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Tutorial 3

Use Aspen Plus V8.8 to solve all the problems.

Problem-1: Shortcut Distillation Calculation: DSTWU

An equimolar mixture of benzene and toluene is to be separated by distillation
to produce a distillate containing 90 mol% benzene and a bottom product that
contains 89% toluene. The distillation column is to operate at 1 atm pressure and
the feed to column is a saturated liquid. Use the DSTWU programme and the
NRTL model to estimate:
a.the minimum reflux ration and the minimum number of stages to accomplish
the separation.



b. the actual number of stages and the location of the feed stage if the
column is operated at 1.2 times the minimum reflux ratio.

Problem-2: Rigorous Distillation Calculations: RadFrac
An equimolar mixture of benzene and toluene is to be separated by distillation to produce a

distillate containing 90 mol% benzene and a bottom product that contains 98% toluene. The
distillation column is to operate at 1 atm pressure and the feed to the column is a saturated
liquid. Use the RADFRAC programme and the NRTL model to estimate

a. the minimum reflux ratio and the minimum number of stages to accomplish the separation;



b. the actual number of stages and the location of the feed stage if the column is operated at

1.2 times the minimum reflux ratio.



Problem 1



DSTWU

 DSTWU performs shortcut design calculations for single-feed, two-product distillation columns
with a partial or total condenser.

« DSTWU assumes constant molar overflow and constant relative volatilities.

DSTWU uses this To estimate

method/correlation

Winn Minimum number of stages and optimum feed location at total reflux
Underwood Minimum reflux ratio

Gilliland Required reflux ratio and optimum feed location for the specified number of

stages, or the required number of stages and optimum feed location for the

specified reflux ratio




For the specified recovery of light and heavy key components, DSTWU estimates:
*Minimum reflux ratio

*Minimum number of theoretical stages

DSTWU then estimates one of the following:
*Required reflux ratio for the specified number of theoretical stages

*Required number of theoretical stages for the specified reflux ratio

DSTWU also estimates the optimum feed stage location & the condenser & reboiler duties.

DSTWU can produce tables and plots of reflux ratio versus number of stages.
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Problem 2



A Rigorous Distillation Calculation:
RadFrac



RadFrac is a rigorous model for simulating all types of multistage vapour-liquid fractionation operations.
These operations include:

* Ordinary distillation

* Absorption

* Reboiled absorption

* Stripping

* Reboiled stripping

» Extractive and azeotropic distillation



RadFrac is suitable for:

*Two-phase systems

*Three-phase systems (only in equilibrium mode)
*Narrow and wide-boiling systems

*Systems exhibiting strong liquid phase nonideality
RadFrac can handle solids on every stage.

RadFrac can handle pumparounds leaving any stage & returning to the same stage or to a different stage.

RadFrac can model columns in which chemical reactions are occurring. Reactions can
have fixed conversions, or they can be:

*Equilibrium
*Rate-controlled
*Electrolytic



RadFrac (in equilibrium mode) can also model columns in which two liquid phases and chemical reactions
occur simultaneously, using different reaction kinetics for the two liquid phases. In addition, RadFrac (in

equilibrium mode) can model salt precipitation.

In equilibrium mode, RadFrac assumes equilibrium stages, but you can specify either Murphree or

vaporization efficiencies. You can manipulate Murphree efficiencies to match plant performance.

In rate-based mode, RadFrac uses rate-based non-equilibrium calculations to model actual tray and packed
columns, based on the underlying mass and heat transfer processes, and does not use empirical factors such

as efficiencies and the Height Equivalent to a Theoretical Plate (HETP).

You can use RadFrac to size and rate columns consisting of trays and/or packings. RadFrac can model both

random and structured packings.
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We have found three column designs that meet the required composition specifications.

Their parameters are shown in the following table:

Reflux ratio 1.14 1.2 3
No. of stages 16 15 11
Feed stage 7 7 5
Reboiler heat duty (cal/sec) 2414 2482 4490
condenser heat duty (cal/sec) 2393 2461 4468




Summary

In a similar fashion, we can find other choices of column parameters that would meet the composition specifications.
So the question is which one of the many possible configurations should be used. To answer that question, one has to
bring other factors. If costs were the only consideration, then there would be a trade-off between capital costs and

operating (heat and cooling) costs.

From the table above, we can see that as the reflux ratio increases, the number of stages (and therefore column height)
decreases, thereby reducing that part of the capital cost. However, the vapor and liquid flow rates increase, so a larger
diameter column is needed, which increases the capital cost. Also as the reflux ratio increases, the amount of liquid
per unit of product that needs to be boiled in the reboiler increases, as does the amount of vapor that needs to be
condensed. These increase the capital costs of these two heat exchangers, and more importantly the ongoing energy

costs of both units. [Note that increasing the reflux ratio to 3 from 1.25 almost doubled the energy requirements.]

In next Tutorial, we will Perform the steady-state economic optimization of the distillation column based on

total annual cost (TAC).



THE END



