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Abstract 
The reaction of ethylene oxide hydration proceeds under acid and basic catalysis. Using of 
heterogeneous catalysts allows to adjust the length of the chain. The kinetics of the selective 
hydration of ethylene oxide in aqueous solution in the presence of layered double hydroxides as 
heterogeneous catalysts was studied.  It was shown that the molecular weight distribution of the 
reaction products depends on the concentration of active sites on the catalyst surface as well as 
the inner structure of the catalysts.
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1. Introduction
The hydration of ethylene oxide is the basis of the industrial 

method of ethylene glycol production. The hydration reaction 
proceeds as a series-parallel route, which leads to the formation 
of glycol homologue derivatives:

 i.t.d.    (1)
where k0, k1, k2. are the rate constants of  consecutive steps.

The reaction (1) proceeds under acidic, basic and nucleophilic 
catalytic conditions [1-2]; at temperatures above 120 °C it 
proceeds at a fairly high rate and in the absence of catalysts.

Currently, in industry ethylene glycol is produced by a non-
catalytic reaction via adjusting the product composition by the 
ratio of ethylene oxide - water in the initial mixture.

Since the ratio of the rate constants of successive stages of the 
reaction (1) is unfavorable towards the formation of ethylene 
glycol – the distribution coefficient for the non-catalytic 
reaction b=k1/k0 according to various sources is 1.9-2.8 [3-4] 
– a 15-20-fold molar (or 6-9-fold mass) excess of water relative 
to ethylene oxide is employed.

One of the options to raise the selectivity of the ethylene glycol 
formation and, consequently, reduce the amount of excess water 
is to use catalysts that accelerate only the first stage of reaction (1).

The kinetics and reaction mechanism of α-oxide hydration 
under homogeneous catalysis with salts have been studied in detail.

Amine compounds were investigated for catalytic hydration of 
ethylene oxide to monoethylene glycol. A good correlation between 
catalyst performance and its acidity/basicity was established. 
While both strong acidic and basic catalyst accelerate reaction 
rate they are not selective toward monoethylene glycol formation. 

Selective hydration of ethylene oxide by inorganic salt system as 
homogeneous catalysts was studied. The highest monoethylene 
glycol selectivity was obtained with 99 % conversion of ethylene 
oxide, even at low water/ethylene oxide ration. 

The kinetics of selective hydration of ethylene and propylene oxides 
in concentrated aqueous solutions is studied during homogeneous 
catalysis by sodium bicarbonate. The mathematical model of the 
process with determined parameters adequately describing the rate 
of the reaction and products distribution is developed. [3-5].

The goal of the present work was to study the kinetics of the 
hydration reaction of ethylene oxide in the presence of layered 
double hydroxides (LDH) [6].

2. Materials and methods 
LDHs were prepared by adding Mg(NO3)2·6H2O and 

Al(NO3)3·9H2O in de-ionized water. After complete dissolution, 
the above solution was added dropwise to a vigorously stirred 
Na2CO3 solution in the de-ionized water. Freshly prepared 
1 M NaOH solution was then added dropwise to the above 
solution to maintain constant pH of 11. The resultant gel was 
aged by stirring at 85 °C for 24 hours. The precipitate was then 
separated from the solution by centrifugation, washed several 
times with de-ionized water and dried in vacuum. All these 
reactions were carried out in an inert atmosphere. 

X-ray diffraction patterns revealed that well-crystallized 
hydrotalcite-like compounds were obtained and no other 
phase was identified. The X-ray diffraction for these samples 
typically consist of anionic clay having molecular formula 
Mg6Al2(OH)16CO3.  
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