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Highlights
e Aninnovativeintensified reactive extraction process is proposed.
e lonic liquid [BMIm][HSO4] and deep eutectic solvent as dual catalyst and solvent are used.
e Formation of isobutylisobutyrate is taken as example.
e LLE andreactive extraction process performance are determined experimentally.

1. Introduction

Long-chain esters are widely applied as solvent, additive and raw materials. For instance, isobutyl
isobutyrate (IBIBE), one of long-chain esters formed by fatty acids and alcohols, is an important additive and
intermediate in the food and pharmaceutical industries. IBIBE is conventionally synthesized by the Fischer
esterification of isobutyric acid (IBAc) with isobutanol (IBOH).[!! However, this traditional process suffers
from problems of recycling liquid catalyst hydrogen sulfate, severe corrosion due to the strong acidity of
catalyst, and produced acidic waste.?3! In addition, esterification is an equilibrium-limited reaction; the
unconverted reactants will come out with the product. Due to the complex thermodynamics of the reaction
system, azeotropes of {IBAc + IBIBE}, {IBIBE + H,0}, {IBOH + IBE +H,0} and liquid phase splitting can
be generated, which makes it very difficult to separate the reaction mixture effectively by employing an
ordinary distillation. To address these serious problems, an innovative intensified reactive extraction process
employing ionic liquids (ILs) as dual catalyst and solvent is proposed in this work.

2. Method

The proposed reactive extraction process with dual catalyst and solvent is illustrated in Fig. 1. As long-
chain esters are not miscible with water, they will split into the IL phase and ester phase once formed by
chemical reaction, which can remove water and ester simultaneously with IL as solvent. The proposed new
concept makes full use of thermodynamic features of the esterification system, thus the conversion
significantly enhanced by the integration of reaction and extraction. [BMImM][HSO,], one of the typical
Brensted acidic ILs with easy commercial access, is employed for IBIBE formation.
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) I_:ig. 1 Long-chain ester formation intensified by _reactive extraction.
All experiments of LLE, kinetics and extraction process were carried out. Samples from the IL phase (lower

layer) and ester phase (upper layer) were analyzed by a gas chromatograph equipped with a flame ionization
detector and a PEG-20 M column using an internal standard method where decane was the internal standard
substance.
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3. Results and discussion

Considering the forward reaction between IBAc and IBOH and reverse reaction between IBIBE and H,0, the
thermodynamics properties of this reactive extraction process using ternary systems involving no reaction
and quinary system which reaches both chemical and physical equilibrium are syudied.
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Fig. 2. Experimental and calculated LLE data for the ternary systems

From Fig. 2, IBIBE and IL are almost immiscible, indicating that [BMIm][HSO,] is a proper extractant to
remove IBIBE from the system by phase splitting. With the comparison of phase region, the solubility of
IBOH in IL is higher than IBAc, suggesting that it is important to select a proper reactant ratio. All the
obtained LLE data of the ternary and quinary systems were correlated by the NRTL model. NRTL model can
predict LLE of the ester system, and it can be used for the activity-based reaction kinetics.

Based on the proposed reactive extraction process with ionic liquid as dual catalyst and solvent, the process
parameters are optimized as following: T = 353.15 K, IBAc/IBOH = 1:1 (mol), IL dosage = 20 wt%, the
overall conversion of IBAc can reach 99.7% and the purity of ester can be as high as 98.6%, which can be
further enhanced by downstream separation.

In addition, deep eutectic solvent formed by imidazolium and PTSA is also analyzed as dual catalyst and
solvent for IBIB formation, which demonstrates very promising intensification effect for long chain ester
formation by using reactive extraction process.

4. Conclusions

lonic liquid [BMIm][HSO,] and deep eutectic solvent formed by imidazolium and PTSA are used as dual
solvent and catalyst for the long-chain ester formation. LLE data for isobutyl isobutyrate systems were
determined experimentally and fitted by the NRTL model. The effect of IL dosage, reaction temperature and
reactant molar ratio on the reaction have been studied. An intensified reactive extraction process for isobutyl
isobutyrate formation was proposed and experimentally validated. The proposed reactive extraction concept
are applicable for general long-chain ester formation.
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