
Methane from CO2 and Thermal Energy

Errors?  Omissions?



EngrD 2190 – Lecture 5

Concept:  Process Design – Chemical Reaction Cycles, continued
• Dealing with solid reactants and solid products
• Using a reactant in excess.

Context:  Producing CH4 from CO2 and thermal energy, continued
(exercise 2.30 – solution is posted)

Defining Questions:  
How to handle solids in a chemical process?
Why does an excess reactant deplete the other reactant(s)?

(Optional) Read Exercises 2.36 and 3.126 for Lecture 6.



EngrD 2190 – Lecture 5

Homework 1 due today at noon.
Write team code and names of all contributing team members

on all solutions.
Indicate this week’s Team Coordinator.

Submit after lecture or deliver to EngrD 2190 mailbox
in a beige cabinet in the hallway outside of 116 Olin Hall, in
the South entryway to Olin Hall.

Do not deliver to my mailbox in 116 Olin (ChemE Business Office).



Homework 2
Homework 2 – due Friday 9/12

Problem Redefinition:  2.43, 2.46, and 2.52.
Read preamble on pp. 80-81.
Submit all three problem redefinition exercises on a single page.

Process Design:  2.23 and 2.33.
Append ‘take-away’ lists for design exercises 2.23 and 2.33.

Submit one solution per homework team.

Homework is your chief means of assessing your command of the material.

Do not copy from other sources, such as graded homework and posted
solutions from previous years. 

Do not use past solutions to check your answers. Process analysis is part
of the assignment. You should be developing methods of assessing your 
answers. 



Peer Evaluations

Do not submit until
after Homework 4



Peer Evaluations

Dilbert, Scott Adams, March 2, 1993.

A payroll is finite.  If one worker gets more, others get less.

The number of A’s is infinite.  Everyone that earns an A gets an A.
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Errors?  Omissions?

Reactor 3 consumes Cl2.  Why no Cl2 input to the process?  Some Cl2 is lost in the purge on Cl2 stream.  Why no Cl2 make-up input?  The H2 stream has a purge.  Does the process need a H2 make-up input?  Why a purge on the Cl2 stream?  Why purge pure Cl2? Why do we need a FeCl3 make-up input?

Cl2 is an intermediate.  Cl2 is created in reactor 4.Although Cl atoms leave in the Cl2 purge, Cl make-up is provided by the 
FeCl3 make-up stream.

No.  H atoms lost in the H2 purge are replenished by extra H2O.If the stream is pure Cl2, no purge is necessary.  But there are always
impurities, there are always reaction by-products. “It’s always something.”
Draw borders around the entire process. Fe atoms leave in the FeCl2 purge.

Eventually there would be no Fe in the process. 



Engineering Details:  Transporting Solids

Consider reaction 1.

gas
solid

Problem:  Devise a means to transport a mixture of solids and gases
into, through, and out of a reactor.

Input must be an exact ratio of 3 mols H2O to 2 mols FeCl2.

Real Problem:  Convert H2O to H2, convert solid FeCl2 to solid Fe2O3.

Bring solids to the reaction? No. Bring the reaction to the solids.



Consider the progression of reaction 1.

Initially …

FeCl2

granular solid FeCl2 in a tubular reactor
H2O (gas)

Initially, reaction 1
occurs at inlet

Later …

FeCl2 Fe2O3

reaction front moves left

H2O (gas)
H2
HCl

Eventually reactant gases are detected in the reactor effluent.

H2O (gas)H2O (gas)
Fe2O3

Change the reactor input to conduct reaction 3.

FeCl3 Fe2O3

H2O (gas)
O2

Cl2
HCl

reaction front moves right

3H2O  +  2FeCl2  Fe2O3 +  4HCl  +  H2

2Fe2O3 +  2Cl2 +  8HCl   4FeCl3 +  4H2O  +  O2



A moving reaction front allows for a lower reaction temperature
and a lower conversion.

Analogy:  Consider a hiking trail littered with trash. litter

Worker collects 100% of litter encountered
Later …

Consider a series of workers.
Each collects 50% of litter encountered.

Later …

Worker 4

Imagine 1023 workers.

Worker 3 Worker 2

Worker 1



Consider the progression of reaction 1.

Initially …

FeCl2

granular solid FeCl2 in a tubular reactor
H2O (gas)

Initially, reaction 1
occurs at inlet

Later …

FeCl2 Fe2O3

reaction front moves left

H2O (gas)
H2
HCl

3H2O  +  2FeCl2  Fe2O3 +  4HCl  +  H2



Strategies for reactions with <100% conversion
Excess reactants

A
B Reactor

2A + B  Z
800ºC

A
B
Z

b.p. 
150ºC
110ºC
109ºC gas-liquid

separator
130ºC

A

B
Z gas-liquid

separator
109.5ºC

B

Z

Difficult separation.
How to avoid?

No B in reactor effluent

Strategy:  Use excess reactant A to deplete co-reactant B in reactor effluent.

In general
)reactants(
)products(/  RTGe at equilibrium

In this case, at 800ºC 1
B

2
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1
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a


stoichiometric coefficient

a = chemical activity
~90% conversion for liquids and solids, a  1

for gases, a  (partial pressure)/(1 bar)
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2A + B  Z
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e RTG
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

assume PZ = 1 bar  1 atm

B
2

A

110
PP

 effluentreactor in 1.0B
2

A  PP

Example:  set PA = 10 atm in reactor effluent. 1.010 B
2  P

atm001.0B P

A (12)
B (1) Reactor

2A + B  Z
800ºC

A (10)
B (0.001)
Z (1)

negligible? If not, increase
A in input


