Review %

For a vessel with pure H,O 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?
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ey / What is the composition of the gas in the bubbles?

ﬁ 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

lH » On each tray, mixing is
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https://www.youtube.com/watch?v=bzAjbwiasfE




Trays in Distillation Column

Henry’s Law

(in place of Raoult’s Law)

Tabile 1: Somme formn of Henry™s law and constants igases in

water a1 298 K. devived from [/

» Raoult’'s Law when
X, — 1
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* Henry’s Law used
when x; > 0

MRE

- P\ =X H\ L
— H;is Henry's Law Ne
constant ar I«
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— Tables available, but whers
not in our book

€= amount concentration of gas in solation (in mol'L)
P pa of gas above the solursos (in stm)
* = mole fraction of g @ sobstion (dimensonkess )

(from Wikipedia)

Terms you should know

* VLE
— Vapor-liquid equilibrium

* Bubble point calculation
— Any VLE calculation where x; is known
— T or P known, find y,and P or T

* Dew point calculation
— Any VLE calculation where vy, is known
— T or P known, find x;and P or T

» Flash calculation

— VLE calculation where feed composition (z;) is known
along with T and Py, of output

— Need to find x;'s, y;'s, and L and V

Think....

* A closed vessel has a mixture of 50% benzene and 50%

toluene
= Tb, benzene = 80.1°C
— Ty, torwene = 110.62°C These T,’s are at 1 atm

« 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?

Matching
(2 + species, VLE)

* v, specified along with

TorP lig Bubble Pt
+ Feed composition (z;) _bubble

specified along with T

&P gas Dew Pt
« X; specified along with drop

TorP

Feed
—_—

Handouts
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Summary of Multicomponent Vapor-
Liquid Equilibrium (VLE)

+ X; known (bubble point calculation) —
— If P given, guess T to satisfy P,,; = Zx;P;* =

- i =yxP.* Note: this only works
1T G, G218 R B2t If there is no non-condensable

— Then y, = xiP;*/Py Gas above the ;iquid.

p - c

* y; known (dew point calculation) —

— Use relation: 2x; = 1 -
— If P given, guess T to satisfy Z'Pim -1

— If T given, get P, - Ly

—Theny,=xP/P, _ h

Flash Calculation

P & T known

V (unknown)
yi (unknown)

|
vapor
P V = molar flow rate of vapor

F (known) = y, = mole fraction in vapor

z; (known)
F = molar feed rate liquid L (unknown)
z; = mole fraction in feed x; (unknown)

= L = molar flow rate of liquid

Un E x, = mole fraction in liquid
V,L 2 XP* = VPt n
y/'s n-1 Species balances n
Xs n-1 Total 2n
Total 2n

(Only n-1 xs because =x; = 1)

Alternate: P known and y; known

Flash Calculation

* z's known, 2 species, P&T known
— Raoult’s law for each species
* V1Pt = X4P¢*
= (1-¥4)Piot = (1-%1)P,*
+ Add these equations to get: P, = x,P*+ (1-x)P,*
+ Solve for x,
» Gety, =x,P{*/Py,
— Mole balances
s F=V+L
c z,F=y,V+xL
+ 2 equations, 2 unknowns (V & L)
* z/s known, multiple species = Solver

Multicomponent Logic Chart

Raoult’s Law
YPuot j xR

X, known, y; known z; known
P or T known P or T known P & T known
findy; & Tor P find x; & T or P find x;, y; L, and V
(bubble point) (dew point) (flash calculation)

Hint on Prob 6.63

(6.61 in 3 Ed.)

A.Partial condenser iﬂy

* However, at minimum‘pressure, Mg —> 0,sovy;
is known (= z)

« If y; is known, this is a dew point calculation!
> T known, find P!

B.Total condenser

* However, at minimum pressure, m,,, — 0, s0 X
is known (= z)

« If x; is known, this is a bubble point calculation!
> T known, find P!

X\




Bubble Point, or if x;'s known

* X/'s known, y;/s wanted (n unknowns)
* PorTgiven, Tor Pwanted (1 unknown)
Total unknowns: n+1

Equations
© %P =yPy (neqns)
3y =1 (1 eqgn)

« Strategy: Solve for y;, then sum all equations to eliminate y, because Xy,
=1
Yi = % PP
Summing both sides,
2y, = 1= 2(x P/Pyy)
« If T known, calculate P;*’s, solve for Py, then use Raoult's law to get y;'s
+ If P, known, guess T, find P*'s, see if Z(x; P;*/Py,) = 1
— ITERATE

“Bubble Point” Example

P I

- Gas consists only of benzene & toluene
Find: Py, Vs, Y7

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

Dew Point, or if y;'s known

* y/'s known, x;'s wanted (n unknowns)
* PorTgiven, T or Pwanted (1 unknown)
Total unknowns: n+1

Equations
* %P =yPy (n eqns)
e =1 (1 eqgn)

« Strategy: Solve for x;, then sum all equations to eliminate x; because
X =1
X = (¥ "Piod P)
Summing both sides,
Ix; =1 = PoE(y; IP)
« If T known, solve for Py, then use Raoult’s law to get x/'s

* If P known, guess T, find P;*’s, see if P, Z(y; /P;*) = 1
~ ITERATE

“‘Dew Point” Example

- “T— Gas at 2 atm (1520 mm Hg) consists of
Find: T, Xg, X 40 mol% benzene
60 mol% toluene

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

o1

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

liquid?
‘"l

Flash
Calculation

(worksheet)

Sample Flash Calculation

Vapor AL85°C, P*gon = 985.1 mm Hg
0.6 mol EtOH 2atm| YEoH P e = 6362.5 mm Hg
0.4 mol EtCI 85°C

Liquid Pyt = 1520 mm Hg

X
£l Find L, V, y/s, x;s
Mole Balance: 1=V +L
EtOH Balance: 0.6 = YgiopV + Xgiop L

Raoult's Law: YetoH P = XewonP Eton 0
oL Add these two equations
(1-Yeron) P = (1-Xeon)P e 4
P = XgionP eton * (1-Xeion)P etct

P—PR, _ 1520-6362.5 _
Pion — P 985.1-63625
Using Raoult’s law: Yeion(1520) = (0.9)(985.1)  so  yg oy = 0.583
Yewe = 0.417

Solve for X xeo, =

09 S0 Xgiey = 0.1

Now use mole balances: 1=V +L o
0.6 = 0.583V + 0.9L 2 eqns, 2 unknowns: L =0.0536

V =0.9464




