
9/12/2022

1

• Career Fair in 2 weeks!
• DOF required on all remaining problems in Chapter 4 

(until Exam 1)
• Homework key now posted on Learning Suite
• Grades will be posted on web page by alias name
• Homework hints posted for 7.2

Class 6
More DOF and Balances

Outline

• DOF Review/Questions
• Practice Problem 4.32 (4.22 3rd Ed.)
• Practice DOF for 4.33 (4.23), 4.36 (4.26)
• In-Class Assignment/Quiz
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Notes on DOF Analysis

• My method is slightly different than in the 
book or on the web
– The authors like to write out more equations 

and unknowns (like S.G. to convert mass to 
volume)

• The important thing is to get the DOF 
correct
– TA’s will be understanding on grades

– I will be understanding on exams

Questions?
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Problem 4.32
(4.22 in 3rd Edition)

Problem 4.32

𝑛ሶଵ

𝑛ሶ ଶ

𝑚ሶ ଷ = 100 kg/hryH2 = 0.1 mole fraction
yN2 = 0.9

yH2 = yN2 = 0.5

yH2 = 0.2
yN2 = 0.8

DOF
U = 
BE =
OE =
DOF =

2   (𝑛ሶଵ, 𝑛ሶଶ)

2
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0
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DOF Practice

• Problem 4.23 – Dialysis

𝑉ሶଵ ൌ 200 𝑚𝐿/𝑚𝑖𝑛

𝑉ሶଶ ൌ 195 𝑚𝐿/𝑚𝑖𝑛

𝐶௎,ଵ ൌ 1.90 𝑚𝑔/𝑚𝐿 𝐶௎,ଶ ൌ 1.75 𝑚𝑔/𝑚𝐿

𝑉ሶଷ ൌ 1500 𝑚𝐿/𝑚𝑖𝑛
𝐶௎,ଷ ൌ 0.0 𝑚𝑔/𝑚𝐿

𝑉ሶସ ൌ ~1500 𝑚𝐿/ min ൌ ? ?
𝐶௎,ସ ൌ ?  𝑚𝑔/𝑚𝐿
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DOF Practice

• Problem 4.26 – Gas Absorption

• Perform the DOF analysis

𝑛ሶଵ ൌ?
𝑦ௌଵ ൌ?

𝑛ሶଷ ൌ?
𝑦ௌଷ ൌ?

𝑚ሶ ସ ൌ?
𝑥ௌସ ൌ?

𝑚ሶ ଶ ൌ 𝜌ଶ𝑉ଶሶ
𝑛ሶ ଶ = 𝑚ሶ ଶ/MW2
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Thought Questions

Beaker of sand + salt water
 5 g sand
 9.5 g water
 0.5 g salt

Pour off 2 g of liquid
What is the mass fraction of salt 
in the liquid you poured out?

What is the mass fraction of salt in the 
liquid still in the beaker?

What is the initial mass fraction of salt 
in the beaker, including the sand?

xsalt = .05

xsalt = .05

xsalt* = .5/(.5+9.5+5) = .033

In-Class Problem

Slurry = mixture of solid and liquid

Note: Composition may be given of slurry (xA*) 
or just the liquid solution (xA)

Solids loading = masssolid/total mass

xALiquid
Solution

Solid

xA*

Caution: In a mass balance on species A, we can either use msolnxA or mslurryxA*
(both give the mass of species A, or mA).
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In-Class Problem

Note: Composition may be given of slurry (xA*) 
or just the liquid solution (xA)

xA

Liquid
Solution

Solid

xA*

Caution: In a mass balance on species A, we can 
either use msolnxA or mslurryxA*
(both give the mass of species A, or mA).

In this problem there are three components:
• NaOH (liq)
• Water (liq)
• CaCO3 (solid)

𝑚ே௔ைு ൌ 𝑚௦௢௟௡𝑥ே௔ைு ൌ 𝑚ே௔ைு ൅ 𝑚ுଶை
𝑚ே௔ைு

𝑚ே௔ைு ൅𝑚ுଶை

ൌ 𝑚௦௟௨௥௥௬𝑥ே௔ைு
∗ ൌ 𝑚ே௔ைு ൅ 𝑚ுଶை ൅ 𝑚஼௔஼ைయ

𝑚ே௔ைு

𝑚ே௔ைு ൅ 𝑚ுଶை ൅ 𝑚஼௔஼ைయ

In-Class Problem

𝑚ሶ ଵ
x*NaOH = 1/3
x*H2O = 1/3
x*CaCO3 = 1/3

𝑚ሶ ଶ
xNaOH = 0.05
xH2O = 0.95

𝑚ሶ ுమை,ଷ

𝑚ሶ ஼௔஼ைయ,ସ = 1 lbm/min 

𝑚ሶ ே௔ைு,ଷ

𝑚ሶ ௦௢௟௡,ସ = 2 lbm/min

xNaOH = ?

Answer: xA,soln = 0.23 g NaOH/g soln
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