Quiz questions for course ChE-410: Catalysis for Emission Control and Energy Production
Lesson: Stationary Emission Control
1. Which region experienced an increase in NO2 concentrations between 2005 and 2010 due to rapid industrial growth?
A: Western Europe
B: Eastern United States
C: East Asia
D: Northern Africa

2. Which of the following are important contributors to the formation of summer smog at ground level?
A: Ultraviolet radiation from sunlight
B: Nitrogen oxides from incomplete combustion
C: Volatile organic compounds from petroleum products
D: Carbon dioxide from plant respiration

3. Which of the following substances are commonly or sometimes emitted by internal combustion engines or their catalysts?
A: Carbon monoxide and hydrocarbons
B: Nitrogen oxides and particulate matter
C: Ozone and helium from engine combustion
D: Hydrocyanic acid and ammonia after catalyst cold-start in combination with exhaust gas catalysts

4. Which of the following lambda (λ) values are associated with low fuel consumption or maximum engine power in gasoline engines?
A: λ between 1.15 and 1.25
B: λ between 0.9 and 0.95
C: λ around 1.4
D: λ exactly 1



5. Which of the following are important requirements for SCR systems in Diesel vehicles compared to traditional stationary installations?
A: Reduction of the exhaust gas pressure
B: Broadening of the operational window
C: Operation under dynamic conditions
D: Improvement of the low-temperature activity

6. Which of the following statements correctly describe the functions of WO3 and SiO2 in V-based SCR catalysts for diesel vehicles?
A: WO3 lowers the crystallite sites and reduces the surface area of the catalyst.
B: SiO2 favors NH3 adsorption on the catalyst surface due to its strong acidity.
C: WO3 increases the thermal stability of the catalyst and supports the spreading of vanadia species.
D: SiO2 helps preserve the surface area and pore volume.

7. Which of the following processes are key steps in the amid-nitrosamide mechanism of the SCR reaction?
A: Adsorption of ammonia on a Lewis acid site
B: Activation of ammonia to form an amide species
C: Direct oxidation of ammonia to nitric acid
D: Re-oxidation of the reduced catalyst by gaseous oxygen

8. Which of the following processes are involved in the SCR reaction mechanism via Brønsted acid sites as described by Topsøe?
A: Adsorption of ammonia on Brønsted acid centers
B: Activation of ammonia by adjacent vanadium oxo species
C: Direct oxidation of ammonia to HONO without intermediate formation
D: Reoxidation of V4+-OH species by oxygen

9. Which of the following statements accurately describe the mechanistic features of the fast SCR reaction over vanadium-based catalysts under low-temperature conditions?
A: Direct interaction of NO2 with vanadium sites is the main reason for the increased rate in fast SCR.
B: Nitrate species formed from NO2 play a crucial role in reoxidizing reduced vanadium sites.
C: The main rate-limiting step in standard SCR is the reoxidation of vanadium sites by gaseous oxygen.
D: Reoxidation of vanadium sites is significantly accelerated in the presence of NO2.
10. Which of the following conditions contribute to achieving both high SCR activity and good thermal stability in vanadium-based catalysts?
A: Increasing vanadium content significantly above 2% V2O5
B: Choosing an optimum calcination temperature
C: Using a vanadium content around 2% V2O5
D: Selecting very low vanadium content in the catalyst

11. Which of the following are effects of adding WO3 to TiO2-based catalysts?
A: Stabilization of the anatase phase of TiO2
B: Increase in the surface acidity of the catalyst
C: Reduction in the resistance to alkali metal oxides poisoning
D: Widening of the temperature window for selective catalytic reduction

12. Which of the following statements accurately describe features of washcoated and extruded catalysts?
A: Extruded catalysts are designed with a higher vanadia content to balance the lower amount of active mass.
B: Washcoated catalysts use cordierite or metal substrates as their base structure.
C: Washcoated catalysts typically have a cell density of around 400 cpsi.
D: Extruded catalysts have the entire structure made of active mass mixed with binders and fibres.





Correct answers and background feedback
1. Which region experienced an increase in NO2 concentrations between 2005 and 2010 due to rapid industrial growth?
A: Western Europe
B: Eastern United States
C: East Asia
D: Northern Africa
Correct Answer(s)
C
General Feedback
The correct answer is East Asia. Between 2005 and 2010, East Asia experienced a rise in NO2 concentrations, mainly due to rapid industrial and manufacturing expansion, while regions like Eastern United States and Europe saw decreases.

2. Which of the following are important contributors to the formation of summer smog at ground level?
A: Ultraviolet radiation from sunlight
B: Nitrogen oxides from incomplete combustion
C: Volatile organic compounds from petroleum products
D: Carbon dioxide from plant respiration
Correct Answer(s)
A, B, C
General Feedback
Summer smog forms when ultraviolet radiation from sunlight interacts with nitrogen oxides and volatile organic compounds, leading to the production of ground-level ozone and photo-oxidants. Carbon dioxide from plant respiration is not a major contributor to this process.

3. Which of the following substances are commonly or sometimes emitted by internal combustion engines or their catalysts?
A: Carbon monoxide and hydrocarbons
B: Nitrogen oxides and particulate matter
C: Ozone and helium from engine combustion
D: Hydrocyanic acid and ammonia after catalyst cold-start in combination with exhaust gas catalysts
Correct Answer(s)
A, B, D
General Feedback
Internal combustion engines emit a variety of pollutants, including carbon monoxide, hydrocarbons, nitrogen oxides, particulate matter, and, in some cases, substances like hydrocyanic acid and ammonia from catalysts.

4. Which of the following lambda (λ) values are associated with low fuel consumption or maximum engine power in gasoline engines?
A: λ between 1.15 and 1.25
B: λ between 0.9 and 0.95
C: λ around 1.4
D: λ exactly 1
Correct Answer(s)
A, B
General Feedback
Lambda values between 1.15 and 1.25 are associated with low fuel consumption, while values between 0.9 and 0.95 are used for maximum engine power. Lambda around 1.4 is near the ignition limit, and exactly 1 is stoichiometric combustion.

5. Which of the following are important requirements for SCR systems in Diesel vehicles compared to traditional stationary installations?
A: Reduction of the exhaust gas pressure
B: Broadening of the operational window
C: Operation under dynamic conditions
D: Improvement of the low-temperature activity
Correct Answer(s)
B, C, D
General Feedback
The main requirements for SCR systems in Diesel vehicles include broadening the operational window, ensuring operation under dynamic conditions, and improving low-temperature activity. These address the challenges of mobile applications compared to stationary installations.

6. Which of the following statements correctly describe the functions of WO3 and SiO2 in V-based SCR catalysts for diesel vehicles?
A: WO3 lowers the crystallite sites and reduces the surface area of the catalyst.
B: SiO2 favors NH3 adsorption on the catalyst surface due to its strong acidity.
C: WO3 increases the thermal stability of the catalyst and supports the spreading of vanadia species.
D: SiO2 helps preserve the surface area and pore volume.
Correct Answer(s)
C, D
General Feedback
WO3 and SiO2 play distinct roles in V-based SCR catalysts. WO3 enhances thermal stability, supports vanadia dispersion, and provides strong acidity for NH3 adsorption. SiO2 helps maintain the catalyst's surface area and pore volume.

7. Which of the following processes are key steps in the amid-nitrosamide mechanism of the SCR reaction?
A: Adsorption of ammonia on a Lewis acid site
B: Activation of ammonia to form an amide species
C: Direct oxidation of ammonia to nitric acid
D: Re-oxidation of the reduced catalyst by gaseous oxygen
Correct Answer(s)
A, B, D
General Feedback
The amid-nitrosamide mechanism involves the adsorption and activation of ammonia, formation of intermediates, and regeneration of the catalyst. Direct oxidation to nitric acid is not part of this pathway.

8. Which of the following processes are involved in the SCR reaction mechanism via Brønsted acid sites as described by Topsøe?
A: Adsorption of ammonia on Brønsted acid centers
B: Activation of ammonia by adjacent vanadium oxo species
C: Direct oxidation of ammonia to HONO without intermediate formation
D: Reoxidation of V4+-OH species by oxygen
Correct Answer(s)
A, B, D
General Feedback
The SCR mechanism via Brønsted acid sites involves ammonia adsorption, activation by vanadium oxo species, reaction with NO, and regeneration of the catalyst by oxidation of V4+-OH.

9. Which of the following statements accurately describe the mechanistic features of the fast SCR reaction over vanadium-based catalysts under low-temperature conditions?
A: Direct interaction of NO2 with vanadium sites is the main reason for the increased rate in fast SCR.
B: Nitrate species formed from NO2 play a crucial role in reoxidizing reduced vanadium sites.
C: The main rate-limiting step in standard SCR is the reoxidation of vanadium sites by gaseous oxygen.
D: Reoxidation of vanadium sites is significantly accelerated in the presence of NO2.
Correct Answer(s)
A, B, C
General Feedback
The fast SCR reaction over vanadium-based catalysts is characterized by accelerated reoxidation of vanadium sites in the presence of NO2, primarily due to the formation of nitrate species. In contrast, the standard SCR process is limited by the slower reoxidation of vanadium by gaseous oxygen.

10. Which of the following conditions contribute to achieving both high SCR activity and good thermal stability in vanadium-based catalysts?
A: Increasing vanadium content significantly above 2% V2O5
B: Choosing an optimum calcination temperature
C: Using a vanadium content around 2% V2O5
D: Selecting very low vanadium content in the catalyst
Correct Answer(s)
B, C
General Feedback
To achieve both high SCR activity and good thermal stability, it is important to use an optimal vanadium content (around 2% V2O5) and the right calcination temperature, which activates the catalyst but does not deactivate it. Too much or too little vanadium can negatively impact performance.

11. Which of the following are effects of adding WO3 to TiO2-based catalysts?
A: Stabilization of the anatase phase of TiO2
B: Increase in the surface acidity of the catalyst
C: Reduction in the resistance to alkali metal oxides poisoning
D: Widening of the temperature window for selective catalytic reduction
Correct Answer(s)
A, B, D
General Feedback
WO3 has several beneficial effects on TiO2-based catalysts, including stabilizing the anatase phase, increasing surface acidity, and widening the temperature window for SCR. It also increases resistance to alkali metal oxides poisoning, not reduces it.

12. Which of the following statements accurately describe features of washcoated and extruded catalysts?
A: Extruded catalysts are designed with a higher vanadia content to balance the lower amount of active mass.
B: Washcoated catalysts use cordierite or metal substrates as their base structure.
C: Washcoated catalysts typically have a cell density of around 400 cpsi.
D: Extruded catalysts have the entire structure made of active mass mixed with binders and fibres.
Correct Answer(s)
B, C, D
General Feedback
Washcoated catalysts are built on cordierite or metal substrates, have a higher cell density (around 400 cpsi), and often require higher vanadia content due to a thinner active layer. Extruded catalysts, in contrast, have their entire structure made of active mass mixed with binders and fibres, and typically have a cell density of about 300 cpsi.
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