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1. Review of Diagram Construction Method
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A mixture of 40 mol% benzene and 60 mol% toluene (boiling
point liquid) 1s to be separated in a distillation column. The
molar fractions of benzene in the distillate and bottoms are to
be set to 0.90 and 0.10, respectively. Set the reflux ratio to 2.0,
and find the number of required theoretical stages by the
McCabe-Thiele method.

Rectifying section Vo= R X, + ! X5
operating line R+1 R+1

Y. - Steam composition leaving stage N +1
X, : Liquid composition leaving stage n
Xp : Overhead product composition
R : Reflux ratio
1
X+ Xg
R+1 R+l

Operating line for diagram: y =
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Reference: vapor pressures of benzene (1)

m e m = = mw s mjwm b mm

and toluene (2)
107(6.90565-1211.0/(220.79+t))

P,0=107(6.95464-1344.8/(219.482+t))

P,0
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be pictured from the xy diagram.

Although the number of stages is influenced by the reflux ratio and the
purity at the top of the column, the difficulty of distillation separation can

y1

x1
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The xy diagram can be calculated
from the relative volatility

Relative volatility (a,,) = ratio of equilibrium ratios
a=K /K, =| L] :(xj/(l—yj: y(1-Xx)
Xi )\ X, X)\1=-x) Xx(1-Y)

oX
(a—-1)x+1

Useful relationship Y =

13

Solutions for R&D to Design

SC

preFEED

The relative volatility is the ratio of the vapor
pressures of the pure substances (ideal system)

In an ideal system Raoult’s law holds F’y1 =X Plo

< _ y1 _ |:)10 PYz :szz
1
X, P

— a=K,/K,=P°/P

X P — In a system where Raoult’s law
2 holds, the relative volatility becomes
the physically meaningful property

value of the vapor pressure ratio.
14
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3. Examples of Guidelines
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The boiling point difference
between p-dichlorobenzene (PDB)
and o-dichlorobenzene (ODB) is 6° C.
Let us consider the difficulties of separation

by distillation.

16

Solutions for R&D to Design




SC

preFEED

1. Correlate the vapor pressure data of
p-dichlorobenzene (PDB) and 0-dichlorobenzene
(ODB) with the Antoine equation.

Use Logl10(P) = A - B/T as the Antoine equation.

2. Calculate the relative volatility at 120° C, draw the
xy diagram and consider the difficulty of separation
by distillation.
t, [°C] 150 160 170 180 190 200
PDB, [mmHg] | 400.4165] 527.7156| 685.2758| 877.8249] 1110.406| 1388.358
ODB, [mmHg] | 338.3175| 448.3665| 585.2366( 753.2029] 956.8044| 1200.809
17
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: |
| PDB-ODB Vapor Liquid /
. <

0.8 +———F—— | Equilibrium

X

Although it has not been determined exactly, it can be expected that the number
of theoretical stages required for distillation will be very large.
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Continuous Distillation 2:
Actual Plant Correlation
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N,.=1350/AT

N, : Actual number of distillation column stages
AT : Difference in the boiling points of the components to be separated

Satoru Kawai (Mitsubishi Kasei): "Process Sekkei ni-okeru Bunshi Kagaku Kougakuteki Shuhou
(in Japanese : Molecular Chemical Engineering Methods in Process Design)",
Recent Process Design Engineering Workshop organized by the Society of Chemical Engineers,
Japan (November 27, 1987)

From this approximation method, it is possible to
estimate the actual number of stages from the
difference in the boiling points of the
components very easily.

21
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Batch Distillation: Rose Relationship
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8-4-1 Rose DRE
2 RARESREATILRK 2 — R, GO hO EI RS OWEEI TR &
ERTE, Lo LEROREEBE, —RIc B 0RO 40% HMER SRS BE 95 mol
G EOMEELYH TS X S CHBH LRI L TR THE S, 20k RBAONE
B L B L ORISR HA LR, Rose 120 ¥OMFER G,
2.4/loga<R=3.5/loga ]
2.3/loga=S=3.6/loga
RZBHI, AT, 7H, o RHMERETHD, LLBNTEETD M, Y
fErHRATREXv. R (8-63) ORENI R S b, HulhbkEBWTFE0H "Kagaku Kougaku Binran’
EAEBLRIOTHEN, Wi - : "
Pl -6 Revised 3rd ed. (in Japanese)
EHLTIG, REL, ChboBREHEDHERA 10~%0m % T5 s ackens. | DP-552-553

(8-63)

In a binary system batch distillation, if the reflux ratio is kept constant, the concentration of the low boiling point
component in the distillate decreases with time. However, except in special cases, it is generally sufficient to design the
distillation column so that the first 40% of the distillate has a low-boiling point component concentration of 95 mol%
purity or more. As a result of examining the relationship between the theoretical number of stages and the reflux ratio
in such a case, Rose obtained the following relationships.

2.4/loga=R=3.5/loga ]
2.3/loga=S5=3.6/loga

Here, R is the reflux ratio, S is the number of steps, and a is the relative volatility (if it varies within the column, an
average value may be used). If R and S are within the range of Equation (8.63), the desired separation can be roughly
obtained. These relationships can be simplified as,

(8.63)

| S=R=2.85/loga | (3.64)

Note that these relationships can be applied only when the composition of the feed solution is between 10 and 90 mol%.
“Rose, A. : Ind. Eng. Chem., 33, 594 (1941)”
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Eg Rose’s Relationship and Design Examples

Relative Number of Operation
System » 2.85/loga theoretical b : Remarks
Volatility reflux ratio
stages
1. Water / Polar
Solvent 6.1 3.6 5 2-3 New column
2. Silane
derivatives/ EDC 2.4 7.5 7 1.5 New column
: Column
3. Olefin 1.2 36.0 20 40 reassignment

* Cases 1 and 2: Since new columns are involved, these case-studies are focused mainly on Rose’s
relationship, and the number of stages is close to Rose’s relationship. However, the reflux ratio is not
that important.

* Case 3: There were only 20 theoretical stages in the column to be reassigned, and as a result of
increasing the reflux ratio, it became close to that calculated by Rose’s relationship.

* Setting both the number of stages and the reflux ratio to a value obtained from Rose’s relationship
appears to be an over specification.

* In the last example, the relative volatility is close to that of 0-dichlorobenzene and p-dichlorobenzene.
Batch distillation seems to have a comparatively better separation performance than continuous

distillation.
istillation o4
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>< Conclusion

*  Whether for continuous or batch operation, it is
important to use guidelines before performing
distillation calculations in order to do an efficient
investigation.

* It is difficult to develop guidance skills by using only
a process simulator. It appears that these skills can be
developed by comparing simulator results with
methods that employ simple guidelines.
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