Quiz questions for course ChE-410: Catalysis for Emission Control and Energy Production
Lesson 1: Catalyst preparation methods
1. Which of the following are examples of supported catalysts?
A: Ni/Al2O3 and Cu-ZnO/Al2O3
B: Pt nanoparticles
C: Ni/MgO and Ni/Al2O3
D: Cu particles
Correct Answer(s)
A, C
General Feedback
Supported catalysts are characterized by an active phase distributed on a support material, such as Ni/Al2O3, Ni/MgO, and Cu-ZnO/Al2O3. Unsupported or bulk catalysts, like Pt nanoparticles and elemental images of Cu or Pd, consist only of the active phase. To classify them, look for the presence of a support in the catalyst's name or description.

2. Which of the following statements correctly describe the roles of the support and the promoter in a heterogeneous catalyst?
A: The support provides mechanical stability and helps disperse the active phase.
B: The promoter enhances properties such as activity, selectivity, and catalyst life.
C: The support acts as the main site where the chemical reaction occurs.
D: The promoter serves as the primary carrier for the active phase.
Correct Answer(s)
A, B
General Feedback
The support in a heterogeneous catalyst provides stability and helps disperse the active phase, while the promoter is used to enhance properties like activity and selectivity. Understanding these distinctions is key to classifying catalyst components.

3. Which of the following statements describe properties or effects that are directly associated with catalyst supports?
A: Supports increase the electron density of the entire catalyst system.
B: Supports provide a large surface area for active sites.
C: Supports can stabilize metal particles against sintering.

D: Supports reduce the amount of expensive precious metals needed.
Correct Answer(s)
B, C, D
General Feedback
Catalyst supports play several important roles, including providing a large surface area for active sites, stabilizing metal particles, and reducing the amount of precious metals needed. While supports can influence properties like electron density at specific sites, their main functions are related to surface area, stability, and cost efficiency.

4. Which of the following statements correctly describe the relationship between metal cluster size, fraction of surface atoms, and surface free energy?
A: As the size of a metal cluster increases, the fraction of surface atoms and the surface free energy both increase.
B: As the size of a metal cluster decreases, the fraction of surface atoms increases and the surface free energy rises.
C: Specific activity decreases as the size of metal clusters decreases from bulk to single-atom levels.
D: Supported metal particles have lower surface free energy than free metal particles of the same size.
Correct Answer(s)
B, D
General Feedback
Remember, as metal clusters become smaller, the fraction of surface atoms increases, leading to higher surface free energy. Supporting particles lowers their surface free energy compared to free particles. Specific activity increases as cluster size decreases.

5. Which of the following characteristics are important requirements for a material to be used as a catalyst support?
A: High surface area with a range of pore sizes
B: Mechanical strength and resistance to attrition
C: Chemical and thermal stability under reaction conditions
D: Low electrical conductivity and transparency to light
Correct Answer(s)
A, B, C
General Feedback
The main requirements for catalyst supports include high surface area with various pore sizes, mechanical strength, resistance to attrition, and chemical and thermal stability. Electrical conductivity and transparency are not standard requirements.

6. Which of the following materials are commonly used as catalyst supports in heterogeneous catalysis?
A: Calcium carbonate (CaCO3)
B: Aluminum oxide (Al2O3)
C: Silicon dioxide (SiO2)
D: Titanium dioxide (TiO2)
Correct Answer(s)
B, C, D
General Feedback
The most common catalyst supports in heterogeneous catalysis include aluminum oxide (Al2O3), silicon dioxide (SiO2), titanium dioxide (TiO2), and zeolites. These materials are chosen for their stability, surface area, and chemical properties.

7. Which of the following carbon allotropes are correctly matched with their dimensional classification?
A: Graphene as a two-dimensional (2D) structure
B: Fullerenes as zero-dimensional (0D) structures
C: Carbon nanotubes as three-dimensional (3D) structures
D: Diamond as a three-dimensional (3D) structure
Correct Answer(s)
A, B, D
General Feedback
Remember to classify carbon allotropes based on how their atoms are arranged in space: 0D for finite molecules like fullerenes, 1D for structures with one extended dimension like nanotubes, 2D for single layers like graphene, and 3D for networks like diamond.
8.  Which of the following are important characteristics of zeolites that contribute to their effectiveness in heterogeneous catalysis?
A: Microporous crystalline structure with tunable pore sizes
B: Ability to adjust Brønsted and Lewis acidity by changing the Si/Al ratio
C: Introduction of redox active metal sites by ion-exchange
D: Exclusive presence of only hydrophobic properties regardless of composition
Correct Answer(s)
A, B, C
General Feedback
Zeolites are effective in heterogeneous catalysis due to their microporous crystalline structure, tunable acidity via the Si/Al ratio, and the ability to introduce redox active metal sites. Their hydrophilic or hydrophobic nature depends on the Si/Al ratio.

9. Based on the description and diagrams, which statement best summarizes a key structural feature of ZSM-5 zeolite?
A: ZSM-5 consists of isolated silicon and aluminum atoms without a repeating pattern.
B: ZSM-5 features a three-dimensional network of tetrahedral units forming interconnected pores.
C: ZSM-5 is made up of flat layers of silicon and oxygen atoms stacked in two dimensions.
D: ZSM-5 contains only silicon and oxygen atoms in its framework, without any aluminum.
Correct Answer(s)
B
General Feedback
ZSM-5 zeolite is known for its three-dimensional network of tetrahedral units (SiO4 and AlO4) that form interconnected pores, which are crucial for its unique properties and applications.

10. Which of the following are essential components or steps in the hydrothermal synthesis of zeolites as described in the process?
A: Addition of TPA+ as a structure-directing template
B: Direct use of zeolite crystals without removing the template
C: Use of NaOH to provide a basic environment
D: Aging the mixture under controlled temperature and pressure
Correct Answer(s)
A, C, D
General Feedback
The essential steps in hydrothermal zeolite synthesis include adding a template like TPA+, using NaOH to create a basic environment, and aging the mixture under controlled conditions. The template must be removed before the zeolite is ready for use.

11. Which of the following statements describe advantages of zeolites?
A: Zeolites have strong Brønsted acid sites, which are active sites in catalysis.
B: Zeolites exhibit shape selectivity for reactants or products.
C: Zeolites experience slow diffusion of molecules in their micropores.
D: Zeolites are susceptible to poisoning and clogging due to their pore size.
Correct Answer(s)
A, B
General Feedback
Advantages of zeolites include strong Brønsted acid sites and shape selectivity, which determine their catalytic and ion-exchange properties. Limitations include slow diffusion in micropores and susceptibility to poisoning and clogging.

12. Which option correctly outlines the sequence of steps for synthesizing ordered macroporous model supports?
A: Formation of crystal-template, synthesis of PMMA spheres, infiltration of precursor, removal of template
B: Synthesis of PMMA spheres, formation of crystal-template, infiltration of precursor, removal of template
C: Infiltration of precursor, removal of template, synthesis of PMMA spheres, formation of crystal-template
D: Removal of template, synthesis of PMMA spheres, infiltration of precursor, formation of crystal-template
Correct Answer(s)
B
General Feedback
The synthesis of ordered macroporous model supports follows a specific sequence: first, PMMA spheres are synthesized to serve as a template, then these spheres are arranged into a crystal-template. Next, the precursor solution is infiltrated, and finally, the template is removed to reveal the porous structure.

13. Which of the following statements correctly describe the processes and properties involved in transforming a precursor solution into aerogels and xerogels?
A: Supercritical drying of the gel leads to the formation of an aerogel with very low density.
B: Evaporative drying of the gel results in a xerogel, which typically has a denser structure than an aerogel.
C: Thermal treatment of an aerogel can convert it into a metal oxide aerogel.
D: Hydrolysis and condensation of the precursor solution directly produce a xerogel without forming a sol or gel.
Correct Answer(s)
A, B, C
General Feedback
Aerogels and xerogels are both formed from precursor solutions through a series of steps: hydrolysis, condensation, gelation, and drying. The type of drying determines whether an aerogel or xerogel is produced, and further thermal treatment can yield metal oxide aerogels.

14. Which of the following statements correctly describe the procedures or characteristics of wet impregnation and incipient wetness impregnation methods?
A: In wet impregnation, the support is suspended in an excess of precursor solution and solvent is evaporated under stirring.
B: In incipient wetness impregnation, the volume of solution used matches the pore volume of the support, allowing the solution to be drawn into the pores by capillary action.
C: In wet impregnation, the solution is drawn into the pores by capillary suction and no solution remains outside the pores.
D: In incipient wetness impregnation, the support is suspended in a large excess of precursor solution and the solvent is evaporated under stirring.
Correct Answer(s)
A, B
General Feedback
Wet impregnation involves using an excess of precursor solution and evaporating the solvent, while incipient wetness impregnation uses a solution volume equal to the pore volume, with the solution drawn into the pores by capillary action.

15. Which of the following sequences correctly outlines the main steps in the precipitation method as described?
A: Mix solutions, filter, dry, nucleate, calcine
B: Mix base and acid, nucleate, grow particles, filter, dry, calcine
C: Filter, mix solutions, nucleate, dry, calcine
D: Mix base and acid, filter, nucleate, dry, calcine
Correct Answer(s)
B
General Feedback
The precipitation method involves mixing a base and an acidic solution, leading to nucleation and particle growth. The resulting suspension is then filtered, dried, and finally calcined to obtain the final product.

16. Which of the following processes are included in the co-precipitation synthesis of a well-dispersed Cu-ZnO catalyst as described?
A: Mixing copper acetate and zinc nitrate solutions
B: Adding basic ammonium carbonate to induce precipitation
C: Washing, drying, and calcining the precipitate
D: Directly heating copper and zinc metals without precipitation
Correct Answer(s)
A, B, C
General Feedback
The co-precipitation synthesis of a Cu-ZnO catalyst involves preparing and mixing copper and zinc salt solutions, adding a basic solution to induce precipitation, and then washing, drying, and calcining the resulting precipitate. Direct heating of metals is not part of this process.

17. Which of the following actions can be used to initiate the conversion of a highly soluble metal precursor into a less soluble substance that precipitates onto a support in the deposition-precipitation method?
A: Adding an oxidation agent
B: Adjusting the pH of the solution by adding a base
C: Reducing the solvated metal using a reducing agent
D: Removing stabilizing ligands from the metal complex
Correct Answer(s)
B, C, D
General Feedback
The deposition-precipitation method relies on converting a soluble metal precursor into a less soluble form that deposits onto a support. This can be achieved by adjusting the pH, reducing the metal, or removing stabilizing ligands. 

18. Which process of catalyst deactivation is best described by the removal of active sites from the catalyst due to dissolution into the surrounding medium?
A: Sintering, where surface area decreases due to particle growth
B: Leaching, where active components are dissolved and lost
C: Fouling, where pores are blocked by deposits
D: Attrition, where small particles are lost from the catalyst
Correct Answer(s)
B
General Feedback
Leaching is the process where active sites or components of a catalyst are removed by dissolving into the surrounding medium, which leads to a decrease in catalytic activity. This is different from other deactivation mechanisms such as sintering, fouling, or attrition.

19. Which of the following are important requirements for a heterogeneous catalyst used in industrial reactors?
A: High selectivity towards the desired product
B: Sufficient thermal stability against sintering or volatilization
C: Low mechanical strength to allow easy crushing
D: High activity per unit of volume in the reactor
Correct Answer(s)
A, B, D
General Feedback
The essential requirements for a heterogeneous catalyst include high selectivity, high activity per unit volume, and sufficient thermal stability. High mechanical strength is also important, while low mechanical strength is not desirable.
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