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Abstract Catalytic batch oxidation of docosanol 

to docosanoic acid and tetracosanol to tetracosanoic 
acid was performed using hydrogen peroxide as oxi-
dant and a functionalized ionic liquid composed of 
an Aliquat® cation and a peroxotungstophosphate 
anion acting as catalyst.   

Conversion of 76% and selectivity of 60.2% were 
obtained after 6 hours for docosanol oxidation at op-
timal operational conditions (temperature of 90ºC; 
total-H2O2/alcohol molar ratio = 3; alcohol/catalyst 
mass ratio = 300).  In the case of tetracosanol oxida-
tion 85% conversion and 68% selectivity were 
reached in the same time interval at optimal opera-
tional conditions (temperature of 90ºC; total- H2O2/ 
alcohol molar ratio = 5; alcohol/final-catalyst mass 
ratio = 50).  In both cases the oxidant and the cata-
lyst were continuously added throughout the reac-
tion time, thus enabling continuous reaction perfor-
mance.  

The batch results obtained in this study confirm 
the technical feasibility of operating a process to 
produce both these high molecular acids from alco-
hols as renewable raw materials. 
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I. INTRODUCTION 
Traces of docosanoic and tetracosanoic acid are found 
in vegetable oils from different sources, reaching a max-
imum content of 1% in peanut oil (Beare-Rogers et al., 
2001) and in peanut hulls (Lee, 2008). Docosanoic acid 
has natural humectants and smoothing properties that 
are therefore of particular interest to the cosmetics and 
pharmaceutical industry, as indicated by US agricultural 
department research (Lee, 2008; Coupland and Smith, 
1989).  The use of docosanoic acid (a 22 carbon chain 
acid) in cosmetic applications has been seen extensively 
due to its commercial availability (Lee, 2008).  On the 
other hand, tetracosanol is not produced on an industrial 
scale at the present, and the natural sources from which 
it could be extracted have a high added value them-
selves, therefore extraction is not cost effective.  Among 
the renewable sources of tetracosanol we can find: the 
red sandalwood tree (Adenanthera pavonina), for which 
concentration can reach a maximum of 25% (Markley, 
1960), carnauba wax (average content of 30%) and rice 
bran wax (average content of 40%) (Markley, 1960; 
Beare-Rogers et al., 2001). 

Catalytic oxidation of alcohol has been studied to 
obtain these valuable types of acid (Venturello and 
Gambaro, 1991; Bortolini et al., 1986; Bi et al., 2001; 
Kan et al., 2001; Hong et al., 2004).  This synthetic 
route could be of industrial interest as it involves the use 
of potentially renewable and widely available natural 
resources in the form of long chain alcohols such as wax 
from sugar cane, aliphatic alcohols from tail oils, and 
mixed synthetic alcohols generated in the oxidation of 
paraffin (Guajardo, 2007; Markovits et al., 2009). 

The present paper deals with the study of the oxida-
tion of both docosanol and tetracosanol, using a 
peroxotungstate functional group of an Ionic Liquid as 
catalyst. 
 The reaction medium includes the alcoholic sub-
strate (alcoholic phase) and an aqueous phase contain-
ing the oxidant (hydrogen peroxide).  The catalyst acts 
as active oxygen transfer between the two phases of the 
reaction system.  In this case the catalyst belongs to the 
family of ionic liquids, a family of low temperature 
molten salts which offer properties (particularly low va-
por pressure and high oxidative resistance) that allow 
efficient separation and recycling of the catalyst when 
working in highly oxidative aqueous media.  
 These and other tunable properties of ionic liquids 
solvents render them a key operative factor for many 
industrial applications (Plechkova and Seddon, 2008). 

II.  MATERIALS AND METHODS 
A. Chemical reagents 
The following reagents were used as purchased without 
further purification: Sodium sulphate from Scharlau 
(code SO0665), Phosphoric acid, dichloromethane and 
hydrogen peroxide from Merck (codes 815058, 106051 
and 386790 respectively), Docosanol (95%) from Sasol 
and docosanoic acid (98%) from Aldrich, Sodium tung-
state dihydrate (Na2WO4*2H2O), 
methyltricaprylammonium chloride {(C8H17)3CH3N

+ Cl-

} (Aliquat 336), phosphotungstenic acid (PTA) 
(H3PW12O40), tungstosilisic acid (H4SiW12O40), and 
tetrabutylammonium hexafluorophosphate (TBA) from 
Sigma. 

B. Reactor set-up 
The oxidation tests were carried out in a batch mode, 
using a thermostated reactor (Ika Eurosta, maximum 
volume of 2 liters), with mechanical stirring and in va-
por reflux mode.  The reactor was first loaded with the 
alcohol (docosanol or tetracosanol) followed by the ad-
dition of the aqueous phase containing the catalyst, thus 
forming a two phase system.  The reaction starts with 
the addition of the oxidant drop by drop. The reaction 




