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Abstract −−−−−−−− The dynamic modeling of batch dis-
tillation columns frequently leads to a mixed system
of differential and algebraic equations (DAEs) with
differential index greater than one, and this par-
ticular feature has many implications on the resolu-
tion strategy adopted. As the number of stages and
components can be arbitrarily high, those mathe-
matical models can be large scale systems, and the
analysis of the system prior to numerical resolution
can be cumbersome. Additionally, the consistent
initialization step can pose a nontrivial numerical
task. For the numerical resolution of this model it is
employed the computational code under develop-
ment at PEQ/COPPE/UFRJ and DEQUI/UFRGS.
This code employs Automatic Differentiation (AD)
tools to perform index reduction and consistent ini-
tialization with minimum interference of the user.
The resulting consistency system is solved and the
numerical integration of the final index-one DAE is
accomplished by means of the integration code
DASSLC.
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I. INTRODUCTION
Distillation processes are among the most important
technologies for the separation of multicomponent
mixtures. Distillation can be done either in a continuous
operation regime (where the mixture is continuously
supplied and the products are continuously led off) or in
a discontinuous regime – the so-called batch distillation
process – where the apparatus is loaded with the mix-
ture at start-up time and the different fractions are taken
out one by one.

Batch operation is advantageous if: (i) the required
operating capacity of a proposed facility is too small to
permit continuous operation at a practical rate - pumps,
boilers, piping, instrumentation and other auxiliary
equipment generally have a minimum industrial oper-
ating capacity; (ii) the operating requirements of a facil-
ity fluctuates widely in characteristics of feed material
as well as processing rate - batch equipment usually has
considerably more operating flexibility than continuous

equipment. This is the reason for the predominance of
batch equipment for multiple purpose solvent recovery
or pilot plant applications (Henley and Seader, 1981).

The description of a typical batch-distillation col-
umn is conveniently divided into two parts: (1) the start-
up period and (2) the production period. The production
period is that part of the process during which a product
is withdrawn from the column. Necessary adjustments
to bring the column to an operating condition that pro-
duces a distillate with a desired purity are made in the
start-up period (Holland and Liapis, 1983).

The modeling of a batch distillation process gives
rise to systems of coupled differential and algebraic
equations, mostly presenting high index. In this contri-
bution, the numerical resolution of such mathematical
models is addressed. In section §2, the mathematical
model of the start-up phase of a batch distillation col-
umn is presented. In §3 and §4, aspects related to its
numerical resolution are discussed, and the computa-
tional code under development at PEQ/COPPE, in col-
laboration with DEQUI/UFRGS, is briefly described. In
§5, numerical results are presented to prove the ade-
quacy of the proposed approach.

II . MATHEMATICAL MODELING
In this contribution, it is simulated a batch distillation
column with np stages and nc components. A simplified
scheme of the equipment is shown in Fig. 1, where the
stage number 0 represents the condenser and the stage
np+1, the reboiler.

The main assumptions of the model are: (i) the liq-
uid and the vapour leaving a stage are in thermody-
namic equilibrium; (ii) the vapour hold-up is negligible;
(iii) there is no heat loss throughout the column; (iv) the
liquid and vapour phases behave as ideal mixtures; (v)
the pressure on the column is constant.

Mass and energy balances for each stage are repre-
sented by the Eqn. 1 and 2. The Eqn. 3 and 4 represent
the total number of moles of stage i and the chemical
equilibrium relation. Equations 5 and 6 follow from the
assumption of ideal behavior of liquid and vapour
phases. The constraint on the molar fraction summation
is enforced via Eqn. 7, and Eqn. 8 comes from the as-
sumption of constant number of moles at each stage.


