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REACTIVE DISTILLATION

This thesis aims to study a combined process of counter-current extraction and
reactive distillation for recovery and purification of lactic acid from fermentation broth.
Research work in the thesis is divided into four parts. The first part is the study of
extraction of lactic acid with 1-butanol at room temperature using counter-current
packed liquid-liquid extraction column. Sauter mean drop diameter (ds2) was used to
evaluate the mean dop size in the extraction and correlation of ds, was investigated.
The results showed that ds» decreased with increasing dispersed phase flow rate (Qd)
and decreasing nozzle diameter (Dn), resulting in increasing dispersed phase mass
transfer coefficient. An increase in continuous phase flow rate (Qc) affected increasing
drop size, due to the coalescence of drops, resulting in reducing dispersed phase mass
transfer coefficient.

The second part is the synthesis and use of aluminum alginate as a solid catalyst
for esterification of lactic acid with 1-butanol. Characteristics of the prepared catalyst
were studied. It was found that aluminum alginate has low crystallinity, wrinkle surface
and likely create strong Lewis acid sites for esterification. However, it was found that
the prepared catalyst was of low thermal stability. Catalytic activity of aluminum

alginate in esterification of lactic acid was investigated and found to be higher than the



commercial catalyst, Amberlyst-15, under the same reaction conditions. In addition, it
was observed that Langmuir-Hinshelwood model was able to describe the kinetic
model of this reaction with small value of mean relative deviation (MRD).

The third part of this thesis studied esterification of lactic acid with 1-butanol
using aluminum alginate and hydrolysis of n-butyl lactate into lactic acid using
Amberlyst-15 as solid catalyst in a semi-batch reactive distillation column. The results
showed that lactic acid conversion and yield of n-butyl lactate of esterification
increased with increasing reflux ratio. Catalyst loading did not have significant effect
on value of both parameters while increasing the feed flow rate affects decreasing
conversion and yield. For the hydrolysis of n-butyl lactate, the conversion and yield
were found to increased with increasing catalyst loading while effect of feed flow rate
and reflux ratio was similar to that in esterification. In addition, it was found that the
purity of lactic acid decreased with increasing pressure, feed flow rate and reflux ratio.

In the final part, experimental data from the previous part were use to design
the combined counter-current extraction and reactive distillation. The process was
simulated and economically evaluated using Aspen HYSYS V10 and Aspen Process
Economic Analyzer. Efficiency of two process operations with no-recovery (Process
A) and recovery (Precess B) of 1-butanol was studied and compared at annual capacity
of 10,000 tons/year with purity of 99.99%w/w lactic acid. The results showed that the
overall recovery of lactic acid obtained from Process A and B equals to 91.19 and

96.57% with production cost at 1.67 and 0.90 USD/kg of lactic acid, respectively.
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