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BACKGROUND and OBJECTIVE

OZONOLYSIS OF DOUBLE BONDS [1,2]

RESULTS

CONCLUSIONS

As part of an evaluation of the commercial viability of the ozonolysis of 
unsaturated vegetable oils, the intermediates and products formed from the 
ozonolysis of canola oil using different protic and aprotic solvents and solvent 
mixtures were systematically studied.  Correlations between the ozonolysis
time, the product yields and the heat released during ozonolysis were 
observed.  These findings have implications for the scale-up of batch 
processes  for the ozonolysis of vegetable oils. 

The overall objective of this study was to to find a potential solvent or 
combination of solvents for use in the ozonolysis of canola oil, that results in 
a high yield of intermediate aldehydes.  These aldehydes are ultimately 
valuable in the formation of polyols (for polyurethanes) and other thermoset
resins (for example, formaldehydes).
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A. Cycloaddition B. 1,2,3-trioxolane    C. Cycloreversion
(unstable)                 (decomposition)    

D. Re-cycloaddition E. 1,2,4-trioxolane
(more stable)
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Oleic acid ≈ 62 %

Linoleic acid ≈ 22 %

Linolenic acid ≈ 10 %

GENERAL STRUCTURE OF CANOLA OIL TAG

Saturates (mostly steric and palmitic acids) and others ≈ 8 %

EXPECTED PRODUCTS OF OZONOLYSIS

From oleic acid → C9 primary aldehyde on TAG + C9 light aldehyde (nonanal)

From linoleic acid → C9 primary aldehyde on TAG + C6 and C3 light aldehyde 
(hexanal and 1,3-propanedial)

From linolenic acid → C9 primary aldehyde on TAG + 2 C3 light aldehyde 
(1,3-propanedial) and propanal 

Due to the ozone attack of the primary products of ozonolysis the 
respective secondary carboxylic acids also to be expected

1. Ethyl acetate as a solvent : 
 Canola oil is soluble in ethyl acetate
 High amount of carboxylic acids formed in early stages

Oligomerization of ozonolysis products
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2. Methanol as a solvent : 
 Low yield of carboxylic acids 

No oligomers  
 Formation of methyl esters (ie. methyl nonanoate)

Limited solubility of canola oil at initial stages
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3. Ethanol as a solvent : 
 Low yield of carboxylic acids 

No oligomers  
 Formation of ethyl esters (ie. ethyl nonanoate)

Limited solubility of canola oil at initial stages
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Comparable yield of products with the system using methanol as a solvent

4. Ethyl acetate/methanol mixture (9:1) as a solvent : 
 Increased yield of aldehydes

Very low carboxylic acid until 50 min of ozonolysis
No oligomers

 Presence of methyl esters (ie. methyl nonanoate)

5. Ethyl acetate/ethanol mixture (9:1) as a solvent : 
 Increased yield of aldehydes

Very low carboxylic acid till 50 min of ozonolysis
No oligomers

 Presence of ethyl esters (ie. ethyl nonanoate)

The choice of solvent has a significant impact on the yields and types of ozonolysis products.

The most appropriate solvent for the ozonolysis of canola oil or other vegetable oils was found to be a 
mixture of aprotic and protic solvents, where the oil is fully soluble in the former solvent and the 
intermediates are reactive toward the latter one.

In all experiments (regardless of solvent used) 50 min of ozonolysis 
time was found to be the critical time for the ozonolysis process
at which all of the double bonds of canola oil have been  cleaved. 
This result has also been confirmed by direct measurements 
of double bond loss by 1H NMR experiments 
(e.g. the figure on the right shows the 1H NMR data as a
function of ozonolysis time for canola oil in ethyl acetate).

Thus, monitoring the reaction by GC-FID and SEC-RI provides reliable complimentary information on 
completeness of ozonolysis process.
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OZONOLYSIS OF CANOLA OIL: 
A STUDY OF PRODUCT YIELDS AND OZONOLYSIS KINETICS

Tools used for the analysis of ozonolysis products:  GC-FID, SEC-RI, 1H NMR

The Ozonolysis of Canola Oil as a Function of Solvent and Reaction Time


