EngrD 2190 — Lecture 26

Concept: Graphical Mass Balances —
Operating Lines for Distillation

Context: Multistage, Counter-Current Flash Drums

Defining Question: How Is a reboller different from
a boiler?

Bring a Straightedge or Ruler to Lecture 27.



Review: Single-Stage Flash Drums

flash drum
84°C

50 mol% hexane % %

50 mol% chlorobenzene
1) > flash drum
\J 102°C
70°C, 1 atm % %
flash drum
116°C

Conservation of Energy requires Fyqia/Fyapor

ratio must be the same for each equilibrium stage.

Recycle streams complicate lever rule
calculations; must iterate.
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Temperature-Composition Phase Diagram

for Hexane+Chlorobenzene Mixtures at 1 atm
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Process looks like Multi-Stage Counter-Current Absorbers.

Need a map like the map we used for Multi-Stage Counter-Current Absorbers.
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Graphical Analysis of Multi-Stage Counter-Current Absorbers: Example 1
All compositions given. Calculate F;/F,;, and number of stages.
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This line is the Operating Line.

All (x,y) pairs leaving an equilibrium stage
lie on the equilibrium line.




Compare the map for absorber analysis to the T-(x,y) map for flash drums
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liquid composition
Two phases (L+V) everywhere.

Equilibrium on equilibrium line only.

Need two streams to plot a point:

liquid = x coordinate and vapor =y coordinate.
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liquid composition and vapor composition
Two phases in L+V region only.

Equilibrium everywhere.

One stream defines a point:
composition = x coordinate and T =y coordinate.



temperature

What is the distillation analog of the map for absorber analysis?

replot data
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Mapping from a T-(x,y) Phase Map to a x-y Phase Map
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Distillation Column: Mass balance on Consecutive Equilibrium Stages. pp. 284-5

So

molar flow rate = L

igure 4.80. System borders around two or more stages in a distillation column.
The borders must not include the feed stage.

molar flow rate =V 1

Assume steady state and no chemical reaction. Thus a mass balance on benzene (B) translates to a

mol balance on B. Define F as flow rate in mol/min.

molar flow rate of Bin = molar flow rate of B out (4.36)
FB,VZ + FB,L] 2 FB,VI + FB,LZ (4.37)
FB,Vz _ FB,V] = FB,Lz A FB,LI (4.38)

Define V" as the total molar flow rate of a vapor stream, in mol/min. Define L as the total molar flow rate of

a liquid stream, in mol/min. A combined overall balance on energy and mass requires V;, = V,,; and L;, =
Lyyt- Set the total molar flow rates of both streams V1 and V2 equal to V. Set the total molar flow rates of
both streams .1 and .2 equal to L.

Foavi = Foave =V (4.39)
B, total, 11 — Ftotal,Lz =L (4.40)
Recall yy 15 the mol fraction of B in the vapor and x, 1s the mol fraction of B in the liquid. Express the

molar flow rate of B in each stream in terms of the total molar flow rate and the mol fraction of B.

FB,VI = J’B,VlVa FB,VZ = J’B,VZV: FB,LI = xB,L1L= FB,LZ = xB,LZL (4.41)



Distillation Column: Mass balance on Consecutive Equilibrium Stages. pp. 284-5
é ? <«—— Adjacent liquid-vapor streams: a plotting pair.
Ee |
B I
E | Vo Figure 4.80. System borders around two or tnore stages in a distillation column.
] i + i The borders must not include the feed stage.
Adjacent liquid-vapor streams: a plotting pair.
Substitute the four relations above into the mass balance, equation 4.38.
VvV = ¥YpwiV = xprfl — xfdp, L (4.42)
(yB,VZ 2 yB,Vl)V = (xgfa — xgu1)L (4.43)
L _|Ysva|7|VBw1|_ 1ise (4.44)
v Xprz2 || *B,L1 run

Equation 4.45 obtains for any collection of consecutive equilibrium stages in the stripping section or the

rectifying section. Therefore all adjacent liquid+vapor pairs between stages lie on a line of slope L/} on a

map of ¥, vs. xg.




L = liquid flow rate, in mol/min
V = vapor flow rate, in mol/min

Adjacent x-y pairs are on an operating line. /}\

X-y pairs leaving an equilibrium stage

are on the equilibrium line.
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96 mol% toluene; xg = 0.04



A Graphical Model of a Distillation Column
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A Graphical Model of a Distillation Column: Minimum Stages? Minimum Reflux?

Minimum stages?

Minimum reflux? 0.9
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