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Pxy diagram
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Pxy diagram: lever rule
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Lever rule
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Txy diagram

I
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Xy diagram

Blnary PIOt —- XY Curve —— Reference Line, (slope=1) P=O.32bar
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Multi-stage flash

F =100
kgmole/hr
Z1 = 0.5
Zy = 0.5

(1): nC5
(2): nC6
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Txy diagram

Binary Plot
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Multi-stage flash

y1 =7?
Vo =7

kgmole/hr
z; = 0.5
zp = 0.5

(1): nC5
(2): nC6
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Txy diagram
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Distillation Column

Blnary PIOt —= Bubble Curve —#— Dew Curve
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Condenser

I
Vapor Vapor
distillate distillate
< l > istlate < > gistilate
Reflux: Reflux: Reflux:
Liquid Liquid Liquid
(a) (b) (c)
total condenser partial condenser mixed condenser
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McCabe-Thiele Method

E
 The McCabe-Thiele method was Total condenser
presented by two graduate ﬁq
students at Massachusetts Institute  overhead vapor =
of Tech nology (MIT), Warren L, /T\ - Reflux
McCabe and Ernest W. Thiele in C ~ drum
1 92 5. Top stage 1 | < Reflux Disti&te
* It can help you understand about . o I
distillation graphically. Rectifying
* Assumptions o stages
. e
— It assumes binary system that Tr T A S P
considers separation of light key mole fraction = z, o
and heavy key only e ipping
— The latent heat of two key stagas
substances is similar. "
— The mixing enthalpy is negligible. i Boilup
— Adiabatic
— Constant pressure \L@/
Pzrt@;‘al
repoiier
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mole fraction = x,



Rectifying section

B
(Condenser) R 1
n=0-y1=p g% tpyg¥e =%
R 1
Total n=l-oy, =gyt rg
condenser

Y2

D
D

Mass Balance
V=L+D
‘\,"T c. M. B.

u’ Yn+1V = xpL + xpD

< Y Reflux Ratio R = L/D

AL

D
R+1

Mole fraction of light key in the vapor, v

n n+1
L 4 D
==X =X
1
V. L+D R+1
lé__. R R
e |4 IIé+D LID + DID Ri+1 ".5 -\,1 .‘_0 - _‘,”
Vn+1 Xn +——=Xp Mole fraction of light key in the liquid, x
R+1 R+1



Stripping section

| Mass Balance

oo L=V+B

c. M B

XmL = ym+17 + xpB

Boil up Ratio Vz = V/B

= XN+1

Mole fraction of light key in the vapor, v

(Reboiler) Vg + 1 1
m=N+1-yy;; = 7 XN+1 T XB = X
B B
y Vg + 1 1
N+1 = VB v, N Ty XB

Operating line in
Stripping section

m+1

Reboiler

Xp XN *m

Mole fraction of light key in the liquid, x



Feed stage configuration

(a) Subcooled liquid

— Feed stream liquefies vapor (V)
partially

(b) bubble point liquid

— Feed stream is becomes liquid
with L
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Feed stage !
| ) tf’l i ‘
: : ==
(c) Partially vaporized T o
— Vapor to vapor, liquid to %, 7 ﬁ
(d) Dew point vapor e |
— Feed stream Is becomes vapor ;
with V X !
(e) Superheated vapor Sy
— Feed stream vaporize the liquid A
L partially u'ii
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The g-line

« ¢ :ratio of the increase in molar flux rate across the feed

stage
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The g-line

cmb in Rectifying section.

yV =Lx + Dxp
Cmb in Stripping section.
yV =xL — xgB

y(V—V) = X(Z—L) — xgB — xpD (zgF = xpD + xgB)
y(V—V) =x(Z—L)—xBB—xDD =x(Z—L)—ZFF
7-v)_ (@-1)
Y™ ~*TF T
y(g—1) =xq —zp

Zp

q Zp
x_

L (a-line)

y:

* g-line must pass the point (zz, zz), because
q Zp
y p—

qg—1

= zr when x = zp
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The g-line
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To satisfy mass
balance and phase
equilibrium, the
operation lines at
rectifying and
stripping section must
meet with g line at
one point.

The point P can move
with design variables
(R, Vg, ). If the feed
stream condition is
fixed, the point P
moves with R or Vg
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Mole fraction of more volatile component (light key)

in the vapor, v
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Determination of stage number and feed

stage
B

* For minimum number of stage, feed stage must be located nearby
the extension of g-line
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x = mole fraction of lighter component in liquid phase



Minimum number of Equilibrium Stage

_— o

YTR+1 T R+1P
« If Rincreases, the slope of operating line in rectifying section converges to
1->it can reduce the number of stage

« If R converges to infinity, we can decide theoretically minimum number of
stages.

« Generally the number of stages is decided as double of the minimum
number of stages.

1.0

L/V=1: Total reflux
B=D=0: No product
1

min

Xp
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Minimum Reflux Ratio, R ...

« To minimize R, we need to decrease the slope of the operating line at rectifying
section. However, if the feed condition is fixed, g-line is also fixed and then we
cannot decrease the OP out of equilibrium line.

L D R 1

YRy TRy TRy
® When the OP meets the g-line at the 1.0
. . . . e LMinimum
equilibrium line, R value is minimized. 14
(with infinite number of stages) pinch point o
® From the slope R, is decided.
y |
|
® Generally design value of R has 1.1-1.5 -
|
R . 7t |
(L / V)min = - & :.x‘ =2
|
R . +1 :
|
|




