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Homework 
Review

Answer Keys Now on Learning Suite

Problem 7.2

7.2

HW Concern

• The TAs are grading leniently

• A 7 out of 10 on an assignment is failing
– Main concept not understood

PLEASE

• Rework the problems you missed using the 
answer key

• Ask the TAs and me for help
– We will disclose the answer

– We can help while you work the problem or as you 
rework the problem

– Best to learn the material BEFORE the exam
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Road Map

• Today & Friday – Multi-unit DOF

• Starting Monday – DOF with reactions

• Career Fair next Wednesday
– We will still hold class Wed & Fri

• 2 weeks from today – Review for Exam 1
– 3-hr closed-book take-home (must be continuous)

– One 8 ½ by 11 page of notes permitted (one-sided)

– Handed out Wed (Sept 28)

– Due Mon (Oct 3) --- Conference Weekend

Class 7

• Examples of multiple unit systems

• Procedure for solving multi-unit problems

• Mixers and splitters are units- require 
material balances

• Degree of Freedom analysis on multi-unit 
processes (non-reacting)

• Solution Strategy

• What if the strategy doesn’t work?
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Eastman Chemical Slides

Gasification at Eastman 
Chemical Company

ASME Turbo Expo 2005
Reno, NV

June 9, 2005

Bill Trapp, Operations Manager
Eastman Gasification Services Company
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Founded in 1920 as part of Eastman Kodak

Spun off from Kodak - January 1, 1994

Approximately $6 B in annual sales

> 400 products - chemicals, fibers and plastics

Headquarters - Kingsport, TN

Manufacturing sites around the world

Spare gasifier, 
scrubber, 

lockhopper

Hg
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Rectisol Absorber Columns

(for trace Hg removal from gas stream)

Methyl Acetate 
Plant

Methyl 
Acetate

CH3OH+ CH3COOH   CH3CO2CH3 (methyl acetate)

Acetic 
Anhydride

CO + CH3CO2CH3  (CH3CO)2O  (acetic anhydride)
Acetic 
Acid

Carbonylation 
Plant

CH3OH + CO   CH3COOH  (acetic acid)

Methanol
Plant

Methanol

CO + H2  CH3OH  (methanol)

Syn Gas (CO + H2)

Carbon Monoxide (CO)

Chemicals from Coal – The Chemistry

Primary Reactions:
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Acetic Anhydride
Acetic AcidCoal

Eastman Chemicals from Coal – The Big Picture

It’s likely you have a product in your home 
that is based on coal gasification

from Eastman’s facility!
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Coal Gasification Plant Chemical Plant
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Eastman's View of Gasification:

Good in the past, more in the future

Thank You!

Oil Refinery Flow Chart
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Alkylation

Reforming

Catalytic
Cracking

Hydro‐
processing

gases

light alkanes

<400C

naptha

400‐500C

gas oil

450‐550C

heavy oil

>550C

Petrochemicals

Gasoline

Diesel Fuel

Heating oil

Lubricants

Coke

C2 – C8

C5 – C9

C8 – C12

C10 – C16

C14 – C20

C

Crude
oil
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Needed:

Method for DOF of multiple units!

Perform the DOF Analysis for This 
System

Unit 1 Unit 2
Feed 1

Feed 2

Feed 3Product 1 Product 2

Product 3
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Step 1

Take a deep breath!

Step 2: Draw boxes around places where 
balances can be made (to do balances)

Unit 1 Unit 2
Feed 1

Feed 2

Feed 3Product 1 Product 2

Product 3

Mixer

Splitter
Overall System
Or Block

(These “dashed” boxes will be called subunits)
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Note: When doing the overall balance, only 
consider the in & out streams

Unit 1 Unit 2
Feed 1

Feed 2

Feed 3Product 1 Product 2

Product 3

Overall System
Or Block

(These “dashed” boxes will be called subunits)

Step 3. DOF analysis on each subunit

Subunit Unknowns # 
unknowns

# balance 
eqns.

# other 
relations

DOF

Unit 1

Splitter

Unit 2

Mixer

Overall

21

22



12

Step 4

Start finding desired unknown 
variables using boxes with 0 

DOF

Note on Splitters

• Only one independent material balance
can be written for a splitter because the 
compositions of the split streams are the 
same!

• Please remember this!
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Since xA,1 = xA,2 = xA,3, etc.,

m1 = m2 + m3

xA,1m1 = xA,1m2 + xA,1m3

xB,1m1 = xB,1m2 + xB,1m3

Splitter Example

m1

xA,1, xB,1

m2

xA,2, xB,2

m3

xA,3, xB,3

Balances:
m1 = m2 + m3

xA,1m1 = xA,2m2 + xA,3m3

xB,1m1 = xB,2m2 + xB,3m3

But… xA,1 = xA,2 = xA,3

xB,1 = xB,2 = xB,3

Not independent!!!!

Note on Splitters

• Only one independent material balance
can be written for a splitter because the 
compositions of the split streams are the 
same!

• Please remember this!

• Also, the split is hardly
ever 50:50
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Practice: Define the subunits for 
the process below, and label 

unknowns for Streams 1, 2, and 3.

50 kg A/hr
50 kg B/hr

36 kg A/hr
4 kg B/hr

9 kg A/hr
21 kg B/hr

18 kg A/hr
12 kg B/hr

1 2 3

One way to do this:

I chose to use mA1, mB1, etc….

50 kg A/hr
50 kg B/hr

36 kg A/hr
4 kg B/hr

9 kg A/hr
21 kg B/hr

18 kg A/hr
12 kg B/hr

1 2 3

mA1

mB1

mA2

mB2

mA3

mB3
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Now Do the DOF Analysis
Subunit Unknowns # 

unknowns
# balance 

eqns.
# other 

relations
DOF

Unit 1

Mixer

Unit 2

Overall

Now Do the DOF Analysis
Subunit Unknowns # 

unknowns
# balance 

eqns.
# other 

relations
DOF

Unit 1 mA,1,mB,1 2 2 -- 0

Mixer mA,1,mB,1,
mA,2,mB,2

4 2 -- 2

Unit 2 mA,2,mB,2

mA,3,mB,3

4 2 -- 2

Overall mA,3,mB,3 2 2 -- 0
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Solution Strategy
• Start with units that have DOF = 0
• Cross out unknowns on table as they are solved 

for
• Systematically work through all units
• You should never need to solve more than a 

couple of simultaneous equations at a time

Devise a solution strategy using the DOF table 
from the previous slide.

Strategy?
Subunit Unknowns # 

unknowns
# balance 

eqns.
# other 

relations
DOF

Unit 1 mA,1,mB,1 2 2 -- 0

Mixer mA,1,mB,1,
mA,2,mB,2

4 2 -- 2

Unit 2 mA,2,mB,2

mA,3,mB,3

4 2 -- 2

Overall mA,3,mB,3 2 2 -- 0

31

32



17

Try this one!

1. Identify subunits
2. Label unknowns
3. DOF Analysis
4. Outline strategy
5. Work problem

F=100 kg/h

50% H
50% P

O
5% H
95% P

D
5% H
95% P

R
5% H
95% P

B
96% H
4% P

Reflux ratio R/D=0.6

Try this one!

1. Identify subunits
2. Label unknowns
3. DOF Analysis
4. Outline strategy
5. Work problem

F=100 kg/h

50% H
50% P

O
5% H
95% P

D
5% H
95% P

R
5% H
95% P

B
96% H
4% P

Reflux ratio R/D=0.6
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DOF Analysis
Subunit Unknowns # 

unknowns
# balance 

eqns.
# other 

relations
DOF

Column

Splitter

Overall

DOF Analysis
Subunit Unknowns # 

unknowns
# balance 

eqns.
# other 

relations
DOF

Column O,R,B 3 2 0 1

Splitter O,R,D 3 1 1 1

Overall B,D 2 2 0 0
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Work on Board in Class

What if no unit has DOF = 0?

• Write down equations- sometimes you can solve 
for a portion of the unknowns even if you can’t 
solve for all of them for a given unit

• Check your other relations- sometimes a 
relationship associated with one unit can be 
used to permit the solution of another unit

• Consider grouping units.  For example, two units 
connected by a stream of unknown composition 
can sometimes be grouped together to permit 
solution
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Look at Upcoming 
Homework

8.1 and 8.2

Problem 8.1

• 3 subunits plus the overall system

• DOF then solve
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Problem 8.2

• 2 distillation columns in series

• Part (a)
– Make diagram

– DOF

– Outline solution procedure (no calculations)

• Part (b)
– Calculate only 2 variables (not all variables!!)

• % of feed benzene that makes it to overhead from 2nd column

• % of feed toluene that makes it to bottoms of 2nd column
(answer to this part is on the homework hints page)

Extra Practice
(Do DOF, Start Problem)
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DOF analysis on each subunit

Subunit Unknowns # 
unknowns

# balance 
eqns.

# other 
relations

DOF

Unit 1 A,B,C,
xC,i(4 of 5)

7 5 0 2

Unit 2 C,D,E,
xC,i(4 of 5)

7 5 0 2

Overall A,B,D,E 4 5 0 -1

Overspecified! Let’s see if numbers are consistent!
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