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Continuous Distillation with Reflux mcsH pp 670-682
* Visthe molar flow of vapor above the feed

* L is molar Flow of liquid above the feed !
)

|
* Dis the molar flow of Distillate leaving the column —‘D)19~;_i_i ; —
e . . » Keetifabne
Rectifying Section Control Volume T 1= 1V 3 R&dfalj
- g ‘3 e\
° . — 4
Total Moles: V=L+D __E,QCF_E,JT 4
* Light Component  Vy=Lx + Dxg
L D __Jl': _ﬁ Sfo;#iLJ
y=sx+ 2 xp (divide both sides by V) i R | Seckinl
!
y=-—x+-——x, (substituteV=L+D) i -
. ) I_KRB_ [T E—
y = ﬁ X+ 7 /xﬁ’r - (divide top and bottom by D) S
D D
Q
Constant Molal Overflow

« Assumes that L and V are both approximately constant throughout the rectifying sezctlon
This is almost always an excellent approximation. g
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Continuous Distillation with Reflux

« Define Reflux Ratio R = L/, thisis the ratio of how much of the liquid exiting the condenser
IS returned to the column as Reflux versus how much exits the column as Distillate

* Book refers to this as R

* Rectifying Operating Line

_ R XD
* Ynt1 = g ¥n 7t Riq eq2l.22

* The Operating Line is a material (mole) balance for the section of the column above the feed

* ltrelates the value of y to the value of x at the same location (height) in the column
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Continuous Distillation with Reflux

b
R+1
« Whenx, = xp theny,.1 = Xp

 Whenx, =0theny,.1 = D

= — X
Yn+1 R+1 M

R+1
* Assuming Constant Molar Overflow make the Operating Line a straight
line
o : 7]
X N - 7
/
L
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Continuous Distillation with Reflux

* Visthe molar flow of vapor below the feed

* L is molar Flow of liquid below the feed

* B s the molar flow of Bottoms leaving the column

Stripping Section Control VVolume

e Total Moles

* Light Component

Constant Molal Overflow

« Assumes that L and V are both approximately constant
throughout the stripping section. This is almost always an

=V+B

= B

= [_/y+BxB

excellent approximation.

* Using similar algebra as in rectifying section

S+1

° y:Tx

XB

S

where Boil Up Ratio S = ¥/,

-‘Notethatwhenx:xB,y:xB ‘ Q

We typically don’t work with this
equation 5 o«
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—eed Quality, g

Note: L = LandV # V in many cases. This is because the feed steam enters
In the middle of the column and is added to one or the other or distributed to

* = moles/time of liquid that get added to the Reflux (L) per mole/time of feed
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L=L+qF eq 21.29
V=V+@1 —q)F eq 21.30

See equations 21.27 and 21.28 for discussion of how to
calculate g for cold liquid feed and superheated vapor
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~eed Line

This is a line that shows all of the points that satisfy both equations of the Rectifying
Operating Line and the Stripping Operating Line

Let's look at the mole balances for each section:

1) R Op Line Vy=Lx+Dxp eq21.12/21.31

2) S Op Line Vy=Lx—Bxg eq 21.18/21.32

A point (x,y) that is on both operating lines must satisfy both equation 1) and 2)

Subtract eq 2) fromeq 1)

« Both sides of eq 2 are equal, so we are subtracting the same value from each side
of eq 1 and will still have an equality

WV -V)y= (L — L)x+Dxp+Buxpg

- Weknowthat(V — V)=(1 —¢q)F eq 21.30
- Weknowthat(L—L)=qF eq 21.29
«  We know from molar balance of light component across the entire tower Q
e Dxp+Bxg=Fxp
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~eed Line

Making substitutions...
(1 —q) Fy = —qF x + F xg this can be rearranged to

- ()

eq21.34

p<¢g <l

e

SAT

<0/
—wwo&——‘,

GAA

y .

The feed line is the collection of all points that satisfy the intersection of all possible

pairs of R and S Op Lines

* Notice that there is no mention of Reflux Ratio, Boil Up Ratio, Xy, Or Xg

 Those are used to define the various possible Operating Lines

When X = Xg, Y = Xg S0 the point (X, Xg) is on the feed line

The slope of the feed line is %1

* Note that for saturated liquid (q = 1) the slope is infinite, which corresponds

to a vertical line




University at Buffalo
Department of Chemical
and Biological Engineering

School of Engineering and Applied Sciences

* ROPLine: Draw line from point (Xp, Xp)

to intercept —-

X
R+1
* Feed Line: Draw line from point (Xg, Xg)
i —
with slope = g
* S OPLine: Remember itincludes point
(Xg, Xg)
« Remember that the feed line is the
collection of points that satisfy both

the R OP Line and the S OP Line

 Therefore the intersection of the
feed line and our R OP Line MUST
be on our S OP Line!

 Draw S OP line from (Xg, Xg) to the
intersection of feed line and R OP
Line

_et's put these lines together...

Nere « Fek. 4 La

THC  pegep LIWE

IS VERTICA-
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Recap

" D,%, g:gr:;@ SpecicleD "
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L= RD

V= L+D = (’RH)D

L= lxaF

V=V -(-9]F

P(‘yi ratic = \yﬁ
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O
Equilibrium Curves
* ¥y P= xy,P{*(T)
* Because distillation is a high temperature and low/moderate pressure
operation the vapor phase will behave ideally (left hand side of equation)
* Liquid may or may not behave ideally...
[T AOH-HO " Eol- KO
4177 ) .
T g ” O
Migruac of SmrLARR i ———
CHEMICALs
* EtOH - H,0O system has azeotrope
 Eq curve crosses 45° line Q
« Cannot distill to an x greater than the Azeotrope
Equilibrium Curve will ALWAYS pass through points (0, 0) and (1, 1) 1 A,
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McCabe-Thiele for Continuous Distillation with Reflux

SR ~Fe 2.6

'zﬁ \B

Axua‘ Constest Mool Ovvfleov A Ls:L',e(!:.

Covvention Comnin€RS STAGES ARVE As Rect
L,J Feep Si%g_ﬂt_«. STheES Belov Feep As g‘*«%n'dv“}
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McCabe-Thiele for Continuous Distillation with Reflux
e Start at point (Xq, Y1) = (Xp, Xp)

* L, leaves stage 1 and must be in equilibrium
with V;. Therefore it must lie on equilibrium
curve at same y value as (Xq, Y,)

» Draw horizontal line from (x,, y,) to EQ curve
* This is point (X4, ¥,)

e StreamV, is at the same height as stream L,
* The point (x4, Y,) must therefore be on the
Operating Line
* This point has the same x value as point (X4, ¥,)

and can be located by drawing a vertical line
from point (X4, y,) to the OP Line

* We have just progressed one stage!

* We are taking steps by alternating between
looking at equilibrium between flows exiting and 13 s
mass balance for flows at same column height
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McCabe-Thiele for Continuous Distillation with Reflux

* Continue on in this method until you reach or pass point (Xg, Xg)

* Notice that at stage 4 we switched from using the R OP Line to using the S OP Line because we
have crossed the Feed Line and therefore the S OP Line represents the appropriate molar balance
equation

* Laststep is the Reboller (Liquid and vapor leaving reboiler are in equilibrium with one another)

- ——
 Last step will most likely not land 1 e (ag9) 2"

on xg. Round up I N —— 2 ';,%)&ﬂt(&,g,)
13 s

» Report stages as N stages plus - e .
Reboiler. Feed enterson stage#n —4Y——— /5

 Left's all agree to number stages — . =
with stage number one starting at Y i 5,
upper right (i.e. by x;) o LL e
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O
—eed Location N
*  Feed should be introduced at stage where it contacts ~-Feez & :g“ l Fego enters AT
the intersection of the two OP Lines —%e——>._;_ G _1“ fﬂi‘f n_and
* This leads to minimum number of steps ) S
Uhet 'xn
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