[bookmark: _xg8dv6ymaelq]Station 1: Le Chatelier's Principle Challenge
Part A: Contact Process Analysis: You are a chemical engineer optimizing the Contact Process for sulfuric acid production. 
2SO₂(g) + O₂(g) ⇌ 2SO₃(g)
Scenario 1: Your plant currently operates at 450°C and 2 atm pressure. The board of directors wants to increase profits by changing operating conditions.
1. Pressure Analysis:

· Predict what happens if pressure is increased to 10 atm
· Explain your prediction using Le Chatelier's Principle
2. Temperature Decision:

· The reaction is exothermic (ΔH = -197 kJ mol⁻¹)
· Predict the effect of decreasing temperature to 350°C on yield
· Predict the effect on reaction rate
· What temperature compromise would you recommend?
Part B: Methanol Synthesis Challenge: Your company is switching to methanol production.
CO(g) + 2H₂(g) ⇌ CH₃OH(g)
3. Triple Threat Analysis:
· If you simultaneously increase pressure, decrease temperature, and remove methanol as it forms, predict the effect on equilibrium position.
· Rank these changes from most effective to least effective for increasing methanol yield.
· Justify your ranking.
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[bookmark: _5sb4jmnvscki]Station 2: Equilibrium Calculations Laboratory
Part A: Contact Process Equilibrium: At 500°C, an equilibrium mixture in the Contact Process contains:
2SO₂(g) + O₂(g) ⇌ 2SO₃(g)
· [SO₂] = 0.300 mol dm⁻³
· [O₂] = 0.150 mol dm⁻³
· [SO₃] = 1.200 mol dm⁻³
1. Calculate Kc for the Contact Process at 500°C
2. Verify your answer by checking units (what should they be?)
Challenge Calculation: 3. A new reactor starts with [SO₂] = 0.500 mol dm⁻³, [O₂] = 0.250 mol dm⁻³, and [SO₃] = 0.100 mol dm⁻³
· Calculate the reaction quotient (Qc)
· Compare Qc to your calculated Kc
· Predict the direction of reaction
Part B: Methanol Synthesis Data Analysis: You have data from three different methanol production plants operating at different temperatures:
CO(g) + 2H₂(g) ⇌ CH₃OH(g)
	Temperature
	Kc Value

	500 K
	14.5 mol⁻² dm⁶

	550 K
	6.25 mol⁻² dm⁶

	600 K
	2.94 mol⁻² dm⁶


4. Plot Kc vs Temperature and describe the relationship
5. Connect to thermodynamics: Explain why Kc decreases with increasing temperature for this reaction
6. Industrial implications: Which temperature gives the best equilibrium yield? Why don't factories use this temperature?
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[bookmark: _52lzmelmybx8]Station 3: Industrial Optimization Challenge
Part A: Contact Process Economics 
You're consulting for a sulfuric acid plant. Current conditions:
2SO₂(g) + O₂(g) ⇌ 2SO₃(g)
                                              SO₃(g) + H₂O(l) → H₂SO₄(aq) 
· Temperature: 450°C (catalyst: V₂O₅)
· Pressure: 1-2 atm
· Conversion rate: 98% per pass

Optimization Scenarios:
1. The Pressure Dilemma:
· Le Chatelier's Principle suggests higher pressure increases yield
· However, plants use only 1-2 atm. Research the industrial data provided and explain why
2. Catalyst Investigation:
· Why is vanadium pentoxide (V₂O₅) used instead of cheaper alternatives?
· How does the catalyst affect the equilibrium vs. the reaction rate?
3. Multi-stage Process:
· The Contact Process uses multiple reaction stages. Using equilibrium principles, explain why this is more efficient than a single large reactor
Part B: Methanol Plant Design:
Design decisions for a new methanol plant:
CO(g) + 2H₂(g) ⇌ CH₃OH(g)
· Current industrial conditions: 250°C, 50-100 atm, copper-zinc catalyst

4. Pressure Economics:
· Why do methanol plants use such high pressure when the Contact Process uses low pressure?
· Calculate the cost-benefit: High pressure equipment costs $2M extra but increases yield by 15%. Annual revenue increase = $800K. Is this worthwhile?
5. Temperature Optimization:
· Your data shows maximum yield at 200°C, but plants use 250°C
· Use the rate vs. yield concept to explain this compromise
6. Catalyst Considerations:
· Research shows a new catalyst works at 150°C. What equilibrium advantages would this provide?
· What practical challenges might arise?
[bookmark: _cq3nwk4tzrwy]Station 4: Environmental and Social Impact Analysis
Part A: Sulfuric Acid's Global Role 
Sulfuric acid is the world's most produced chemical (~200 million tons annually).
2SO₂(g) + O₂(g) ⇌ 2SO₃(g)
           SO₃(g) + H₂O(l) → H₂SO₄(aq) 
1. Applications Research:
· List 4 major uses of sulfuric acid.
· Explain why sulfuric acid's properties make it suitable for each use listed. 
2. Environmental Challenge:
· SO₂ emissions from Contact Process plants cause acid rain.
· Modern plants achieve 99.5% conversion. Using Le Chatelier's Principle, explain how removing SO₂ from emissions affects equilibrium and its implication on acid rain production.
3. Sustainability Analysis:
· Research shows newer plants use "double absorption" - SO₃ is removed and converted to H₂SO₄, then remaining gases are processed again
· Explain how this relates to continuous removal of products and equilibrium shifts
Part B: Methanol and the Future 
Methanol is increasingly important as a fuel and chemical feedstock.
CO(g) + 2H₂(g) ⇌ CH₃OH(g)
4. Carbon Cycle Connection:
· Modern methanol synthesis uses CO from various sources
· How could using CO₂ (from carbon capture) instead of CO affect the equilibrium? Consider: CO₂(g) + 3H₂(g) ⇌ CH₃OH(g) + H₂O(g)
5. Green Hydrogen Impact:
· "Green hydrogen" from renewable energy could replace fossil-fuel-derived H₂
· How would this change the overall sustainability without affecting the equilibrium chemistry?
6. Methanol Economy Concept:
· Research the "methanol economy" concept proposed by George Olah
· How do equilibrium principles support or challenge the feasibility of methanol as a primary fuel?
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[bookmark: _ikpnayat1nb]Station 5: Real-World Problem Solving
Part A: Contact Process Troubleshooting 
Crisis Scenario: You're the chief chemist at a sulfuric acid plant. Production has dropped by 30% over the past week.
2SO₂(g) + O₂(g) ⇌ 2SO₃(g)
      				  SO₃(g) + H₂O(l) → H₂SO₄(aq) 
Available Data:
· Reactor temperature: Normal (450°C)
· Reactor pressure: Normal (1.8 atm)
· Feed gas composition: SO₂ reduced by 40%
· Catalyst bed: 6 months since replacement (normal replacement: 4-5 years)
1. Root Cause Analysis:
· Which factor is most likely causing the production drop?
· Use equilibrium principles to explain how reduced SO₂ concentration affects the reaction
2. Solution Strategies:
· Propose 3 immediate actions to restore production
· For each action, explain the equilibrium principle involved
3. Quality Control:
· If you increase SO₂ feed concentration by 50% above normal, predict the effects on:
· Equilibrium position
· Product purity
· Unreacted gas recycling needs
Part B: Methanol Plant Innovation
Innovation Challenge: Your company wants to build a "micro-methanol" plant for remote locations.
Constraints:
· Must be 1/10th the size of traditional plants
· Cannot use high pressure (max 10 atm vs. normal 50-100 atm)
· Must achieve 80% of normal efficiency
4. Equilibrium Engineering:
· How does reducing pressure from 50 atm to 10 atm affect methanol yield?
· Calculate the pressure effect: If Kp at 50 atm gives 90% conversion, estimate conversion at 10 atm
5. Compensation Strategies:
· What changes in temperature, catalyst, or process design could compensate for lower pressure?
· Design a multi-stage process using equilibrium principles

