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PROCESSINTENSIFICATION FOR THE ETHYL LACTATE
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Introduction

Ethyl lactate is an important organic ester, whihiodegradable, produced by renewable resour@san be
used as food additive, perfumery, flavor chemicatsyent and pharmaceutical preparatnst is a green
solvent and could replace a range of environmentadfing halogenated and toxic solvents (for example:
Nmethylpyrrolidone, toluen&. The conventional way to produce ethyl lactatthésesterification of lactic acid
with ethanol in the presence of an acid catalystoading to the reaction:

Ethanol+ Lactic Acid — ! — Ethyl Lactate+ Water

The conversion of this reaction is limited by theemical equilibrium and in order to obtain highéry lactate
yields it is necessary to shift the reaction tovggetbducts formation.

Multifunctional reactors, where reaction and sepamatake place into a single unit, such as Reactiv
Distillation, Chromatographic Reactors and Pervapjon Membrane Reactors allow, in addition to ohsio
savings in equipment costs, significant improversent process performance for this kind of reactiddg
removing one of the products from the reaction zZaseally water), the equilibrium limitation can beercome
and 100 % conversion can be achieved. The Pervagofdembrane Reactor (PVMR) has been receivingt a |
of attention, being its efficiency demonstratéd for several reversible reactions. However, to enpént the
synthesis of ethyl lactate in a PVMR unit as wellta improve the performance of the overall PVYMRBcgss it
is needed a clear and quantitative understandinthefkinetic reaction and permeation performanceal
previous work! a detailed kinetic study was carried out for tietisesis of ethyl lactate using a heterogeneous
ion exchange resin, Amberlyst 15-wet, as catalyst.

In this work, the effect of feed temperature, feethposition and flow rate on the pervaporation grenfince of
a commercial hydrophilic silica membrane (from Reeech BV) is evaluated by batch experiments (BEsting
different binary mixtures involved in the synthesik ethyl lactate. An integrated pervaporation aptee
membrane reactor is being developed by packinguinéiar membrane with the catalyst, the ion exckamegin
Amberlyst-15wet that acts, also, as selective dusudrto water.

Although the number of works dealing with PVMR hretlast years is significant, most of them use Bfireg
mathematical models to predict the behaviour armptonize the PVMR units. Usually, effects as comcation
and temperature polarization, or temperature drophe pervaporation process are neglected. Howdvese
effects can be very significant on the performaofcthe PVMR under certain working conditions, ahdrefore
will be accounted in a detailed mathematical mddeboth BP and PVMR units. The experimental daith e
compared with simulation results, which are bothdlamental for the PVMR optimization in the prodantiof
the ethyl lactate green solvent.

Results

Binary aqueous mixtures of ethanol, ethyl lactatd &actic acid were dehydrated using a commerdimlas
membrane supplied by Pervatech BV (The Netherlandsjhe temperature range 48 °C to 71 °C, at feed
pressure of 2.2 bar. The effect of feed tempera&mm@ composition on the pervaporation performanes w
evaluated by batch experiments in absence of nnassfér limitations (see Figure 1). The microporsiliga
membranes have high flux and high selectivity fatav, for ethanol and ethyl lactate permeatiommalswhile
lactic acid does not permeate at all. In summadrg,germeances for all species through the micraisosdica
membranes, as a function of temperature and feésl wantent, are described by:

Quemy = 2.36% 10 eX[EZZ.?:lGj (ol /6 Pa)

Qmemb EL:1'99x 109 eXFElO.‘l-RZ_)I(_lé] (nOI /6 rﬁ Pa)
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Figure 1- Influence of feed water mole fraction total permeation flux at different operating temgerres:
a)Water/Ethanol mixtures; b) Water/Ethyl lactatextares.

A mathematical model was developed for the batehigporation membrane, considering (i) plug flow foe
bulk fluid phase; (ii) total feed volume inside tfzenk and retentate velocity inside the membrammatans due

to permeation of components; (iii) concentratiotap@ation, where the resistance due to the di¥isiansport

in the boundary layer is combined with the membregsistance in a global membrane resistance; (v n
isothermal operation due to heat consumption fecigs vaporization; and (v) temperature polariratibhe
batch pervaporation membrane model was validatgbrerentally and, therefore, it was extended to the
integrated pervaporation membrane reactor pack#dtive catalyst Amberlyst-15wet. This model wasdutse
evaluate the performance of the PVMR in both isotiz# and non-isothermal conditions (Figure 2). Hsw
concluded that non-isothermal operation worsensptr@ormance of the PVMR, being even worse than tha
obtained in the fixed bed reactor. In isothermalditions, the PVMR is a very attractive solutioadang to near
lactic acid deplection (98 % conversion) and etagtate purity of 96 %, when operating at 70°C.
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Figure 2- Concentration histories at the PVMR outla) isothermal operation (50°C); b) non-isothedma
operation.
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