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Abstract−−−−−−−− The main objective of this work is the
optimization of the operating conditions of azeo-
tropic distillation columns in hybrid distilla-
tion/pervaporation systems. In the configuration
analyzed, a liquid side stream extracted from the
azeotropic distillation column with the distributing
non-key component is treated in a pervaporation
membrane while the retentate is recycled to the col-
umn. The pervaporation membrane separates the
pure distributing non-key component from the mix-
ture, thus helping to improve the purity in the top
and/or bottom products of the distillation column.
The case study shows the hybrid process of a distilla-
tion column combined with pervaporation mem-
branes, compared to the classical two-column proc-
ess for Methyl tert-Butyl Ether production. In both
cases, the operating conditions of the distillation col-
umns such as reflux ratio, product and side draw
flowrates are selected optimally. The numerical re-
sults show a significant reduction in operating cost
obtained by using a pervaporation membrane in-
stead of the second column in the original process.
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I. INTRODUCTION

Hybrid membrane systems can be successfully applied
to debottlenecking and azeotrope breaking problems.
Pervaporation is an interesting membrane separation
alternative, because it is generally less energy consum-
ing than distillation. It is not influenced by the equilib-
rium between components, making azeotrope breaking
easier than using a sequence of distillation columns. The
separation is based on a selective transport through a
dense layer associated with the evaporation of the per-
meants. This phase changing is usually obtained by
lowering the partial pressure of the permeants at the
downstream side of the membranes to vacuum pressure.

Recent patents propose hybrid distilla-
tion/pervaporation technologies for azeotrope breaking
processes involving the separation of alcohols and
ethers (Chen et al., 1988, Chen et al., 1989) applied to
the MTBE process, replacing the Hüls process. The per-
vaporation membrane used shows high flux and high

selectivity to the permeation of methanol, effectively
breaking the azeotrope methanol-MTBE. The process
called "Total Recovery Improvement for MTBE" or
TRIM™ is a combination of an organophilic pervapo-
ration membrane and distillation, using two different
layouts. The integration of the TRIM™ process to an
existing one would be attractive if the production could
be increased by 5%.

Lipnizki et al. (1999) presented an extensive review
of pervaporation-based hybrid processes, focusing on
industrial applications and pointing out the need of op-
timization of some of the processes analyzed. One of the
fields where there is need of optimization is the distilla-
tion/pervaporation hybrid process.

Hömmerich and Rautenbach (1998) studied the inte-
gration of pervaporation and vapor permeation into the
Hüls process, analyzing the influence of the operating
conditions in a hybrid distillation-pervaporation-vapor
permeation system for the Methyl tert-Butyl Ether
(MTBE) production.

González and Ortiz (2001a) carried out experimental
work to find the parameters for modeling the pervapo-
ration membrane to separate methanol and MTBE, and
an approach to define a hybrid process distilla-
tion/pervaporation based on the Hüls process. González
and Ortiz (2001b) simulated the hybrid distilla-
tion/pervaporation process using gPROMS (PSEnter-
prises, 2000). Different operating conditions were ex-
plored by simulation performing a cost analysis.

However, the formal optimization of the debutanizer
column with a pervaporation membrane to treat the side
stream has not been attempted previously. In this work,
the optimum operating conditions such as reflux ratio
and product flow rates are calculated solving an optimi-
zation problem to minimize the operating cost.

II. HYBRID
DISTILLATION/PERVAPORATION PROCESS

This work was motivated by the possibility of revamp-
ing the Methyl tert-butyl ether (MTBE) sector of a re-
finery. The production process of Methyl tert-butyl
ether (Figure 1), which is used as a high octane fuel
additive, consists of a reaction sector where i-C4H10 is
combined with methanol to form the ether, and a sepa-
ration sector where all the MTBE must be separated


