Hexanoic and levulinic acids esterification for ethyl and hexyl esters production by using
AICI36H0 as a catalyst

V. D’ Ambrosio, C. Pastore

Water Research Institute (IRSA), National Research Council (CNR), Via F. de Blasio, 5, Bari, 70132, Italy
Keywords: Esterification, Process intensification, Circular economy
Presenting author email: valeria.dambrosio@ba.irsa.cnr.it

The growing awareness of environmental issues directs research and industry towards new green synthetic paths
for obtaining chemicals and biofuels. Hexanoic acid and levulinic acid are platform molecules obtainable from
biomasses that can be used as precursors for the synthesis of interesting compounds for industrial purposes (Cheon
et al., 2014) (Hayes and Becer, 2020). Among them, ethyl hexanoate, an apple-pineapple flavour compound, and
hexyl hexanoate have several applications in food and beverage, cosmetic and pharmaceutical fields (de Barros et
al., 2012; Gawas et al., 2018), the latter also with a potential application as a fuel additive (Fioroni et al., 2019) as
well as ethyl and hexyl levulinate (Joshi et al., 2011; Mortazavi Tabrizi et al., 2019).

The esterification of hexanoic and levulinic acids with alcohols such as ethanol and 1-hexanol, both derivable from
biomasses (Dekishima et al., 2011; Manochio et al., 2017), could represent a completely green synthetic route for
obtaining esters if a green catalyst is used.

This work reports kinetic and thermodynamic studies of the esterification reactions of hexanoic and levulinic acids
with ethanol and 1-hexanol for the production of ethyl and hexyl esters by using AICI36H,0 as a catalyst, which
was chosen for its effectiveness in the catalysis of the esterification reaction, in addition to its reusability (Pastore
etal., 2015).

Reactions were carried out at four different temperatures (318-348 K for reactions with ethanol;338-368 K for
reactions with 1-hexanol), with an acid: ethanol: catalyst 1:1:0,01 molar ratio. Reactions were monitored over time
and rate constants of the backward and forward reactions (k’1, k’2) and thermodynamic parameters (Keq, Ea, AH?,
AS%) were determined, the latter by using Arrhenius and Van’t Hoff equations.

Table 1. Thermodynamic parameters (Keq, Ea, Ea, AH?, AS®) evaluated for the esterification reactions of
levulinic and hexanoic acids with ethanol and 1-hexanol.

Ethanol-Hexanoic acid
Keq Ea (KJ/mol) Eal(KJ/mol) AH (KJ/(mol)  AS (J/(mol*K))
318 K 328 K 338K 348 K
0,8786  1,6403 2,4464  4,1975

61,9 15,01 40,8 127,6

Ethanol-Levulinic acid
Keq Ea (KJ/mol) Eal (KJ/mol) AH (KJ/(mol) AS (J/(mol*K))
318K 328K 338K 348K
2,3459  2,5517 27778  2,8992

56,4 14,2 10,5 40,2

Hexanol-Hexanoic acid

Keq Ea (KJ/mol) Eal(KJ/mol) AH (KJ/(mol) AS (J/(mol*K))
338K 348K 358K 368K
20416 3,723 62858 10,0278 21,7 27,0 54,7 168,1

Hexanol-Levulinic acid
Keq Ea (KJ/mol) Eal (KJ/mol) AH (KJ/(mol)  AS (J/(mol*K))
338K 348K 358 K 368K
4,6947 5,1194 5,9853 6,9504

43,3 29,6 13,7 53,3

All the reactions investigated are slightly endothermic (Table 1); higher conversions were then obtained at the
highest temperature used: conversions of 67% and 76% were determined for hexanoic acid with ethanol and 1-
hexanol, respectively; 63% and 73% for levulinic acid with ethanol and 1-hexanol, respectively.

At the end of each reaction, two phases were observed: the upper phase was constituted mostly by the ester,
followed by the unreacted acid and alcohol and a very small amount of water; the lower phase was constituted by
water and the catalyst, with the latter thus carrying out a process intensification, facilitating the subsequent
purification of the product. To further increase the yields, the use of an alcohol: acid 2:1 molar ratio and the
increase of the amount of the catalyst (up to 10% molar with respect to acid) was investigated.

By using the aforementioned molar ratio between the reactants and an amount of catalyst equal to 10% molar with
respect to the acid, a conversion of the hexanoic acid equal to 95% and 96% was obtained for the reactions with



ethanol and hexanol, respectively. For levulinic acid lower conversions, equal to 85% and 93%, were obtained for
reactions with ethanol and 1-hexanol, respectively. The use of such an amount of catalyst was beneficial for
improving the yield and for reducing the water content in the upper phase, simplifying so the subsequent
purification of the ester. Specifically, regarding the first aspect, a direct proportionality between Keq and the
molar fraction of the catalyst was observed for all the four reactions studied (Figure 1), and it could be associated
with the ability of the catalyst in hindering the backward reaction.
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Figure 1. Relationship between the equilibrium constant (Keq) and the molar fraction of the catalyst (X cat).

Then AICI36H20 has proven to be extremely effective in process intensification. This aspect, together with the
fact that the catalyst could be totally recovered by gravimetric separation of the lower phase and evaporation of
the residual water, could lead to obtaining a practically zero-waste process.
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