Quiz questions for course ChE-410: Catalysis for Emission Control and Energy Production
Lesson: Stationary Emission Control
1. Which type of air pollutant is considered to pose the greatest health risk according to the World Health Organization?
A: Ozone and nitrogen dioxide
B: Fine particles PM2.5 and PM10
C: Carbon monoxide and methane
D: Sulfur dioxide and lead compounds

2. In emission control, what does the unit 'ppm' most commonly represent?
A: Parts per million by mass
B: Parts per million by number
C: Parts per million by volume
D: Parts per million by partial pressure


3. Given an exhaust gas flow rate of 20000 m3/h at standard temperature and pressure (STP) and a catalytic converter volume of 4 m3, calculate the gas hourly space velocity (GHSV).


4. Which of the following abbreviations are correctly matched with their meanings in the context of emission control?
A: CO: Carbon monoxide
B: VOC: Volatile organic compounds
C: PM: Particulate Matter
D: NOx: Nitrous oxide

5. Calculate the NOx concentration in mg/m3 for a flue gas containing 150 ppm NO, 250 ppm NO2, and 75 ppm N2O. Use the molar mass of NO2 (46.0055 g/mol) for the calculation.



6. Which process(es) is/are used by charcoal filters to capture pollutants from the air?
A: Absorption
B: Oxidation
C: Catalytic conversion
D: Adsorption

7. What is the main reason larger particles are separated from the airstream in a cyclone separator?
A: They have too much inertia to follow the curved airflow
B: They are attracted by a magnetic field inside the cyclone
C: They dissolve in the air as they rotate
D: They are pushed upward by the central air stream

8. What is the main function of the collection plates in a plate-type electrostatic precipitator?
A: To generate a high voltage for the discharge electrodes
B: To provide a path for contaminated gases to bypass the system
C: To collect charged particles from the air stream
D: To produce ozone for air purification

9. Which of the following substances and processes are involved in the removal of sulfur dioxide (SO2) from industrial gases?
A: Using calcium carbonate to react with sulfur dioxide in a wet scrubber
B: Applying magnesium hydroxide as a more reactive alternative in absorption
C: Oxidizing calcium sulfite to produce gypsum in the presence of oxygen and water
D: Using sodium chloride in a dry scrubbing process for SO2 removal

10. Which of the following statements accurately describe the Selective Non-Catalytic Reduction (SNCR) process for NOx reduction?
A: The SNCR process is performed at temperatures below 500°C for optimal results.
B: The optimal temperature for the SNCR process is around 900°C.
C: The SNCR process can typically achieve a NOx reduction potential of about 75%.
D: Ammonia or urea solution is injected as a reducing agent in the process.

11. Which process reaches its highest effectiveness around 950°C in the SNCR temperature window?
A: Ammonia oxidation
B: NOx reduction
C: NO formation
D: Ammonia emission

12. What is the main function of ozone in the Linde LOTOX low-temperature oxidation process for NOx removal?
A: Ozone cools the flue gas to improve scrubbing efficiency
B: Ozone increases the temperature to accelerate chemical reactions
C: Ozone neutralizes acidic gases by direct absorption
D: Ozone reacts with NOx to form higher oxides that are easily removed


13. Which of the following statements accurately describe important aspects of the selective catalytic reduction (SCR) process for NOx removal?
A: The SCR process uses ammonia as a reducing agent to convert NOx into nitrogen and water.
B: Vanadia supported on tungsta-titania is a typical catalyst for the SCR process.
C: Urea solution has been introduced as an alternative reducing agent to ammonia in some SCR applications.
D: The SCR process operates effectively at temperatures below 100 degrees Celsius.

14. Which of the following statements accurately describe important aspects of standard V2O5/WO3-TiO2 SCR catalysts?
A: Anatase TiO2 is preferred as a support due to its high surface area.
B: WO3 acts as a promoter by increasing catalyst stability and preventing rutilization.
C: Excess V2O5 can lead to the formation of unselective V2O5 crystals.
D: Rutile TiO2 is the preferred support because of its low surface area.

15. Which of the following compounds can be produced from oxidation of ammonia as a side reaction in the SCR process?
A: Hydrazine (H2NNH2)
B: Nitrous oxide (N2O)
C: Nitric oxide (NO)
D: Nitrogen gas (N2)
16. Which of the following conditions contribute to improved DeNOx conversion in VWT catalysts?
A: Higher operating temperatures
B: Increased cell density of the monolith
C: Low GHSV (Gas Hourly Space Velocity)
D: Reduced vanadium content

17. Which of the following compounds are formed as side products during sulfur-related reactions in the SCR process?
A: Ammonium bisulfate (NH4HSO4)
B: Ammonium sulfate ((NH4)2SO4)
C: Sulfur trioxide (SO3)
D: Tungsten sulfate (WSO4)

18. Which of the following statements accurately describe key aspects of mercury emission and control in industrial processes?
A: Coal-fired power plants and waste incinerators are major sources of atmospheric mercury emissions.
B: Catalysts are used to oxidize mercury to a more water-soluble form that can be removed in scrubbers.
C: Elemental mercury can be easily directly removed from flue gases in scrubbers
D: Hg2+ is highly water soluble and can be removed in scrubbers.

19. Which statement best describes the effect of increasing V2O5 content in V2O5/WO3-TiO2 catalysts on mercury oxidation activity?
A: It decreases the mercury oxidation activity
B: It has no effect on mercury oxidation activity
C: It increases the mercury oxidation activity
D: It only affects the oxidation of other metals

20. What is the effect of NH3 on mercury oxidation in the SCR process?
A: It promotes mercury oxidation throughout the reactor
B: It has no influence on mercury oxidation
C: It enhances mercury oxidation at the reactor inlet
D: It inhibits mercury oxidation until most NH3 is consumed

21. Which of the following statements accurately describe key aspects of ammonium nitrate production and its environmental impact?
A: Ammonium nitrate is produced from nitric acid and ammonia in industrial processes.
B: Nitric acid is produced by directly combining nitrogen gas and hydrogen gas.
C: The Ostwald process involves the oxidation of ammonia to produce nitric acid.
D: Nitrous oxide (N2O) is generated as a side product during the production of nitric acid.

22. Which of the following reactions are involved in the removal of both NOx and N2O with NH3 when using Fe-zeolite based catalysts?
A: 4 NH3 + 4 NO + O2 → 4 N2 + 6 H2O
B: 2 NH3 + 3 N2O → 4 N2 + 3 H2O
C: N2O + NO → N2 + NO2
D: NOx + N2O → N3O2

23. Which of the following statements accurately describe oxidation catalysts used for CO and VOC treatment?
A: Standard oxidation catalysts are suitable for lean-burning gas engines.
B: Platinum and platinum-palladium are common active components in oxidation catalysts.
C: The light-off temperature for CO oxidation in fresh catalysts is typically between 130 and 200°C.
D: Methane oxidation requires a higher light-off temperature than CO or VOC oxidation.





Correct answers and background feedback
1. Which type of air pollutant is considered to pose the greatest health risk according to the World Health Organization?
A: Ozone and nitrogen dioxide
B: Fine particles PM2.5 and PM10
C: Carbon monoxide and methane
D: Sulfur dioxide and lead compounds
Correct Answer(s)
B
General Feedback
Fine particles PM2.5 and PM10 are the most dangerous air pollutants for human health because they can penetrate deep into the respiratory system and even enter the bloodstream, increasing the risk of cardiovascular and respiratory diseases.

2. In emission control, what does the unit 'ppm' most commonly represent?
A: Parts per million by mass
B: Parts per million by number
C: Parts per million by volume
D: Parts per million by partial pressure

Correct Answer(s)

C

General Feedback

In emission control, 'ppm' stands for parts per million by volume (vppm), which is the standard way to express gas concentrations in air or emissions. This helps ensure consistency in reporting and comparing measurements.

3. Given an exhaust gas flow rate of 20000 m3/h at standard temperature and pressure (STP) and a catalytic converter volume of 4 m3, calculate the gas hourly space velocity (GHSV).

Solution:
GHSV [1/h] = Flow [m3/h] / Volume [m3]
GHSV = 20000 m3/h / 4 m3
GHSV = 5000 h-1
4. Which of the following abbreviations are correctly matched with their meanings in the context of emission control?
A: CO: Carbon monoxide
B: VOC: Volatile organic compounds
C: PM: Particulate Matter
D: NOx: Nitrous oxide
Correct Answer(s)
A, B, C
General Feedback
CO, VOC, and PM are all correctly matched with their meanings. NOx, however, refers to nitrogen oxides (NO and NO2), not nitrous oxide (N2O). Understanding these abbreviations is crucial for accurate communication in emission control.

5. Calculate the NOx concentration in mg/m3 for a flue gas containing 150 ppm NO, 250 ppm NO2, and 75 ppm N2O. Use the molar mass of NO2 for the calculation.
Solution:
- Identify the relevant NOx components: NO and NO2. N2O is not included in NOx calculations.
- Calculate the total NOx in ppm: 150 ppm NO + 250 ppm NO2 = 400 ppm NOx
- Convert ppm to volume in liters: VNOx = 400 x 10-6 x 1 m3 = 0.4 L
- Use the ideal gas law to find moles: nNOx = 0.4 L / 22.41 L/mol = 17.85 mmol
- Calculate the concentration in mg/m3 using the molar mass of NO2 (46.0055 g/mol): c(NOx) = 17.85 mmol/m3 x 46.0055 g/mol = 821 mg/m3 NOx.

6. Which process(es) is/are used by charcoal filters to capture pollutants from the air?
A: Absorption
B: Oxidation
C: Catalytic conversion
D: Adsorption
Correct Answer(s)
D
General Feedback
Adsorption is a process where pollutants are trapped on the surface of materials such as charcoal filters, making it a common method for air purification. Other methods like absorption, catalytic conversion, and oxidation use different mechanisms to treat gaseous emissions.
7. What is the main reason larger particles are separated from the airstream in a cyclone separator?
A: They have too much inertia to follow the curved airflow
B: They are attracted by a magnetic field inside the cyclone
C: They dissolve in the air as they rotate
D: They are pushed upward by the central air stream
Correct Answer(s)
A
General Feedback
Cyclone separators use centrifugal force to separate particles based on their inertia. Larger particles cannot follow the tight curves of the rotating airflow and are thus forced to the outer wall, where they are collected.

8. What is the main function of the collection plates in a plate-type electrostatic precipitator?
A: To generate a high voltage for the discharge electrodes
B: To provide a path for contaminated gases to bypass the system
C: To collect charged particles from the air stream
D: To produce ozone for air purification
Correct Answer(s)
C
General Feedback
The collection plates in a plate-type electrostatic precipitator serve to attract and collect charged particles from the air stream, ensuring effective removal of contaminants.

9. Which of the following substances and processes are involved in the removal of sulfur dioxide (SO2) from industrial gases?
A: Using calcium carbonate to react with sulfur dioxide in a wet scrubber
B: Applying magnesium hydroxide as a more reactive alternative in absorption
C: Oxidizing calcium sulfite to produce gypsum in the presence of oxygen and water
D: Using sodium chloride in a dry scrubbing process for SO2 removal
Correct Answer(s)
A, B, C
General Feedback
The removal of SO2 from industrial gases commonly involves alkaline substances such as calcium carbonate, calcium hydroxide, or magnesium hydroxide. Wet scrubbers use these to react with SO2, and the resulting calcium sulfite can be further oxidized to gypsum. Sodium chloride is not typically used in these processes.

10. Which of the following statements accurately describe the Selective Non-Catalytic Reduction (SNCR) process for NOx reduction?
A: The SNCR process is performed at temperatures below 500°C for optimal results.
B: The optimal temperature for the SNCR process is around 900°C.
C: The SNCR process can typically achieve a NOx reduction potential of about 75%.
D: Ammonia or urea solution is injected as a reducing agent in the process.
Correct Answer(s)
B, C, D
General Feedback
The SNCR process uses ammonia or urea as a reducing agent for a gas phase reaction with NOx to nitrogen, operates optimally around 900°C, and typically achieves about 75% NOx reduction. Lower temperatures are not suitable for this process.

11. Which process reaches its highest effectiveness around 950°C in the SNCR temperature window?
A: Ammonia oxidation
B: NOx reduction
C: NO formation
D: Ammonia emission
Correct Answer(s)
B
General Feedback
The SNCR process is most effective for NOx reduction around 950°C, where ammonia reacts optimally to reduce nitrogen oxides. At higher temperatures, ammonia oxidation and NO formation become more significant.

12. What is the main function of ozone in the Linde LOTOX low-temperature oxidation process for NOx removal?
A: Ozone cools the flue gas to improve scrubbing efficiency
B: Ozone increases the temperature to accelerate chemical reactions
C: Ozone neutralizes acidic gases by direct absorption
D: Ozone reacts with NOx to form higher oxides that are easily removed

Correct Answer(s)
D
General Feedback
The Linde LOTOX process uses ozone to oxidize NOx into higher oxides, such as N2O5, which are more soluble and can be efficiently removed by scrubbing. This approach overcomes the limitations of traditional NOx removal methods at low temperatures.

13. Which of the following statements accurately describe important aspects of the selective catalytic reduction (SCR) process for NOx removal?
A: The SCR process uses ammonia as a reducing agent to convert NOx into nitrogen and water.
B: Vanadia supported on tungsta-titania is a typical catalyst for the SCR process.
C: Urea solution has been introduced as an alternative reducing agent to ammonia in some SCR applications.
D: The SCR process operates effectively at temperatures below 100 degrees Celsius.
Correct Answer(s)
A, B, C
General Feedback
The SCR process is a key technology for reducing NOx emissions, using ammonia or urea as reducing agents and specific catalysts like V2O5/WO3-TiO2 at elevated temperatures. Understanding these aspects is essential for effective emission control.

14. Which of the following statements accurately describe important aspects of standard V2O5/WO3-TiO2 SCR catalysts?
A: Anatase TiO2 is preferred as a support due to its high surface area.
B: WO3 acts as a promoter by increasing catalyst stability and preventing rutilization.
C: Excess V2O5 can lead to the formation of unselective V2O5 crystals.
D: Rutile TiO2 is the preferred support because of its low surface area.
Correct Answer(s)
A, B, C
General Feedback
Standard SCR catalysts use anatase TiO2 as a support for its high surface area, WO3 as a promoter to enhance stability and prevent rutilization, and V2O5 as the active component. Excess V2O5 can reduce selectivity by forming unselective crystals.

15. Which of the following compounds can be produced from oxidation of ammonia as a side reaction in the SCR process?
A: Hydrazine (H2NNH2)
B: Nitrous oxide (N2O)
C: Nitric oxide (NO)
D: Nitrogen gas (N2)
Correct Answer(s)
B, C, D
General Feedback
The oxidation of ammonia in the SCR process can produce nitrogen gas (N2), nitrous oxide (N2O), and nitric oxide (NO), depending on the reaction conditions.

16. Which of the following conditions contribute to improved DeNOx conversion in VWT catalysts?
A: Higher operating temperatures
B: Increased cell density of the monolith
C: Low GHSV (Gas Hourly Space Velocity)
D: Reduced vanadium content
Correct Answer(s)
A, B, C
General Feedback
Improved DeNOx conversion in VWT catalysts is achieved by increasing temperature, increasing cell density, operating at low GHSV and higher vanadium content.

17. Which of the following compounds are formed as side products during sulfur-related reactions in the SCR process?
A: Ammonium bisulfate (NH4HSO4)
B: Ammonium sulfate ((NH4)2SO4)
C: Sulfur trioxide (SO3)
D: Tungsten sulfate (WSO4)
Correct Answer(s)
A, B, C
General Feedback
The main side products of sulfur-related reactions in the SCR process are ammonium bisulfate, ammonium sulfate, and sulfur trioxide. These compounds can affect catalyst performance and require careful management.

18. Which of the following statements accurately describe key aspects of mercury emission and control in industrial processes?
A: Coal-fired power plants and waste incinerators are major sources of atmospheric mercury emissions.
B: Catalysts are used to oxidize mercury to a more water-soluble form that can be removed in scrubbers.
C: Elemental mercury can be easily directly removed from flue gases in scrubbers
D: Hg2+ is highly water soluble and can be removed in scrubbers.
Correct Answer(s)
A, B, D
General Feedback
Mercury emission control in industrial processes involves identifying major sources, using catalysts to oxidize mercury, and removing the oxidized form in scrubbers. Elemental mercury must be chemically transformed before effective removal.

19. Which statement best describes the effect of increasing V2O5 content in V2O5/WO3-TiO2 catalysts on mercury oxidation activity?
A: It decreases the mercury oxidation activity
B: It has no effect on mercury oxidation activity
C: It increases the mercury oxidation activity
D: It only affects the oxidation of other metals
Correct Answer(s)
C
General Feedback
V2O5 is a crucial component in V2O5/WO3-TiO2 catalysts, and increasing its content boosts the catalyst’s ability to oxidize mercury.

20. What is the effect of NH3 on mercury oxidation in the SCR process?
A: It promotes mercury oxidation throughout the reactor
B: It has no influence on mercury oxidation
C: It enhances mercury oxidation at the reactor inlet
D: It inhibits mercury oxidation until most NH3 is consumed
Correct Answer(s)
D
General Feedback
NH3 acts as an inhibitor for mercury oxidation in the SCR process, so the highest oxidation activity is observed after NH3 is largely consumed.

21. Which of the following statements accurately describe key aspects of ammonium nitrate production and its environmental impact?
A: Ammonium nitrate is produced from nitric acid and ammonia in industrial processes.
B: Nitric acid is produced by directly combining nitrogen gas and hydrogen gas.
C: The Ostwald process involves the oxidation of ammonia to produce nitric acid.
D: Nitrous oxide (N2O) is generated as a side product during the production of nitric acid.
Correct Answer(s)
A, C, D
General Feedback
Ammonium nitrate production relies on the Ostwald process, which oxidizes ammonia to produce nitric acid. This process also generates nitrous oxide (N2O), a potent greenhouse gas, as a side product.

22. Which of the following reactions are involved in the removal of both NOx and N2O with NH3 when using Fe-zeolite based catalysts?
A: 4 NH3 + 4 NO + O2 → 4 N2 + 6 H2O
B: 2 NH3 + 3 N2O → 4 N2 + 3 H2O
C: N2O + NO → N2 + NO2
D: NOx + N2O → N3O2
Correct Answer(s)
A, B, C
General Feedback
The removal of NOx and N2O using Fe-zeolite catalysts involves several key reactions, including NO-SCR, N2O-SCR, and reactions where NOx and N2O interact. Understanding these helps in designing effective emission control systems.

23. Which of the following statements accurately describe oxidation catalysts used for CO and VOC treatment?
A: Standard oxidation catalysts are suitable for lean-burning gas engines.
B: Platinum and platinum-palladium are common active components in oxidation catalysts.
C: The light-off temperature for CO oxidation in fresh catalysts is typically between 130 and 200°C.
D: Methane oxidation requires a higher light-off temperature than CO or VOC oxidation.
Correct Answer(s)
B, C, D
General Feedback
Oxidation catalysts for CO and VOC treatment commonly use platinum or platinum-palladium as active components. They are effective at relatively low temperatures for CO and VOCs, but methane requires much higher temperatures. Standard oxidation catalysts are not effective for lean-burning gas engines.
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