Table 5

: Relative
’ " Feed, volatility
Number  Component % e
1 Isoprene 16.00 2.857
2 3-methylpentene-1 (LK) 30.00 1.297
3 2-methylpentene-1 (HK) 24.00 1.000
4 2,3-dimethyibutaneg-2 30.00 0.728

Underwood’s method

If an infinite, or nearly infi-
nite, number of equilibrium
stages is involved, a zone of
constant composition must
exist in the fractionating col-
umn. In this instance, there is
no measurable change in
composition of liquid or vapor
from stage to stage.

Under these conditions,
the reflux ratio can be defined
as the minimum reflux ratio,
Ruin. With respect to a given
separation of two-key compo-
nents (light key and heavy
key)."' Equation 21 shows
Rmin for component i in the
distillate. Underwood’s con-
stant, 6, or the root of the
equation, must lie between
the relative volatilities of the
light and heavy keys {aux and
k). The number of compo-
nents is n.

Equation 22 shows the re-
lationship for the feed, where
q is the fraction of feed that is

liguid at the feed tray tem-
perature and pressure. For a
bubble-point feed, g = 1.0,
for a dew-point feed, g = O.

The minimum reflux ratio is
determined from Equation 22
by substituting into Equation
21,

Describing Gilliland’s graph

Many equations have been |

proposed to describe Gilli-
land’s curve for multicompon-
ent distillation. However, the
difficulty with some of these
equations has been in meet-
ing the end conditions of X =
0,Y=1and X =1,Y =0.
A review of the many equa-
tions proposed by these au-
thors is shown in Equations
23-34.

From the equations listed,
McCormick’'s gives a good
agreement in the normal op-
erating range of real towers.
It is, thus, employed in the
program.

The reflux ratio, R, is calcu-
lated as a multiple of the
minimum reflux ratio, Rmin
(Equation 35). The multiplier
FACTOR generally varies
. from 1.2 to about 1.5 for con-
ventional columns, but be-
cause of economic situations,
the range is now between
1.05 to 1.20.

Kirkbride’s feed-plate location

After the minimum number
of stages and the minimum
reflux ratio have been deter-
mined, the number of theo-
retical stages is then calculat-
ed. The ratio of the number of
plates above the feed stage
(including the partial con-
denser) to the number below
the feed stage (including the
reboiler) can be obtained us-
ing Kirkbride’s empirical
equation.®

The equation was devel-
oped on the basis that the
ratio of rectifying trays to

of:

e The fraction of the
heavy-key component (in the
feed) removed in the over-
head

@ The fraction of the light-
key component removed in
the bottoms

® The concentration of the
heavy-key component in the
| overhead

Table 6

Example 3 results

INPUT

Input humber of compenents? 4

Do you want equilibrium constants, Yes/No? N

Input feed and relative volatility of each component 16.0 2.857
30.0 1.297
24.0 1.000
30.0 0.728

Iaput recoveries of light and heavy keys? 0.99 0.99

input position of the heavy key component? 3

input thermal feed condition Q7 1.0

Input factor for the reflux ratio? 1.15

QUTPUT

Htulticomponent systeni fractionation

Rel.

Component Feed volatility Distillate Bottoim,

number moles alpha S Moles %o Moles

1 16.0000 2.8570 100.0000 16.0000 0.0000 0.0000

2 30.0000 1.2970 99.0000 29,7000 1.0000 0.3000

3 24.0000 1.0000 1.0000 0.2406 99.0000 23.7600

4 30.0000 0.7280 0.0000 0.0000 100.0000 30.0000

The heavy key compenent number is: 3

Percenlagé recovery of the light key compengnt

in the distillate is: : 99.00 %

Pereentage reecvery of the bottom key component -

in the bottoms is: 99.00 %

Minimum number of stages is: 353

Total moles in the disfillate is: 459400

Total moles in the bottoms is: 54,0600

Underwgod constant: 1:1231

Minimurmn reflux ratio: 4.3544

Actual reflux ratio: _5.6075

Number of theoretical plates in the columi: 7B.1

The position of the feed plate is: 38.3

Do you want ta print the resulis of the program? Yes/No

stripping trays is a function |

® The concentration of the
light-key component in the
bottoms.

Equation 36 shows the re-
lationship.

Examples

Three examples are used
to show the operation of the
program.

Example 1. The feed to a
butane-pentane splitter of the
composition shown in Table
1 is to be fractionated into a
distillate product containing
95% of the n-butane con-
tained in the feed, and a bot-
toms product containing 95%
of the iso-pentane in the
feed. The reflux ratio for the
fractionation will be 1.3 Ry,
and the column pressure 100
psia at the top plate. The
reflux and feed are at their
bubble-point temperatures.
The feed composition and
equilibrium constanis are
shown in Table 1.

The short-cut method is
used to determine the recov-
eries of the components in
the distillate and bottoms
products, the minimum num-
ber of stages, the minimum
reflux ratio, the actual num-
ber of theoretical plates, and
the location of the feed plate.
The results of the program
execution are shown in Table
2.

Example 2. Propane (LK)
and butadiene (HK) are sep-
arated in the presence of pro-
pylene, butane, and pentane.
The desired recovery of both
keys is 99% at 400 psia.

The feed is liquid at its
bubble-point temperature. If
the reflux ratio for the column

| is 1.37 Ruin, calculate the

feed distribution between the
column distillate and bot-
toms, the minimum number
of stages, the minimum reflux
ratio, the actual number of
stages, and the location of
the feed plate.

Stream compositions are
shown in Table 3, and the
results are shown in Table 4.

Example 3. Determine the
minimum reflux ratio, mini-
mum number of plates, equi-
librium number of plates, and
the location of the feed plate
for the separation of 3-meth-
ylpentene-1, and 2-methyl-
pentene-1 in the presence of
isoprene and 2,3-dimethylbu-
tene-2.

Desired recovery of both
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