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Separation Processes II

1. Distillation Columns

Given feed
:

· 2 specifications to design a column
· Usually xT and xB or xT and (T (recovery)
· Holds true for multi-component case!
Design choices:

1. Operating pressure, P ( aim for TT ( 60 (C
(i) P only way of controlling T
(ii) True for binary and multi-component

2. Type of column: plate vs. packed
(i) Consider volumetric flowrates

(ii) Small scale ( packed

(iii) Large scale ( plate

(iv) True for binary and multi-component

3. Diameter, d
(i) Dependent on flows

(ii) True for binary and multi-component

4. Internal flows (reflux)

(i) Binary case

( McCabe-Thiele method

(ii) Multi-component
( simple but approximate

( complicated but accurate
5. Number of trays
(i) Binary case

( McCabe-Thiele method

(ii) Multi-component
( simple but approximate

( complicated but accurate

6. Tray spacing
(i) True for binary and multi-component

7. Reboiler and condenser

(i) Heat transfer issues

(ii) True for binary and multi-component

Multi-component systems:
Where is the main split?
· Light Key (LK)

· Heavy Key (KH)

· Heavy Non-key (HNK)

Key components

( distributing ( appear in Top and Bottom







( profiles have maxima

Non-key components
( normally non-distributing ( appear only in Top or Bottom







( usually have “plateaus”

2. Column Design
Nmin and rmin
( indicate case of separation





( boundaries on actual design





( used in correlations to determine actual values

Nmin – The Fenske Equation:

Assumptions:

· Constant relative volatility, (
· Constant molar overflow
For a pair of components i and j, for equilibrium plate p:
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Nmin occurs at r ( (
Top operating line relates to these compositions:
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From (1) and (2):
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for N stages
(

[image: image6.wmf](

)

ij

B

i

B

j

T

j

T

i

x

x

x

x

N

a

ln

ln

,

,

,

,

min

ú

ú

û

ù

ê

ê

ë

é

´

=


Fenske Equation
In terms of recovery:
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If 
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Application of the Fenske Equation:
Easy case: 

(i,T (i,B specified
Difficult case: (i,T xi,T specified

(see P.S.1 Q.1)




Or
xi,T xj,B specified

	
	
	zi
	(i,To

	1
	Bz
	0.233
	2.25

	2
	To
	0.333
	1.0

	3
	Cu
	0.434
	0.21
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LK

Bz



x1,T = 0.9
HK

To



x2,B = 0.4
HNK
Cu



x3,T = 0

(need to assume ( (3,T)
Material balances:
Bz:
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Total:
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Need to check assumption for 6 stage column, r=(:

If (2,B=0.9333, what would (3,T be?
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assumption OK

Calculation of rmin:

Use Underwood’s equations:
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(1)


C = no. of components












q = feed quality = fraction of sat. liquid
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(2)

· Solve equation (1) for unknown (
· Solve equation (2) for rmin
· Number of roots of (1) is C-1

· Short cut method assumes non-distributing NK

· Use ( which satisfies:
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Example:
Bz,
( 1



(1,T=0.99


q=1
To
( 2



(2,B=0.90


(=2.25
Cu
( 3
Use equation (1):
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Multiply by 
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Take value of 1.51 because: [1.0 < 1.51 < 2.25]

Now substitute result into equation (2):
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Assume that x3,T=0 as before, use mass balances:
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 (easy separation)

Estimate of Theoretical Stages:
Use Gilliland correlation (Douglas, 44a):
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Nmin for this example = 8.38
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[5-25% accurate]
Estimate of Feed stage:
Use Fenske equation:
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Assume 
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i = Bz;

zBz = 0.233;
xBz,T = 0.875
(
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j = To;

zTo = 0.333;
xTo,T = 0.125
(
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Overall method: Fenske-Underwood-Gilliland
3. Rigorous Models
So far:
( Simple thermodynamics
(a) constant (
(b) constant molecular overflow

( Experimental correlations

“Performance” Models:

Steady performance of a fixed design (i.e. N):
· Effect of r on product composition

· Effect of purity specification on r
Typical Equilibrium Stage Model:

Assume:
- Theoretical stage ( streams leave at equilibrium



- Negligible pressure drop
	Variables for stage p
	Number

	vi,p = molar flow of i leaving p in liquid phase
	C

	li,p = molar flow of i leaving p in vapour phase
	C

	Tp = temperature at stage p
	1

	(Note: C = no. of components)
	2C + 1


Material Balances:
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Energy Balance:
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since
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Hence:
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If hV >> hL and 
[image: image53.wmf]T

h

V

¶

¶

 small and 
[image: image54.wmf]y

h

V

¶

¶

 small:


[image: image55.wmf](

)

(

)

p

p

V

p

p

V

y

T

h

y

T

h

,

,

1

1

»

-

-


(

[image: image56.wmf]p

p

p

p

L

L

V

V

=

=

+

-

1

1


Constant molar overflow
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