
Exam 2
Ch. 5 thru Ch. 6

• Take Home
• Closed Book, Closed Notes
• One 8.5 x 11 paper with notes (one side)
• 3 hour time limit
• 7 problems
• Monday (today) through Friday

– Due Friday morning at 9:00 am before class
• Needed:

– Calculator
– Ruler
– Pencil



After the Exam

• 12 “lectures”
• 1 Exam Review
• 3rd Exam
• 5 class periods to work on Case Study
• Review for Final Exam



Get Some Help!
(We covered  a lot of new concepts)

• TA sessions
• I will come to class on Wednesday
• Contact me!

– I am relatively free 
• Mon afternoon
• Most of Wed (except at noon)
• Thursday most of the day

• PLEASE catch up on homework!
– 50% credit until you take the exam
– Use the answer key!



What Do I Study?
First Look at Competencies

• Students will understand process variables (e.g., P, T, flow 
rate, conc.) including procedures and equipment for their 
measurement.

• Students will be able to apply solution thermodynamics 
fundamentals to solve phase equilibrium problems 
including bubble point, dew point and flash calculations.

• Students will be able to read and understand phase 
diagrams and use these to determine physical phenomena.

• Students will understand pure-component, PVT phase 
behavior including vapor pressure, critical point, freezing 
line, triple point, etc.

• Students will understand how molecular interactions to the 
behavior of material gives rise to macroscopic properties.



F19 Exam
(Your Practice Exam)

1. Steam Tables 94%
2. Relative Humidity 88%
3. Ternary Phase Diagram 93%
4. Bubble Point Calculation 99%
5. Kay’s Rule (non-ideal gas) 91%
6. Ideal Gas and VLE 83%

Average = 90%





• Look through the review sheet with a neighbor
• Identify what you would like to review most



Definition of Pressures

• Ptot Total Pressure, as in PV=znRT

• Pi Partial Pressure Pi = yiPtot
PiV = ziniRT

• Pi* Vapor Pressure = f(T), 
used in Raoult’s law

• Raoult’s Law
yiPtot = xiPi*



Standard State Conditions

• Normally at 1 atm and 0°C
• Commonly used in measurements
• Concept: moles are the same

• 𝑛𝑛 = 𝑃𝑃𝑃𝑃
𝑅𝑅𝑅𝑅 𝑆𝑆𝑆𝑆𝑆𝑆

= 𝑃𝑃𝑃𝑃
𝑅𝑅𝑅𝑅 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎

• Example: 
Your flow meter says 30 slpm, and you measure 
T=30°C and P=5 psig. What is the actual volumetric 
flow rate?



Multicomponent Logic Chart

Raoult’s Law
yiPtot = xiPi*

xi known, 
P or T known

find yi & T or P
(bubble point)

yi known
P or T known

find xi & T or P
(dew point)

zi known
P & T known

find xi, yi, L, and V
(flash calculation)



Flash Calculation Example

• Start with Raoult’s Law
yAP = xAPA*
yBP = xBPB*

• Add the two equations
yAP + yBP = xAPA* + xBPB*

• So
P = xAPA* + (1-xA)PB*    to get xA

• From xA get xB, yA, yB

• Mole Balances
nF = nL + nV

.45 nF = yA nV + xA nL

Feed
.45 mol A
.55 mol B

Vapor

Liquid

T = 50°C
Ptot = 700 mm Hg

Using T = 50°C
PA* = 600 mm Hg
PB* = 800 mm Hg

Solve for nV/nF





Humidity Problem Example
(Problem 6.34)

• Dry leather balance
0.39 m0 = 0.94 × 485 lbm/hr

• Find yH2O,2
yH2O,2 P = RH × P*H2O

• Water balance
0.61 m0 = yH2O,2 n2 (18 lb/lbmol) + 0.06 (485 lbm/hr)
(solve for n2)

• Dry air balance
n1 = (1 – yH2O,2) n2

Then use PV1 = n1RT

Wet leather
m0
xWat = 0.61
xLeath = 0.39

Drier leather
m = 485 lbm/hr
xWat = 0.06
xLeath = 0.94

Dry air
140°F (60°C)
P = 1 atm
RH = 0!

Moist air
130°F (54.4°C)
P = 1 atm
RH = 50%

Find:
(a) m0 (inlet mass flow rate of wet leather)
(b) V1 (volumetric flow of dry air)




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n-pentane and n-heptane at 2 atm
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Blank-Dew

		Dew Point Example

		Given						normal boiling pt

		y_benz=		0.4				80.1		C

		y_tol=		0.6				110.6		C

		Ptot=		2		atm

				1520		mm Hg

		T		30.0		C		<==== Guess

				303.0		K

		Antoine Equation						A		B		C				Temp Range ( C)

		P*_benz=		119.2		mm Hg		6.89272		1203.531		219.888				14.5		80.9

		P*_tol=		36.7		mm Hg		6.95805		1346.773		219.693				35.3		111.5

		Need to find an equation to set to zero!

		Rearrange dew point equation:

		0 = f(T) = 1 - sum(yi*Ptot/Pi*)

		Function=				(need vounteer!)





Antoine

		Dew Point Example

		Given

		y_benz=		0.4

		y_tol=		0.6

		Ptot=		2		atm

				1520		mm Hg

		T		127.0		C		<==== Guess

				400.0		K

		Antoine Equation						A		B		C				Temp Range ( C)

		P*_benz=		2648.8		mm Hg		6.89272		1203.531		219.888				14.5		80.9

		P*_tol=		1183.7		mm Hg		6.95805		1346.773		219.693				35.3		111.5

		Function=		-0.0000003186

				Beyond T range of P* correlations!!





DIPPR

		Dew Point Example

		Given

		y_pent=		0.4

		y_hept=		0.6

		Ptot=		2		atm

				1520		mm Hg

		T		109.1		C		<==== Guess

				382.1		K

		DIPPR		A		B		C		D		E				Temp Range (K)				Temp Range ( C)

		n-pentane		7.87E+01		-5.42E+03		-8.83E+00		9.62E-06		2				143.42		469.7		-129.58		196.7

		n-heptane		8.78E+01		-7.00E+03		-9.88E+00		7.21E-06		2				182.57		540.2		-90.43		267.2

		P*=exp(A+B/T+C*ln(T)+D*T^E)

		P*_pent=		5405.3		mm Hg

		P*_hept=		1027.6		mm Hg

		Function=		0.0000005735

		y_pent		T
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DP Pressure

		Dew Point Example

		Given

		y_benz=		0.4

		y_tol=		0.6

		T		127.2		C		<==== Given!

				400.2		K

		Antoine Equation

		P*_benz=		2662.0		mm Hg

		P*_tol=		1190.3		mm Hg

		Function = 0 = 1 - sum(yi*Ptot/Pi*)

		Function=		0

				Beyond range of correlations!!

		DIPPR		A		B		C		D		E				Temp Range (K)				Temp Range ( C)

		Benzene		83.107		-6486.2		-9.2194		0.0000069844		2				278.68		562.05		5.68		289.05

		Toluene		76.945		-6729.8		-8.179		0.0000053017		2				178.18		591.75		-94.82		318.75

		P*=exp(A+B/T+C*ln(T)+D*T^E)

		P*_benz=		2652.2		mm Hg

		P*_tol=		1184.4		mm Hg

		Ptot = 1/(sum(yi*Pi*)

		Ptot=		1521		mm Hg

				2.00		atm

		xi = yi*Ptot/pi*

		x_benz=		0.229414134

		x_tol=		0.770585866





Blank-Bubble

		Bubble Point Example

		Given						normal boiling pt

		x_benz=		0.4				80.1		C

		x_tol=		0.6				110.6		C

		Ptot=		2		atm

				1520		mm Hg

		T		85.0		C		<==== Guess

				358.0		K

		Antoine Equation

		P*_benz=		881.6		mm Hg

		P*_tol=		345.1		mm Hg

		Function = 0 = 1 - sum(xi*Pi*/Ptot)

		Function=		960.3003546959

				Beyond range of correlations!!

		DIPPR		A		B		C		D		E				Temp Range (K)				Temp Range ( C)

		Benzene		83.107		-6486.2		-9.2194		0.0000069844		2				278.68		562.05		5.68		289.05

		Toluene		76.945		-6729.8		-8.179		0.0000053017		2				178.18		591.75		-94.82		318.75

		P*=exp(A+B/T+C*ln(T)+D*T^E)

		P*_benz=		877.0		mm Hg

		P*_tol=		342.6		mm Hg

		Need new function for bubble point!

		Since xi's are known, we use a slightly different rearrangement of Raoult's Law:

		Start with sum(yi's) = 1 = sum(xi*Pi*)/Ptot

		F(T) = 0 = Ptot-sum(xi*Pi*)

		Function=				(need another volunteer!)





Bubble

		Bubble Point Example

		Given

		x_pen=		0.9

		x_hept=		0.1

		Ptot=		2		atm

				1520		mm Hg

		T		61.3		C		<==== Guess

				334.3		K

		DIPPR		A		B		C		D		E				Temp Range (K)				Temp Range ( C)

		n-pentane		7.87E+01		-5.42E+03		-8.83E+00		9.62E-06		2				143.42		469.7		-129.58		196.7

		n-heptane		8.78E+01		-7.00E+03		-9.88E+00		7.21E-06		2				182.57		540.2		-90.43		267.2

		P*=exp(A+B/T+C*ln(T)+D*T^E)

		P*_pent=		1664.5		mm Hg

		P*_hept=		219.4		mm Hg

		Need new function for bubble point!

		Since xi's are known, we use a slightly different rearrangement of Raoult's Law:

		Start with sum(yi's) = 1 = sum(xi*Pi*)/Ptot

		F(T) = 0 = Ptot-sum(xi*Pi*)

		Function=		0.0000008068
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BP Pressure

		Bubble Point Example

		Given

		x_benz=		0.4

		x_tol=		0.6

		T		250.0		C		<==== Given!

				523.0		K

		Antoine Equation

		P*_benz=		21448.9		mm Hg

		P*_tol=		12322.6		mm Hg

		Function = 0 = 1 - sum(xi*Pi*/Ptot)

		Function=		0

				Beyond range of correlations!!

		DIPPR		A		B		C		D		E				Temp Range (K)				Temp Range ( C)

		Benzene		83.107		-6486.2		-9.2194		0.0000069844		2				278.68		562.05		5.68		289.05

		Toluene		76.945		-6729.8		-8.179		0.0000053017		2				178.18		591.75		-94.82		318.75

		P*=exp(A+B/T+C*ln(T)+D*T^E)

		P*_benz=		22318.4		mm Hg

		P*_tol=		12551.5		mm Hg

		P_tot = sum(xi*Pi*)

		P_tot=		16458.3		mm Hg

				21.7		atm

		yi = xi*Pi*/Ptot

		yi_benz=		0.542

		yi_tol=		0.458







Mole fraction of A

Solid B + Eutectic Solid A + Eutectic

Solid-Liquid Phase Diagrams



From p. 192, ideal when:
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Non-Ideal Eqns. of State
(that are in the text)

• Virial
– 1 constant
– B = f(Tc,Pc, ω)
– Table 5.3.1 for ω

• Van der Waals
– 2 constants
– a & b = f(Tc,Pc)

• Soave-Redlich-Kwong (SRK)
– 3 constants
– a & b = f(Tc,Pc)
– α = f(Tc,Pc, ω)
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Corresponding States: Mixtures
(Kay’s Rule)

Note that these are weighted by mole fraction

Hint: We will be using this a lot for mixtures!

ztot ≠ ∑yizi



Compressibility Experiment in UO Lab
(ChE 475)

• 25% CO2, 75% Ar
• T = 20°C
• Find z at different pressures

• Compressibility Chart
(Law of Corresponding States)

• Kay’s Rule for mixture
– Seniors get mixing rules for non-ideal equations of state 

from the Thermo class



Phase Diagram

Pressure-temperature phase diagram for CO2

If P > P*, all liquid
If P = P*, 2 phases
If P < P*, all gas

Line is P* vs T



Phase Diagram for H2O
(Quiz Answers)

1. Please draw
2. Label the following:

a. 2-phase envelope
b. Critical point
c. Pc

3. Draw 3 isotherms
a. Through 2-phase
b. Through Pc
c. Supercritical

4. Label Tc

V̂

Supercritical Fluid
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