47.8		42.1		32.4		30.6		23.1		28.4		30.1		35.4

		CHx		0		0		0		0		0		0		0		0		0

		CH3COCH3		8.5		25.7		21.6		17		9.1		10.2		10.2		13.8		10.2

		Conversion		54.7		75		63.7		49.4		39.7		33.3		38.6		43.9		45.7

						İsomer		C3H6		CH3COCH3		Conversion

						13.4		46.2		8.5		54.7

						42.7		42.1		21.6		63.7

						23.9		32.4		17		49.4

						15.2		30.6		9.1		39.7

						20.1		23.1		10.2		33.3

						21.2		28.4		10.2		38.6

						36.4		30.1		13.8		43.9

						15.3		35.4		10.2		45.7
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Ti-V

		

				Ti-V		Т, 0С				Выходы, %

								CO2		C3H6		CHx		CH3COCH3		Conversion

				1-9		100				0				0		0		0

						150		0		4.5				37.4		41.9		41.9		36

						200		0.3		30				39.1		69.4		69.4		73

						250		2.1		45				28.9		75.4		76		72

						300		5.2		39.6				17		78.7		61.8		72

						350		9.7		34.3				8.5		79.3		52.5		67

						400		15.1		30				4.5		79.9		49.6		81

						450

								CO2		C3H6		CHx		CH3COCH3		Conversion		0

				2-8		100				0				0		0		0

						150				9.6				3.4		13		13		5

						200		0		36.4				13.6		50		50		72

						250		0.6		52.6				22.1		75.3		75.3		85

						300		3.6		61				15.3		79.9		79.9		85

						350		6.5		57				8.5		82		72		83

						400		13.5		49.5				3.1		83.9		66.1		86

						450

								CO2		C3H6		CHx		CH3COCH3		Conversion		0

				3-7		100				0				0		0		0

						150				5.9				8.4		14.3		14.3		16

						200		0		42.4				20.4		62.8		62.8		80

						250		4.6		49.5				16.3		75.4		70.4		80

						300		9.9		46.5				4.3		78.7		60.7		93

						350		14.6		38.7				0		81.2		53.3		93

						400		17.8		27.6						82.8		45.4		100

						450												0

								CO2		C3H6		CHx		CH3COCH3		Conversion		0

				4-6		100				0				0		0		0

						150				6.6				5.1		14.2		11.7		18

						200		0		36				33.4		69.4		69.4		55

						250		0.9		49.5				20.4		74.8		70.8		73

						300		3.6		55.5				3.4		76.5		62.5		100

						350		5.4		51.5				0		77.9		56.9		87

						400		8.3		42.5						78.3		50.8

						450												0

								CO2		C3H6		CHx		CH3COCH3		Conversion		0

				5:5		100				0				0		0		0

						150				6				5.1		19.5		11.1		18

						200		0		33.5				27.2		60.7		60.7		55

						250		6		47.5				17.3		71.8		70.8		78

						300		10.5		53.4				5.1		75.6		69		94

						350		11.4		57.1				1.7		78.9		70.2		95

						400		14.9		59.2				0		80.5		74.1		95

						450												0

								CO2		C3H6		CHx		CH3COCH3		Conversion		0

						100				0				0		0		0

				6-4		150				7.1				4.1		11.2		11.2

						200				31.8				13.6		45.4		45.4

						250		0		52				32.3		84.3		84.3		51

						300		3.6		61				25.5		91		90.1

						350		4.8		53.5				15.7		92.3		74		44

						400		8.4		48				0		93.4		56.4		100

						450												0

								CO2		C3H6		CHx		CH3COCH3		Conversion		0

						100				0				0		0		0

				7-3		150				12				26.5		38.5		38.5

						200		0		37.5				37.4		74.9		74.9		74

						250		3		58.7				18.7		80.8		80.4		100

						300		8.4		55.3				13.6		81.2		77.3		100

						350		9.6		51.5				7.8		83.1		68.9		100

						400		12.7		46.7				0		83.8		59.4		100

						450												0
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		CH3COCH3		28.9		22.1		16.3		20.4		17.3		32.3		28.7		28.9		17.2

		Conversion		75.4		75.3		75.4		74.8		71.8		84.3		80.8		78.5		73.6

		2000С		1:9		2:8		3-7		4:6		5:5		6:4		7:3		8:2		9:1

		CO2		0.3		0		0		0		0		0		0		0		0

		C3H6		30		36.4		42.4		36		33.5		31.8		37.5		35.5		45

		CHx		0		0		0		0		0		0		0		0		0

		CH3COCH3		39.1		23.6		20.4		23.4		27.2		19.6		37.4		12.8		10.7

		Conversion		69.4		60		62.8		59.4		60.7		51.4		74.9		48.3		55.7

		1500С		1:9		2:8		3-7		4:6		5:5		6:4		7:3		8:2		9:1

		CO2		0		0		0		0		0		0		0		0		0

		C3H6		4.5		9.6		5.9		6.6		6		7.1		12		0		0

		CHx		0		0		0		0		0		0		0		0		0

		CH3COCH3		37.4		13.4		8.4		5.1		5.1		7.1		26.5		0		0

		Conversion		41.9		23		14.3		14.2		11.5		14.2		38.5		0		0
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Ti-V-degidr

				Isomer		C3H6		CH3COCH3		Conversion						Ti-V		Dehydration				T=200

		0

		1		17.5		16		8.1		24.1

		2		50.2		25.4		5.1		30.5

		3		34.8		26.4		7.4		33.8

		4		37.8		45.4		13.6		59

		5		39.9		51		17		68

		6		45.8		39		8.5		47.5

		7		28.3		27.1		3.4		30.6

		8		21.2		13.5		3.4		16.9

		9		17.6		8.3		1.7		10

		10





Ti-V-degidr

		



C3H6

CH3COCH3

Conversion



Ti-V-okisl

				İsomer		C3H6		CH3COCH3		Conversion				200		Ti-V		Oxidation

		0																																17.5

		1		17.5		45		28.9		75.4																								50.2

		2		50.2		52.6		22.1		75.3																								34.8

		3		34.8		49.5		16.3		75.4																								37.8

		4		37.8		49.5		20.4		74.8																								39.9

		5		39.9		47.5		17.3		71.8																								45.8

		6		45.8		52		32.3		84.3																								28.3

		7		28.3		58.7		18.7		80.8																								21.2

		8		21.2		49.6		28.9		78.5																								17.6

		9		17.6		55.5		17.2		73.6

		10

		17.5		50.2		34.8		37.8		39.9		45.8		28.3		21.2		17.6

														T





Ti-V-okisl

		



C3H6

CH3COCH3

Conversion



Mo-V-degidr

				İsomer		C3H6		CH3COCH3		Conversion				Mo-V		T=250		Dehydration

		0

		1		13.4		67.5		5.1		72.6

		2		31.5		56.5		8.5		65

		3		42.7		34.2		8.8		43

		4		23.9		33.7		3.4		37.1

		5		15.2		38.9		3.4		42.3

		6		20.1		52.8		5		58.1

		7		21.2		43.5		11.6		55.1

		8		36.4		43.8		10.2		54.7

		9		15.3		41.1		3.6		44.9

		10

		2500С		1:9		2:8		3-7		4:6		5:5		6:4		7:3		8:2		9:1

		CO2		0		0		0		0		0		0		0		0.7		0

		C3H6		67.5		56.5		34.2		33.7		38.9		52.8		43.5		43.8		41.1

		CHx		0		0		0		0		0		0		0		0		0

		CH3COCH3		5.1		8.5		8.8		3.4		3.4		5		11.6		10.2		3.6

		Conversion		72.6		65		43		37.1		42.3		58.1		55.1		54.7		44.9

				13.4		31.5		42.7		23.9		15.2		20.1		21.2		36.4		15.3

				İsomer		C3H6		CH3COCH3		Conversion

																																										Mo-v-degidr

				31.5		56.5		8.5		65

				42.7		34.2		8.8		43

				23.9		33.7		3.4		37.1

				15.2		38.9		3.4		42.3

				20.1		52.8		5		58.1

				21.2		43.5		11.6		55.1

				36.4		43.8		10.2		54.7

				15.3		41.1		3.6		44.9





Mo-V-degidr
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C3H6

CH3COCH3

Conversion



				İsomer		C3H6		CH3COCH3		Conversion				Mo-V		T=200		Oxidation

		0

		1		13.4		46.2		8.5		54.7

		2		31.5		47.8		25.7		75

		3		42.7		42.1		21.6		63.7

		4		23.9		32.4		17		49.4

		5		15.2		30.6		9.1		39.7

		6		20.1		23.1		10.2		33.3

		7		21.2		28.4		10.2		38.6

		8		36.4		30.1		13.8		43.9

		9		15.3		35.4		10.2		45.7

		10

		2000С		1:9		2:8		3-7		4:6		5:5		6:4		7:3		8:2		9:1

		CO2		0		1.5		0		0		0		0		0		0		0

		C3H6		46.2		47.8		42.1		32.4		30.6		23.1		28.4		30.1		35.4

		CHx		0		0		0		0		0		0		0		0		0

		CH3COCH3		8.5		25.7		21.6		17		9.1		10.2		10.2		13.8		10.2

		Conversion		54.7		75		63.7		49.4		39.7		33.3		38.6		43.9		45.7

						İsomer		C3H6		CH3COCH3		Conversion

						13.4		46.2		8.5		54.7

						42.7		42.1		21.6		63.7

						23.9		32.4		17		49.4

						15.2		30.6		9.1		39.7

						20.1		23.1		10.2		33.3

						21.2		28.4		10.2		38.6

						36.4		30.1		13.8		43.9

						15.3		35.4		10.2		45.7
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Ti-V

		

				Ti-V		Т, 0С				Выходы, %

								CO2		C3H6		CHx		CH3COCH3		Conversion

				1-9		100				0				0		0		0

						150		0		4.5				37.4		41.9		41.9		36

						200		0.3		30				39.1		69.4		69.4		73

						250		2.1		45				28.9		75.4		76		72

						300		5.2		39.6				17		78.7		61.8		72

						350		9.7		34.3				8.5		79.3		52.5		67

						400		15.1		30				4.5		79.9		49.6		81

						450

								CO2		C3H6		CHx		CH3COCH3		Conversion		0

				2-8		100				0				0		0		0

						150				9.6				13.4		23		23		5

						200		0		36.4				23.6		60		60		72

						250		0.6		52.6				22.1		75.3		75.3		85

						300		3.6		61				15.3		79.9		79.9		85

						350		6.5		57				8.5		82		72		83

						400		13.5		49.5				3.1		83.9		66.1		86

						450

								CO2		C3H6		CHx		CH3COCH3		Conversion		0

				3-7		100				0				0		0		0

						150				5.9				8.4		14.3		14.3		16

						200		0		42.4				20.4		62.8		62.8		80

						250		4.6		52.5				16.3		75.4		73.4		80

						300		9.9		56.5				4.3		78.7		70.7		93

						350		14.6		53.7				0		81.2		68.3		93

						400		17.8		47.6						82.8		65.4		100

						450												0

								CO2		C3H6		CHx		CH3COCH3		Conversion		0

				4-6		100				0				0		0		0

						150				6.6				5.1		14.2		11.7		18

						200		0		36				23.4		59.4		59.4		55

						250		0.9		49.5				20.4		74.8		70.8		73

						300		3.6		55.5				3.4		76.5		62.5		100

						350		5.4		53.5				0		77.9		58.9		87

						400		8.3		52.5						78.3		60.8

						450												0

								CO2		C3H6		CHx		CH3COCH3		Conversion		0

				5:5		100				0				0		0		0

						150				6				5.1		11.5		11.1		18

						200		0		33.5				25.2		58.7		58.7		55

						250		6		47.5				17.3		71.8		70.8		78

						300		10.5		53.4				5.1		75.6		69		94

						350		11.4		57.1				1.7		78.9		70.2		95

						400		14.9		54.2				0		80.5		69.1		95

						450												0

								CO2		C3H6		CHx		CH3COCH3		Conversion		0

						100				0				0		0		0

				6-4		150				7.1				7.1		14.2		14.2

						200				31.8				21.6		53.4		53.4

						250		0		52				32.3		84.3		84.3		51

						300		3.6		61				25.5		91		90.1

						350		4.8		53.5				15.7		92.3		74		44

						400		8.4		48				0		93.4		56.4		100

						450												0

								CO2		C3H6		CHx		CH3COCH3		Conversion		0

						100				0				0		0		0

				7-3		150				12				26.5		38.5		38.5

						200		0		37.5				37.4		74.9		74.9		74

						250		3		48.7				28.7		80.8		80.4		100

						300		8.4		55.3				13.6		81.2		77.3		100

						350		9.6		51.5				7.8		83.1		68.9		100

						400		12.7		46.7				0		83.8		59.4		100

						450												0

								CO2		C3H6		CHx		CH3COCH3		Conversion		0

						100												0

				8-2		150				0				0		0		0

						200				35.5				12.8		48.3		48.3		18

						250		0		49.6				28.9		78.5		78.5		61

						300		1.8		63				7.4		79.7		72.2		68

						350		3.3		66.5				2.7		80.3		72.5		78

						400		4.2		68				0		81		72.2		80

						450												0

								CO2		C3H6		CHx		CH3COCH3		Conversion		0

				9-1		100												0

						150				0				0		0		0

						200		0		45				10.7		55.7		55.7		76

						250		0.9		55.5				17.2		73.6		73.6		88

						300		3.4		54.2				5.1		74		62.7		94

						350		8.7		49.5				1.7		75.6		59.9		100

						400		11.4		46.6				0		76.4		58		89

						450												0

		4000С		1:9		2:8		3-7		4:6		5:5		6:4		7:3		8:2		9:1

		CO2		15.1		13.5		17.8		8.3		14.9		8.4		12.7		4.2		11.4

		C3H6		30		49.5		47.6		52.5		54.2		48		46.7		68		46.6

		CHx		0		0		0		0		0		0		0		0		0

		CH3COCH3		4.5		3.1		0		0		0		0		0		0		0

		Conversion		79.9		83.9		82.8		78.3		80.5		93.4		83.8		81		76.4

		3500С		1:9		2:8		3-7		4:6		5:5		6:4		7:3		8:2		9:1

		CO2		9.7		6.5		14.6		5.4		11.4		4.8		9.6		3.3		8.7

		C3H6		34.3		57		53.7		53.5		57.1		53.5		51.5		66.5		49.5

		CHx		0		0		0		0		0		0		0		0		0

		CH3COCH3		8.5		8.5		0		0		1.7		15.7		7.8		2.7		1.7

		Conversion		79.3		82		81.2		77.9		78.9		92.3		83.1		80.3		75.6

		3000С		1:9		2:8		3-7		4:6		5:5		6:4		7:3		8:2		9:1

		CO2		5.2		3.6		9.9		3.6		10.5		3.6		8.4		1.8		3.4

		C3H6		39.6		61		56.5		55.5		53.4		61		55.3		63		54.2

		CHx		0		0		0		0		0		0		0		0		0

		CH3COCH3		17		15.3		4.3		3.4		5.1		25.5		13.6		7.4		5.1

		Conversion		78.7		79.9		78.7		76.5		75.6		91		81.2		79.7		74

		2500С		1:9		2:8		3-7		4:6		5:5		6:4		7:3		8:2		9:1

		CO2		2.1		0.6		4.6		0.9		6		0		3		0		0.9

		C3H6		45		52.6		52.5		49.5		47.5		52		48.7		49.6		55.5

		CHx		0		0		0		0		0		0		0		0		0

		CH3COCH3		28.9		22.1		16.3		20.4		17.3		32.3		28.7		28.9		17.2

		Conversion		75.4		75.3		75.4		74.8		71.8		84.3		80.8		78.5		73.6

		2000С		1:9		2:8		3-7		4:6		5:5		6:4		7:3		8:2		9:1

		CO2		0.3		0		0		0		0		0		0		0		0

		C3H6		30		36.4		42.4		36		33.5		31.8		37.5		35.5		45

		CHx		0		0		0		0		0		0		0		0		0

		CH3COCH3		39.1		23.6		20.4		23.4		25.2		21.6		37.4		12.8		10.7

		Conversion		69.4		60		62.8		59.4		58.7		53.4		74.9		48.3		55.7

		1500С		1:9		2:8		3-7		4:6		5:5		6:4		7:3		8:2		9:1

		CO2		0		0		0		0		0		0		0		0		0

		C3H6		4.5		9.6		5.9		6.6		6		7.1		12		0		0

		CHx		0		0		0		0		0		0		0		0		0

		CH3COCH3		37.4		13.4		8.4		5.1		5.1		7.1		26.5		0		0

		Conversion		41.9		23		14.3		14.2		11.5		14.2		38.5		0		0





Ti-V

		



CO2

C3H6

CHx

CH3COCH3

Conversion



		



CO2

C3H6

CHx

CH3COCH3

Conversion



		



CO2

C3H6

CHx

CH3COCH3

Conversion



		



CO2

C3H6

CHx

CH3COCH3

Conversion



		



CO2

C3H6

CHx

CH3COCH3

Conversion



		



CO2

C3H6

CHx

CH3COCH3

Conversion




_1751895935.xls
Диаграмма1

		1:9		1:9		1:9

		2:8		2:8		2:8

		3-7		3-7		3-7

		4:6		4:6		4:6

		5:5		5:5		5:5

		6:4		6:4		6:4

		7:3		7:3		7:3

		8:2		8:2		8:2

		9:1		9:1		9:1



C3H6

CH3COCH3

Conversion

Ti/V atomic ratio

Yields, %

16

8.1

24.1

25.4

5.1

30.5

26.4

7.4

33.8

45.4

13.6

59

51

17

68

39

8.5

47.5

27.1

3.4

30.5

13.5

3.4

16.9

8.3

1.7

10



1-9

		100		100		100		100		100

		150		150		150		150		150

		200		200		200		200		200

		250		250		250		250		250

		300		300		300		300		300

		350		350		350		350		350

		400		400		400		400		400

		450		450		450		450		450



CO2

C3H6

CHx

CH3COCH3

Conversion

0

0

0

4.5

3.4

7.9

0

16

8.1

24.1

1.1

37.5

17

55.6

2

40.5

23.8

66.3

4.5

38.5

18.7

68.5

7.1

34.9

11.9

69.9



2-8

		100		100		100		100		100

		150		150		150		150		150

		200		200		200		200		200

		250		250		250		250		250

		300		300		300		300		300

		350		350		350		350		350

		400		400		400		400		400

		450		450		450		450		450



CO2

C3H6

CHx

CH3COCH3

Conversion

0

0

0

4.9

3.4

8.3

0

25.4

5.1

30.5

0.9

46.5

6.2

53.6

1.5

51

5.8

58.3

3.7

51

3.1

59.8

6.6

43.5

0

61.1



3-7

		100		100		100		100		100

		150		150		150		150		150

		200		200		200		200		200

		250		250		250		250		250

		300		300		300		300		300

		350		350		350		350		350

		400		400		400		400		400

		450		450		450		450		450



CO2

C3H6

CHx

CH3COCH3

Conversion

0

0

0

5.4

2.4

7.8

26.4

7.4

33.8

0

42

17

59

1

48

10.2

65.2

2.6

45

5.1

70.7

5.1

42

1.7

72.8



4-6

		100		100		100		100		100

		150		150		150		150		150

		200		200		200		200		200

		250		250		250		250		250

		300		300		300		300		300

		350		350		350		350		350

		400		400		400		400		400

		450		450		450		450		450



CO2

C3H6

CHx

CH3COCH3

Conversion

0

0

0

11.5

2.7

14.2

45.4

13.6

59

0

53.7

7.4

63.1

0.6

55.5

5.4

65.5

1.5

57.4

0

68.9

4.3

58.7

70.3



5-5

		100		100		100		100		100

		150		150		150		150		150

		200		200		200		200		200

		250		250		250		250		250

		300		300		300		300		300

		350		350		350		350		350

		400		400		400		400		400

		450		450				450		450



CO2

C3H6

CHx

CH3COCH3

Conversion

0

0

0

15.7

3.8

19.5

51

17

68

59.8

20.4

80.2

0

63.6

17

81.6

0.9

66

5.1

82.9

3.8

68

1.7

83.5



6-4

		100		100		100		100		100

		150		150		150		150		150

		200		200		200		200		200

		250		250		250		250		250

		300		300		300		300		300

		350		350		350		350		350

		400		400		400		400		400

		450		450		450		450		450



CO2

C3H6

CHx

CH3COCH3

Conversion

0

0

0

13.6

2.1

15.7

39

8.5

47.5

0

48

5.1

58.1

0.6

44.8

3.7

64.3

1.5

38.6

0

67.5

3.3

30.6

68.9



7-3

		100		100		100		100		100

		150		150		150		150		150

		200		200		200		200		200

		250		250		250		250		250

		300		300		300		300		300

		350		350		350		350		350

		400		400		400		400		400

		450		450		450		450		450



CO2

C3H6

CHx

CH3COCH3

Conversion

0

0

0

27.1

3.4

30.5

48.5

18.7

67.2

0

55.5

15.3

71.8

0.3

51.5

7.8

73.1

2.7

46.7

73.8



8-2

		100		100		100		100		100

		150		150		150		150		150

		200		200		200		200		200

		250		250		250		250		250

		300		300		300		300		300

		350		350		350		350		350

		400		400		400		400		400

		450		450		450		450		450



CO2

C3H6

CHx

CH3COCH3

Conversion

0

0

0

13.5

3.4

16.9

35.8

6.8

42.6

0

55.5

8.5

64

0.3

62

5.1

67.4

2.5

65.7

1.7

69.9



9-1

		100		100		100		100		100

		150		150		150		150		150

		200		200		200		200		200

		250		250		250		250		250

		300		300		300		300		300

		350		350		350		350		350

		400		400		400		400		400

		450		450		450		450		450



CO2

C3H6

CHx

CH3COCH3

Conversion

0

0

0

8.3

1.7

10

32.3

13.6

45.9

57

17

74

0

60.7

11.9

72.6

1.5

64

5.5

74



Ti-V

		

				Ti-V		Т, 0С				Выходы, %

								CO2		C3H6		CHx		CH3COCH3		Conversion

				1-9		100				0				0		0		0

						150				4.5				3.4		7.9		7.9

						200		0		16				8.1		24.1		24.1

						250		1.1		37.5				17		55.6		55.6		51.3

						300		2		40.5				23.8		66.3		66.3		77

						350		4.5		38.5				18.7		68.5		61.7		79

						400		7.1		34.9				11.9		69.9		53.9		83

						450

								CO2		C3H6		CHx		CH3COCH3		Conversion		0

				2-8		100				0				0		0		0

						150				4.9				3.4		8.3		8.3		5

						200		0		25.4				5.1		30.5		30.5		72

						250		0.9		46.5				6.2		53.6		53.6		72

						300		1.5		51				5.8		58.3		58.3		80

						350		3.7		51				3.1		59.8		57.8		80

						400		6.6		43.5				0		61.1		50.1		80

						450

								CO2		C3H6		CHx		CH3COCH3		Conversion		0

				3-7		100				0				0		0		0

						150				5.4				2.4		7.8		7.8

						200				26.4				7.4		33.8		33.8

						250		0		42				17		59		59		82

						300		1		48				10.2		65.2		59.2		89

						350		2.6		45				5.1		70.7		52.7		100

						400		5.1		42				1.7		72.8		48.8		100

						450												0

								CO2		C3H6		CHx		CH3COCH3		Conversion		0

				4-6		100				0				0		0		0

						150				11.5				2.7		14.2		14.2

						200				45.4				13.6		59		59		43

						250		0		53.7				7.4		63.1		61.1		66

						300		0.6		55.5				5.4		65.5		61.5		74

						350		1.5		57.4				0		68.9		58.9		82

						400		4.3		58.7						70.3		63

						450												0

								CO2		C3H6		CHx		CH3COCH3		Conversion		0

				5:5		100				0				0		0		0

						150				15.7				3.8		19.5		19.5

						200				51				17		68		68		48

						250				59.8				20.4		80.2		80.2		69

						300		0		63.6				17		81.6		80.6		81

						350		0.9		66				5.1		82.9		72		95

						400		3.8		68				1.7		83.5		73.5		95

						450												0

								CO2		C3H6		CHx		CH3COCH3		Conversion		0

						100				0				0		0		0

				6-4		150				13.6				2.1		15.7		15.7

						200				39				8.5		47.5		47.5		85

						250		0		48				5.1		58.1		53.1		90

						300		0.6		44.8				3.7		64.3		49.1		93

						350		1.5		38.6				0		67.5		40.1		100

						400		3.3		30.6						68.9		33.9

						450												0

								CO2		C3H6		CHx		CH3COCH3		Conversion		0

						100												0

				7-3		150				0				0		0		0

						200				27.1				3.4		30.5		30.5		41

						250				48.5				18.7		67.2		67.2		68

						300		0		55.5				15.3		71.8		70.8		92

						350		0.3		51.5				7.8		73.1		59.6		100

						400		2.7		46.7						73.8		49.4

						450												0

								CO2		C3H6		CHx		CH3COCH3		Conversion		0

						100												0

				8-2		150				0				0		0		0

						200				13.5				3.4		16.9		16.9		18

						250				35.8				6.8		42.6		42.6		61

						300		0		55.5				8.5		64		64		68

						350		0.3		62				5.1		67.4		67.4		66

						400		2.5		65.7				1.7		69.9		69.9		70

						450												0

								CO2		C3H6		CHx		CH3COCH3		Conversion		0

				9-1		100												0

						150				0				0		0		0

						200				8.3				1.7		10		10		10

						250				32.3				13.6		45.9		45.9		62

						300				57				17		74		74		68

						350		0		60.7				11.9		72.6		72.6		70

						400		1.5		64				5.5		74		71		70.3

						450												0

		4000С		1:9		2:8		3-7		4:6		5:5		6:4		7:3		8:2		9:1

		CO2		7.1		6.6		5.1		4.3		3.8		3.3		2.7		2.5		1.5

		C3H6		34.9		43.5		42		58.7		68		30.6		46.7		65.7		64

		CHx		0		0		0		0		0		0		0		0		0

		CH3COCH3		11.9		0		1.7		0		1.7		0		0		1.7		5.5

		Conversion		69.9		61.1		72.8		70.3		83.5		68.9		73.8		69.9		74

		3500С		1:9		2:8		3-7		4:6		5:5		6:4		7:3		8:2		9:1

		CO2		4.5		3.7		2.6		1.5		0.9		1.5		0.3		0.3		0

		C3H6		38.5		51		45		57.4		66		38.6		51.5		62		60.7

		CHx		0		0		0		0		0		0		0		0		0

		CH3COCH3		18.7		3.1		5.1		0		5.1		0		7.8		5.1		11.9

		Conversion		68.5		59.8		70.7		68.9		82.9		67.5		73.1		67.4		72.6

		3000С		1:9		2:8		3-7		4:6		5:5		6:4		7:3		8:2		9:1

		CO2		2		1.5		1		0.6		0		0.6		0		0		0

		C3H6		40.5		51		48		55.5		63.6		44.8		55.5		55.5		57

		CHx		0		0		0		0		0		0		0		0		0

		CH3COCH3		23.8		5.8		10.2		5.4		17		3.7		15.3		8.5		17

		Conversion		66.3		58.3		65.2		65.5		81.6		64.3		71.8		64		74

		2500С		1:9		2:8		3-7		4:6		5:5		6:4		7:3		8:2		9:1

		CO2		1.1		0.9		0		0		0		0		0		0		0

		C3H6		37.5		46.5		42		53.7		59.8		48		48.5		35.8		32.3

		CHx		0		0		0		0		0		0		0		0		0

		CH3COCH3		17		6.2		17		7.4		20.4		5.1		18.7		6.8		13.6

		Conversion		55.6		53.6		59		63.1		80.2		58.1		67.2		42.6		45.9

		2000С		1:9		2:8		3-7		4:6		5:5		6:4		7:3		8:2		9:1

		CO2		0		0		0		0		0		0		0		0		0

		C3H6		16		25.4		26.4		45.4		51		39		27.1		13.5		8.3

		CHx		0		0		0		0		0		0		0		0		0

		CH3COCH3		8.1		5.1		7.4		13.6		17		8.5		3.4		3.4		1.7

		Conversion		24.1		30.5		33.8		59		68		47.5		30.5		16.9		10

		1500С		1:9		2:8		3-7		4:6		5:5		6:4		7:3		8:2		9:1

		CO2		0		0		0		0		0		0		0		0		0

		C3H6		4.9		4.9		5.4		11.5		15.7		13.6		0		0		0

		CHx		0		0		0		0		0		0		0		0		0

		CH3COCH3		3.4		3.4		2.4		2.7		3.8		2.1		0		0		0

		Conversion		7.9		8.3		7.8		14.2		19.5		15.7		0		0		0
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