Quiz questions for course ChE-410: Catalysis for Emission Control and Energy Production
Lesson: Diesel II
1. Which of the following statements accurately describe zeolites and their properties?
A: Zeolites can exchange their H+ ions with other metal cations such as Fe or Cu.
B: Zeolites are crystalline hydrated aluminosilicates with a framework containing both Al and Si atoms.
C: Zeolites are composed only of silicon and oxygen atoms in their framework.
D: Metal-exchanged zeolites can act as redox-active catalysts in chemical reactions.


2. Which of the following statements correctly describe the ring sizes found in the BEA, MFI, and CHA zeolite frameworks?
A: BEA has 8-membered rings and MFI has 12-membered rings.
B: BEA has 12-membered rings and MFI has 10-membered rings.
C: CHA is characterized by 8-membered rings and BEA by 12-membered rings.
D: MFI has 10-membered rings and CHA has 8-membered rings.

3. Which of the following statements accurately describe the behavior of SCR catalysts under the given conditions?
A: Vanadium-based catalysts show high activity over a broad temperature range.
B: Fe-zeolites produce significant N2O formation at high temperatures.
C: Fe-zeolites show high activity at high temperatures.
D: Cu-zeolites show very high activity at low temperatures.

4. Which of the following statements correctly describe the effects of hydrothermal ageing at 750°C on SCR catalysts?
A: Vanadium-based SCR catalysts lost almost all activity after ageing.
B: Fe-zeolites showed some deactivation at low temperatures.
C: Cu-zeolites showed only slight deactivation after ageing.
D: N2O formation decreased significantly after ageing.


5. Which of the following chemical equations represent reactions that occur in Selective Catalytic Reduction (SCR) processes?
A: 4 NH3 + 4 NO + O2 → 4 N2 + 6 H2O
B: 4 NH3 + 2 NO + 2 NO2 → 4 N2 + 6 H2O
C: 4 NH3 + 3 NO2 → 3.5 N2 + 6 H2O
D: 4 NH3 + 4 NO2 → 2 NH4NO3↓ + 2 N2 + 6 H2O

6. What is the main reason for the deactivation of Cu-SPZ catalysts when exposed to sulfur compounds?
A: Formation of iron sulfide on the catalyst surface
B: Loss of ammonia adsorption capacity
C: Formation of copper sulfate in the catalyst
D: Increase in water vapor concentration

7. How do large hydrocarbon molecules affect the SCR performance of Cu-SSZ-13 catalysts at 300°C?
A: They significantly decrease the SCR activity
B: They have only a low effect on SCR performance
C: They completely block the catalyst pores
D: They enhance the SCR reaction rate

8. Which of the following statements accurately describe methods for introducing metal ions into zeolites?
A: Liquid phase ion exchange uses aqueous solutions of metal salts to replace protons in zeolites.
B: Liquid phase ion exchange requires the zeolite to be mixed with a volatile metal salt and heated in the absence of water.
C: Solid state ion exchange involves mixing zeolite with a volatile metal salt and heating the mixture.
D: Solid state ion exchange is performed by dissolving metal salts in water and soaking the zeolite at room temperature.




9. Which of the following statements accurately describe the roles of iron species in Fe-ZSM-5 SCR catalysts at different temperatures?
A: Clustered iron species mainly contribute to ammonia oxidation at high temperatures.
B: Clustered iron species are the main contributors to SCR activity at low temperatures.
C: Isolated iron species are important for SCR activity at low temperatures.
D: Increasing the concentration of isolated iron species can enhance low-temperature SCR performance.

10. Which of the following statements accurately describe the challenges related to catalyst temperature in diesel engines compared to gasoline engines?

A: Diesel engine catalysts always operate at optimal temperature regardless of engine load or conditions.
B: Diesel engines often have lower exhaust gas temperatures, making it harder for the catalyst to reach optimal operation.
C: After a cold start, the catalyst in diesel engines may not oxidize carbon monoxide and hydrocarbons efficiently.
D: Gasoline engine catalysts usually reach their light-off temperature more quickly due to higher exhaust temperatures at idle.

11. Which of the following statements accurately describe important aspects of diesel oxidation catalysts (DOCs) and their operation?
A: DOCs convert carbon monoxide (CO) into carbon dioxide (CO2) through oxidation.
B: DOCs help oxidize hydrocarbons (HC) into carbon dioxide and water.
C: Oxidation of CO and HC over the DOC can inhibit the oxidation of NO to NO2.
D: DOCs are designed to reduce nitrogen dioxide (NO2) to nitrogen monoxide (NO) at all exhaust temperatures.

12. Which of the following materials are commonly used in commercial diesel oxidation catalysts and contribute to their performance?
A: Platinum and palladium as active metals
B: Alumina as a catalyst support
C: Copper and nickel as main active metals
D: Silica and zeolites as additives


13. Which of the following conditions are associated with high activity for NO conversion over Pt/Al2O3 catalysts?
A: Freshly reduced platinum surface
B: Calcined at 450°C in oxygen for 2 hours
C: Calcined at 250°C in oxygen and NO2 for 2 hours
D: Reduced platinum surface exposed to O2 forming Pt-Osurf

14. Which of the following reactions are part of the Langmuir-Hinshelwood mechanism for NO oxidation over platinum catalysts?
A: O2 + 2 Pt → 2 Pt-Osurf
B: NO + Pt ↔ Pt-NO
C: Pt + NO2 → Pt-O + NO
D: Pt-NO + Pt-Osurf ↔ Pt-NO2 + 2Pt

15. Which of the following statements accurately describe important aspects of NO oxidation over Pt/Al2O3 catalysts?

A: Smaller Pt particles are preferred because they are less likely to oxidize at low temperatures.
B: Medium-sized Pt particles around 10 nm are well suited because they behave similarly to a Pt(111) surface.
C: Reduced Pt with surface oxygen shows high activity for NO oxidation reactions.
D: NO can reduce PtO below 220°C even when O2 is present, leading to catalyst reactivation.

16. Which of the following are effective strategies to fight thermal deactivation of diesel oxidation catalysts?
A: Using Pt-Pd bimetallic catalysts to form a protective PdO layer
B: Adding CeO2, La2O3, SiO2, or ZrO2 to the Al2O3 support
C: The presence of water to increase the mobility of Pt-O on Al2O3 surfaces
D: Using only pure Pt catalysts without any additives or secondary metals





17. Which of the following statements accurately describe processes or effects involved in the deactivation of diesel oxidation catalysts?
A: Sulfur in diesel fuel is oxidized to SO2 and then to SO3 over the catalyst at high temperatures.
B: SO3 can react with water vapor to form sulfuric acid, which contributes to catalyst deactivation.
C: The presence of sulfur on the catalyst increases its CO and HC oxidation performance.
D: Regeneration of Pt/Al2O3 catalysts at high temperatures leads to decomposition of aluminum sulfate.

18. Which of the following are known effects of diesel soot on health and the environment?
A: Diesel soot can blacken the surfaces of buildings
B: Nanoparticles in diesel soot can enter the bloodstream
C: Diesel soot can contribute to lung cancer and asthma
D: Diesel soot can weaken the immune system’s response

19. Which of the following statements accurately describe the properties and implications of particle emissions from turbo-charged Diesel engines?
A: The maximum of the particle size distribution is typically found at 100 nm.
B: The minor fraction of the particle mass is due to particles larger than 100 nm.
C: The toxicity of particulate matter is strongly correlated with its surface area.
D: The gravimetric soot measurement is well suited to account for the high number of small soot particles.
20. Which of the following features are characteristic of the microstructure and aggregation of carbon black primary particles?
A: Spherical primary particles with concentric, ordered graphite-like crystallites
B: Highly disordered structures with misaligned parallel layers and axial torsion
C: Primary particles with a perfectly crystalline and aligned graphite structure
D: Primary particles interconnected by intergrowing and overlapping graphite layers

21. Which of the following are active chemical groups commonly found on the surface of carbon black?
A: Carboxyl groups
B: Phenol groups
C: Lactol groups
D: Alkyl groups




Correct answers and background feedback
1. Which of the following statements accurately describe zeolites and their properties?
A: Zeolites can exchange their H+ ions with other metal cations such as Fe or Cu.
B: Zeolites are crystalline hydrated aluminosilicates with a framework containing both Al and Si atoms.
C: Zeolites are composed only of silicon and oxygen atoms in their framework.
D: Metal-exchanged zeolites can act as redox-active catalysts in chemical reactions.

Correct Answer(s)
A, B, D
General Feedback
Zeolites are crystalline hydrated aluminosilicates with frameworks containing both silicon and aluminum atoms. Their ability to exchange H+ ions with other metal cations enables them to act as redox-active catalysts, making them valuable in various chemical processes.

2. Which of the following statements correctly describe the ring sizes found in the BEA, MFI, and CHA zeolite frameworks?
A: BEA has 8-membered rings and MFI has 12-membered rings.
B: BEA has 12-membered rings and MFI has 10-membered rings.
C: CHA is characterized by 8-membered rings and BEA by 12-membered rings.
D: MFI has 10-membered rings and CHA has 8-membered rings.
Correct Answer(s)
B, C, D
General Feedback
BEA, MFI, and CHA are zeolite frameworks distinguished by their ring sizes: BEA has 12-membered rings, MFI has 10-membered rings, and CHA has 8-membered rings. Understanding these differences is important for identifying and classifying zeolites.

3. Which of the following statements accurately describe the behavior of SCR catalysts under the given conditions?
A: Vanadium-based catalysts show high activity over a broad temperature range.
B: Fe-zeolites produce significant N2O formation at high temperatures.
C: Fe-zeolites show high activity at high temperatures.
D: Cu-zeolites show very high activity at low temperatures.
Correct Answer(s)
A, C, D
General Feedback
Vanadium-based catalysts are active over a broad temperature range and tend to form more N2O at high temperatures. Fe-zeolites are highly active at high temperatures and do not form N2O. Cu-zeolites are very active at low temperatures but can produce significant N2O.

4. Which of the following statements correctly describe the effects of hydrothermal ageing at 750°C on SCR catalysts?
A: Vanadium-based SCR catalysts lost almost all activity after ageing.
B: Fe-zeolites showed some deactivation at low temperatures.
C: Cu-zeolites showed only slight deactivation after ageing.
D: N2O formation decreased significantly after ageing.
Correct Answer(s)
A, B, C
General Feedback
Hydrothermal ageing at 750°C has a strong impact on SCR catalysts. Vanadium-based catalysts lose almost all activity, Fe-zeolites show some deactivation at low temperatures, and Cu-zeolites are only slightly affected. Additionally, there is a slight increase in N2O formation after ageing.

5. Which of the following chemical equations represent reactions that occur in Selective Catalytic Reduction (SCR) processes?
A: 4 NH3 + 4 NO + O2 → 4 N2 + 6 H2O
B: 4 NH3 + 2 NO + 2 NO2 → 4 N2 + 6 H2O
C: 4 NH3 + 3 NO2 → 3.5 N2 + 6 H2O
D: 4 NH3 + 4 NO2 → 2 NH4NO3↓ + 2 N2 + 6 H2O
Correct Answer(s)
A, B, C, D
General Feedback
All the provided equations are key reactions in the SCR process, each representing different conditions or types of SCR (standard, fast, and NO2-SCR). Understanding these reactions is essential for grasping how SCR technology reduces nitrogen oxide emissions.

6. What is the main reason for the deactivation of Cu-SPZ catalysts when exposed to sulfur compounds?
A: Formation of iron sulfide on the catalyst surface
B: Loss of ammonia adsorption capacity
C: Formation of copper sulfate in the catalyst
D: Increase in water vapor concentration
Correct Answer(s)
C
General Feedback
Cu-SPZ catalysts deactivate mainly due to the formation of copper sulfate when exposed to sulfur compounds, which impairs their catalytic function. Understanding this helps in designing more sulfur-tolerant catalysts.

7. How do large hydrocarbon molecules affect the SCR performance of Cu-SSZ-13 catalysts at 300°C?
A: They significantly decrease the SCR activity
B: They have only a low effect on SCR performance
C: They completely block the catalyst pores
D: They enhance the SCR reaction rate
Correct Answer(s)
B
General Feedback
Large hydrocarbon molecules have only a low effect on the SCR performance of Cu-SSZ-13 catalysts at 300°C. This is because the small pore structure of the catalyst restricts the diffusion of long-chain hydrocarbons, preventing them from reaching the internal active sites.

8. Which of the following statements accurately describe methods for introducing metal ions into zeolites?
A: Liquid phase ion exchange uses aqueous solutions of metal salts to replace protons in zeolites.
B: Liquid phase ion exchange requires the zeolite to be mixed with a volatile metal salt and heated in the absence of water.
C: Solid state ion exchange involves mixing zeolite with a volatile metal salt and heating the mixture.
D: Solid state ion exchange is performed by dissolving metal salts in water and soaking the zeolite at room temperature.
Correct Answer(s)
A, C
General Feedback
Both liquid phase and solid state ion exchange are important methods for introducing metal ions into zeolites. Liquid phase uses aqueous solutions, while solid state involves heating with volatile metal salts.

9. Which of the following statements accurately describe the roles of iron species in Fe-ZSM-5 SCR catalysts at different temperatures?
A: Clustered iron species mainly contribute to ammonia oxidation at high temperatures.
B: Clustered iron species are the main contributors to SCR activity at low temperatures.
C: Isolated iron species are important for SCR activity at low temperatures.
D: Increasing the concentration of isolated iron species can enhance low-temperature SCR performance.
Correct Answer(s)
A, C, D
General Feedback
Understanding the distinct roles of isolated and clustered iron species in Fe-ZSM-5 catalysts is crucial for optimizing SCR performance and minimizing undesired ammonia oxidation.

10. Which of the following statements accurately describe the challenges related to catalyst temperature in diesel engines compared to gasoline engines?

A: Diesel engine catalysts always operate at optimal temperature regardless of engine load or conditions.
B: Diesel engines often have lower exhaust gas temperatures, making it harder for the catalyst to reach optimal operation.
C: After a cold start, the catalyst in diesel engines may not oxidize carbon monoxide and hydrocarbons efficiently.
D: Gasoline engine catalysts usually reach their light-off temperature more quickly due to higher exhaust temperatures at idle.
Correct Answer(s)
B, C, D
General Feedback
Catalyst temperature is crucial for emission control. Diesel engines face challenges because their exhaust gas temperatures are often too low for the catalyst to work efficiently, especially after a cold start. Gasoline engines, with higher exhaust temperatures even at idle, allow the catalyst to function more effectively.

11. Which of the following statements accurately describe important aspects of diesel oxidation catalysts (DOCs) and their operation?
A: DOCs convert carbon monoxide (CO) into carbon dioxide (CO2) through oxidation.
B: DOCs help oxidize hydrocarbons (HC) into carbon dioxide and water.
C: Oxidation of CO and HC over the DOC can inhibit the oxidation of NO to NO2.
D: DOCs are designed to reduce nitrogen dioxide (NO2) to nitrogen monoxide (NO) at all exhaust temperatures.
Correct Answer(s)
A, B, C
General Feedback
Diesel oxidation catalysts play a crucial role in reducing harmful emissions by oxidizing CO and hydrocarbons. They also participate in NO to NO2 conversion, but this process can be inhibited by the presence of CO and HC.

12. Which of the following materials are commonly used in commercial diesel oxidation catalysts and contribute to their performance?
A: Platinum and palladium as active metals
B: Alumina as a catalyst support
C: Copper and nickel as main active metals
D: Silica and zeolites as additives
Correct Answer(s)
A, B, D
General Feedback
Platinum and palladium are the primary active metals in DOCs, supported by alumina. Additives like silica and zeolites further enhance catalyst performance.

13. Which of the following conditions are associated with high activity for NO conversion over Pt/Al2O3 catalysts?
A: Freshly reduced platinum surface
B: Calcined at 450°C in oxygen for 2 hours
C: Calcined at 250°C in oxygen and NO2 for 2 hours
D: Reduced platinum surface exposed to O2 forming Pt-Osurf
Correct Answer(s)
A, D
General Feedback
High NO conversion activity is observed with freshly reduced platinum surfaces and when surface oxygen species (Pt-Osurf) are present. Calcination in oxygen or in oxygen plus NO2 leads to platinum oxide formation, which is less active.

14. Which of the following reactions are part of the Langmuir-Hinshelwood mechanism for NO oxidation over platinum catalysts?
A: O2 + 2 Pt → 2 Pt-Osurf
B: NO + Pt ↔ Pt-NO
C: Pt + NO2 → Pt-O + NO
D: Pt-NO + Pt-Osurf ↔ Pt-NO2 + 2Pt
Correct Answer(s)
A, B, D
General Feedback
The Langmuir-Hinshelwood mechanism for NO oxidation over platinum involves the adsorption of both O2 and NO on the catalyst surface, their subsequent reaction to form NO2, and the desorption of NO2. Steps involving direct reaction with NO2 and formation of platinum oxide are related to catalyst deactivation, not the main catalytic cycle.

15. Which of the following statements accurately describe important aspects of NO oxidation over Pt/Al2O3 catalysts?

A: Smaller Pt particles are preferred because they are less likely to oxidize at low temperatures.
B: Medium-sized Pt particles around 10 nm are well suited because they behave similarly to a Pt(111) surface.
C: Reduced Pt with surface oxygen shows high activity for NO oxidation reactions.
D: NO can reduce PtO below 220°C even when O2 is present, leading to catalyst reactivation.
Correct Answer(s)
B, C, D
General Feedback
The most effective NO oxidation over Pt/Al2O3 involves medium-sized Pt particles, reduced Pt with surface oxygen, and the ability of NO to reduce PtO at low temperatures. Smaller particles oxidize too easily and are not preferred.

16. Which of the following are effective strategies to fight thermal deactivation of diesel oxidation catalysts?
A: Using Pt-Pd bimetallic catalysts to form a protective PdO layer
B: Adding CeO2, La2O3, SiO2, or ZrO2 to the Al2O3 support
C: The presence of water to increase the mobility of Pt-O on Al2O3 surfaces
D: Using only pure Pt catalysts without any additives or secondary metals
Correct Answer(s)
A, B
General Feedback
Thermal deactivation of diesel oxidation catalysts is influenced by sintering of both the active metal and the support. Strategies such as using bimetallic catalysts and support additives help mitigate these effects, while water can accelerate deactivation.

17. Which of the following statements accurately describe processes or effects involved in the deactivation of diesel oxidation catalysts?
A: Sulfur in diesel fuel is oxidized to SO2 and then to SO3 over the catalyst at high temperatures.
B: SO3 can react with water vapor to form sulfuric acid, which contributes to catalyst deactivation.
C: The presence of sulfur on the catalyst increases its CO and HC oxidation performance.
D: Regeneration of Pt/Al2O3 catalysts at high temperatures leads to decomposition of aluminum sulfate.
Correct Answer(s)
A, B, D
General Feedback
Processes such as sulfur oxidation, formation of sulfuric acid, and the impact of sulfur on catalyst performance are central to understanding diesel oxidation catalyst deactivation. Regeneration at high temperatures can help reverse some of these effects.

18. Which of the following are known effects of diesel soot on health and the environment?
A: Diesel soot can blacken the surfaces of buildings
B: Nanoparticles in diesel soot can enter the bloodstream
C: Diesel soot can contribute to lung cancer and asthma
D: Diesel soot can weaken the immune system’s response
Correct Answer(s)
A, B, C, D
General Feedback
Diesel soot has several harmful effects, including environmental damage to buildings, respiratory diseases like asthma and lung cancer, and the ability of nanoparticles to enter the bloodstream and weaken the immune system.

19. Which of the following statements accurately describe the properties and implications of particle emissions from turbo-charged Diesel engines?
A: The maximum of the particle size distribution is typically found at 100 nm.
B: The minor fraction of the particle mass is due to particles larger than 100 nm.
C: The toxicity of particulate matter is strongly correlated with its surface area.
D: The gravimetric soot measurement is well suited to account for the high number of small soot particles.
Correct Answer(s)
A, C
General Feedback
The properties of Diesel engine exhaust particles are complex: the number of particles peaks at around 100 nm, most of the mass is from larger particles, and toxicity is linked to surface area. Gravimetric methods may miss the abundance of small particles.
20. Which of the following features are characteristic of the microstructure and aggregation of carbon black primary particles?
A: Spherical primary particles with concentric, ordered graphite-like crystallites
B: Highly disordered structures with misaligned parallel layers and axial torsion
C: Primary particles with a perfectly crystalline and aligned graphite structure
D: Primary particles interconnected by intergrowing and overlapping graphite layers
Correct Answer(s)
A, B, D
General Feedback
The microstructure of carbon black primary particles is complex, featuring both ordered graphite-like crystallites and highly disordered regions. Aggregation occurs through intergrowing and overlapping graphite layers, not through perfect crystallinity.

21. Which of the following are active chemical groups commonly found on the surface of carbon black?
A: Carboxyl groups
B: Phenol groups
C: Lactol groups
D: Alkyl groups
Correct Answer(s)
A, B, C
General Feedback
Carboxyl, phenol, and lactol groups are all oxygen-containing chemical groups due to oxidation and they are commonly found on carbon black surfaces, such as those in diesel soot. Alkyl groups are not typically present in this context.
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