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ABSTRACT

In recent years, pervaporation has been investigated rigorously for separation of thiophene
and its derivatives from the fluid catalytic cracker (FCC) gasoline. However, most of the the
earlier experimental studies on sulfur removal from FCC gasoline were carried out on
membrane test cells containing a small patch of membranes. Industrial scale membrane based
operations require membrane modules for accommodating larger membrane area. However in
membrane modules, different process variables vary enough along the flow channels. Thus,

the performance of the module differs from that membrane test cell at a local point.

Spiral wound and hollow fiber modules are most suitable for desulfurization operation due to
high packing density, thus, both module geometries are investigated in this study.
Furthermore, the focus of the study is on removal of thiophenes compounds, which are most
difficult to remove by other traditional processes. This work is focused on development of
suitable mathematical models for predicting the performance of the modules for removal of
the sulfur containing species, validating the mathematical model with the experimental
results, and analysing the effects of changing operating conditions, module dimensions, and

feed compositions.

For theoretically predicting the performance of the modules, suitable mathematical models
are obtained by making the microscopic material, energy, and momentum balances along the
length of the module. These balances are further coupled to the membrane transport model
for determining the local fluxes across the membrane. However, for a membrane test cell,

only membrane transport model is required.

First, experiments are carried out with a spiral wound module with different model FCC
gasoline at a verity of operating conditions. Values of parameters, such as permeance

coefficients, boundary layer resistance parameters on the feed side, and friction factor



parameters on permeate side are unknown. The values of these parameters are determined by
using a numerical parameter estimation technique. Later following this procedure, the model
predictions are compared with the experimental results for validating the mathematical
model. The model predictions showed good agreement with the experiment results for

different model gasoline.

The mathematical model developed for hollow fiber modules could not be validated due to
unavailability of the experimental results. However, tubular pervaporation membrane
modules are commercially available. Since tubular and hollow fiber modules have similar
geometry, the same mathematical model can be used for the tubular module. Thus, the
experiments were conducted on a tubular membrane module with n-heptane/ thiophene
binary system for validating the mathematical model for both hollow fiber and tubular

modules.

Parameter estimation results with different binary systems show that the mass transport
properties of the membrane for thiophene are affected by other hydrocarbon species present
in the feed. While the mass transport properties of the membrane for other hydrocarbons are

not affected by thiophene, as the concentration of thiophene is quite low in the FCC gasoline.

Results suggest that operating conditions have a profound effect on the performance of the
module. In particular, the module performance may be improved with higher permeate

pressures and lower feed temperatures.

Effects of the variations of different module dimensions are also analyzed. For spiral wound
module, lower module area, and a higher number of leaves improves the module
performance. However, the values of L/W are recommended in the range from 1 to 2.

Similarly, for hollow fiber modules, lower membrane area, higher shell porosity, lower length



to diameter ratio of the shell, and higher fiber diameter give better results. The performance

of co-current and counter-current hollow fiber modules are found to be nearly same.

Results also show that the thiophene (C4H4S) removal from different binary mixtures may be
sorted out based on the type of hydrocarbon species present in the binary mixtures as linear
alkane > alkene > branched alkane > aromatic compounds. Experimental results and model
predictions further show that PDMS membranes are also selective for both thiols and

sulfides.

Results for a ternary mixture show that the same mathematical model may also be used for
predictions of the module performance by assuming the ternary mixture to be equivalent to a
binary mixture of two species: first is thiophene, and the second species is a pseudo-species,
having the average physical properties of two other hydrocarbons present in the ternary
mixture. The same approach may be extended to a multicomponent feed of a real FCC
gasoline, containing a variety of hydrocarbons and sulfur-containing compounds. This
approach may provide sufficiently accurate predictions with much lesser efforts in

comparison to more rigorous, and much more tedious, multicomponent modeling.

Finally, the performance of a pervaporation process was simulated by using a number of
spiral wound modules in series. These simulations demonstrated that the pervaporation might

successfully remove thiophene from FCC gasoline up to any desired limit.
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