ABSTRACT

| fn this thesis experimental and theoretical investigations have been made

néé}-’ning both batch azeotropic and extractive distillation colummns. The

| etailed dynamic modeling, simulation and optimization are made for both

. o})erftti()l-t.s'. _

” The experimental work was done by using batch distillation column

" containing 10 bubble cup frays to study both batch azeotropic and batch
extractive distilfation. Ethanol - water mixture used in both operations, but
benzene was used as « solvent for batch azeotropic distillation, and eﬂnlene
glycol was used for bateh extrac tive distillation,

Experimental work includes studying the effect of reflux ratio heat duty
and feed composition on the behavior of bateh azeotropic distillation colunn.
It covers studying the effect of re ﬂu.\ rm‘m solvent to vapor ram) (E/ V) Seed
composition on the beliavior of batch exrmcttve distillation co!mrm

A range of reflux ratio was studied Sfor both operations, 1 to 4 for baich
azeotropic distillation and 0.5 to 1.5 for batch extractive distillation. Also the
studied range of initial ethanel molar composttion was $0% to 80% for batch

__@zeotropic distitlation and 70% to 89% for batch extractive distillation.

The experimental boiling points were compared with that predicted from
the liquid phase activity coefficient models such as Wilson, NRTL, UNIFAC,
UNIQUAC but the NRTL method was Jound as appropriate model for
ethanol-water-benzene system, while Wilson model Jor ethanol-water-ethylene
glycol system. The residue curve mrap then plotted for two used systems.

A dynamic model was developed to study the behavior of multicomponent
hon ideal mixture in both batch azeotropic and bateh extractive distillation.
The columpn model composed of the MESH (material balance, heat balance,

e
quilibrium, sym of mole fractions) equations. The set of nonlinear ordinary

~differentigq equuations governing the unsteady state composition profile in a
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gﬂvﬂ[”e integration methods. Both integration methods were found to give
'&m'e results, but the eigenvalue method takes simulation time as 10% of
e taken by Runge-Kutta integration method.
The calculations and simulations in this thesis were obtained by using
; MAVTLA B environment, version 6.0. Plate compositions were calculated by
- integration component material balance equations simultancously. Newton’s
',algorithm was used to calculate the actual plate temperature on cach tray.
Total material balance and heat balance equations were used to prediet the
vapor and liquid flowrates throughout the colionn.

The step time was adjusted to give mininuun error, without any
instability. The step time was 3 sec for batcl azeotropic distiliation and 10 sec
Sor batch extractive distillation. Also the volatifity and plysical pmpcrtie.x were
calculated at every step time. The compositions and temperatire were
calculated in each Sf‘age._ The initial stilf composition was adjusted accosrd‘iz_z-g
to the residue curve map.

This model shows good agrcen)ent‘ with e.\'pcrim.ent‘al results and explains
Sfeatures .()f the non-ideal butch distillation process. Ii ean be emploved to
simulate the batch distillation operation as a function of time, and can be used

" 1o determine the following as « function of time:

* distillate product composition

* bottoms product composition

* Stage by stage composition profile

* Stage by stage flow profile

® Condenser, stuges and reboiler holdup

condenser, stuges and reboiler femperatures
Finally nonlinear optimization technique applied to optimize both

sys , . : :
Pstems depending on increasing the ethanol recovery and reducing batch

time, . . .
&  The reflux ratio was Sound to be the most effective variable on

: Plimizatio
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