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Review

For a vessel with pure H2O at 10 bar and 100C
– What is the vapor pressure?

– How much vapor is there?

– What is the mole fraction of water vapor at 
equilibrium?

What is the composition of the gas in the bubbles?

How could you use Raoult’s Law to find the 
temperature of the bubbles, given a total pressure?

Class 20
Multicomponent Vapor-Liquid Equilibrium

• Why Multicomponent?

• Review Raoult’s Law

• Henry’s Law

• Dew Point Calculation

• Bubble Point Calculation

• Flash Calculation
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Distillation Column Trays

• On each tray, mixing is 
high enough to approach 
vapor-liquid equilibrium

• Vapor is enriched in more 
volatile component

• Liquid is enriched in less 
volatile component

• Multiple trays used to 
achieve greater 
separation yields

https://www.youtube.com/watch?v=bzAjbwiasfE
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Trays in Distillation Column Henry’s Law
(in place of Raoult’s Law)

• Raoult’s Law when 
xi  1
– Pi = xi Pi*

• Henry’s Law used 
when xi  0
– Pi = xi Hi

– Hi is Henry’s Law 
constant

– Hi = f(T)
– Tables available, but 

not in our book

(from Wikipedia)

Terms you should know

• VLE
– Vapor-liquid equilibrium

• Bubble point calculation
– Any VLE calculation where xi is known
– T or P known, find yi and P or T

• Dew point calculation
– Any VLE calculation where yi is known
– T or P known, find xi and P or T

• Flash calculation
– VLE calculation where feed composition (zi) is known 

along with T and Ptot of output
– Need to find xi’s, yi’s, and L and V

Think….
• A closed vessel has a mixture of 50% benzene and 50% 

toluene
– Tb, benzene = 80.1°C

– Tb, toluene = 110.62°C

• Suppose you have this mixture at 1 atm and 25°C
– What phases are present?

– If you start heating the mixture, at what T will you start to get gas 
(assuming P stays constant)?

– What will be the composition of the initial gas?

– How will the gas composition change as you continue to heat the 
mixture?

– If the mixture is heated to 111°C, what will be the composition of 
the gas phase?

These Tb’s are at 1 atm

Matching
(2 + species, VLE)

• yi specified along with 
T or P

• Feed composition (zi) 
specified along with T 
& P

• xi specified along with 
T or P

liq

bubble

gas

drop

Feed
Gas

Liquid

T&P known

Bubble Pt

Dew Pt

Flash

Handouts



3

• xi known (bubble point calculation)
– If Ptot given, guess T to satisfy Ptot = xiPi*

– If T given, get Ptot = xiPi*

– Then yi = xiPi*/Ptot

• yi known (dew point calculation) 
– Use relation: xi = 1
– If Ptot given, guess T to satisfy

– If T given, get

– Then yi = xiPi*/Ptot

Summary of Multicomponent Vapor-
Liquid Equilibrium (VLE)
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Note: this only works
If there is no non-condensable
Gas above the ;iquid.

vapor
F (known)
zi (known)

V (unknown)
yi (unknown)

L (unknown)
xi (unknown)

P & T known

liquid

Flash Calculation

Alternate: P known and yi known

Unknowns:
V, L 2
yi’s n-1
xi’s   n-1    
Total 2n

F = molar feed rate
zi = mole fraction in feed

V = molar flow rate of vapor
yi = mole fraction in vapor

L = molar flow rate of liquid
xi = mole fraction in liquidEquations:

xiPi* = yiPtot n
Species balances n
Total 2n

(Only n-1 xi’s because xi = 1)

Flash Calculation
• zi’s known, 2 species, P&T known

– Raoult’s law for each species
• y1Ptot = x1P1*

• (1-y1)Ptot = (1-x1)P2*

• Add these equations to get: Ptot = x1P1*+ (1-x1)P2*

• Solve for x1

• Get y1 = x1P1*/Ptot

– Mole balances
• F = V + L

• z1F = y1V + x1L

• 2 equations, 2 unknowns (V & L)

• zi’s known, multiple species  Solver

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)

Hint on Prob 6.63
(6.61 in 3rd Ed.)

A.Partial condenser
• However, at minimum pressure, mliq  0, so yi

is known (= zi)
• If yi is known, this is a dew point calculation!

T known, find P!

B.Total condenser
• However, at minimum pressure, mvap  0, so xi

is known (= zi)
• If xi is known, this is a bubble point calculation!

T known, find P!

zi
yi

xi

zi
xi

xi
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Bubble Point, or if xi’s known
• xi’s known, yi’s wanted (n unknowns)

• P or T given, T or P wanted (1 unknown)

Total unknowns: n+1

Equations

• xi Pi* = yiPtot (n eqns)

• yi = 1 (1 eqn)

• Strategy: Solve for yi, then sum all equations to eliminate yi because yi

= 1

yi = xi Pi*/Ptot

Summing both sides, 

yi = 1 = (xi Pi*/Ptot)

• If T known, calculate Pi*’s, solve for Ptot, then use Raoult’s law to get yi’s

• If Ptot known, guess T, find Pi*’s, see if (xi Pi*/Ptot) = 1  
– ITERATE

“Bubble Point” Example

Gas consists only of benzene & toluene

Liquid at 25C consists of:
40 mol% benzene 
60 mol% toluene

Find: Ptot, yB, yT

Dew Point, or if yi’s known
• yi’s known, xi’s wanted (n unknowns)

• P or T given, T or P wanted (1 unknown)

Total unknowns: n+1

Equations

• xi Pi* = yiPtot (n eqns)

• xi = 1 (1 eqn)

• Strategy: Solve for xi, then sum all equations to eliminate xi because 
xi = 1

xi = (yi *Ptot/Pi*)

Summing both sides, 

xi = 1 = Ptot(yi /Pi*)

• If T known, solve for Ptot, then use Raoult’s law to get xi’s

• If Ptot known, guess T, find Pi*’s, see if Ptot(yi /Pi*) = 1  
– ITERATE

“Dew Point” Example

Gas at 2 atm (1520 mm Hg) consists of 
40 mol% benzene 
60 mol% toluene

Liquid consists of:
? mol% benzene 
? mol% toluene

Find: T, xB, xT

Why is this a dew 
point example when 
there is quite a bit of 

liquid?

Flash
Calculation

(worksheet)

2 atm
85C

0.6 mol EtOH
0.4 mol EtCl

Vapor
yEtOH

Liquid
xEtCl

At 85C, P*EtOH =   985.1 mm Hg
P*EtCl = 6362.5 mm Hg

Ptot = 1520 mm Hg 

Find L, V, yi’s, xi’s

Mole Balance: 1 = V + L
EtOH Balance: 0.6 = yEtOHV + xEtOH L 

Raoult’s Law: yEtOH P = xEtOHP*EtOH

(1-yEtOH) P = (1-xEtOH)P*EtCl

P = xEtOHP*EtOH + (1-xEtOH)P*EtCl

Add these two equations

Solve for x 9.0
5.63621.985

5.63621520
**

*
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EtClEtOH

EtCl
EtOH PP

PP
x so xEtCl = 0.1

Using Raoult’s law: yEtOH(1520) = (0.9)(985.1)    so   yEtOH = 0.583
yEtCl = 0.417

Now use mole balances: 1 = V + L
0.6 = 0.583V + 0.9L

2 eqns, 2 unknowns:  L = 0.0536
V = 0.9464

Sample Flash Calculation


