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The present invention relates to a new continuous 

industrial manufacturing process for an aqueous solution of 

glyoxylic acid. 

It has been known for a long time how to prepare aqueous 

5 solutions of glyoxylic acid by nitric oxidation of aqueous 

solutions of glyoxal (French Patent No.s 1,326,605, 

2,372,141, 2,516,506, German Patent No.s 932,369, 933,987, 

1,002,309, Japanese Patent No.s 73-103517, 76-29441, 76-

80821, 77-105121, 80-129240 and East German Patent No. 

10 128' 233) . 

All these processes are achieved using nitric ·acid, in 

the optional presence either of a strong mineral acid, such 

as hydrochloric acid (FR 2,516,506 and JP Kokai 73-103517), 

or of a soluble cobalt salt (DD 128233), or finally of 

15 molecular oxygen (JP Kokai 76-2944·1, 76-80821, 77-105121, 82-

55698, 80-129240) and they provide aqueous solutions of 

glyoxylic acid containing, in addition to residual glyoxal 

and nitric acid, relatively ~arge quantities of nitrogen 

oxides and oxalic acid which_ must be eliminated by subsequent 

20 laborious treatments (cf. in particular French Patent No. s 

2,297,830 and 2,552,426). 

The presence of residual glyoxal and nitric acid is 

particularly inconvenient, therefore their· elimination must 

be carried out in such a way as to obtain a residual molar 

0 25 concentration of glyoxal of less than 2% relative to 

glyoxylic acid and a molar concentration of nitric acid of 

less than 0.05·% relative to glyoxylic acid. 

French Patent No. 2,516,506 teaches an oxidation process 

for aqueous solutions of glyoxal in an aqueous solution of 

30 glyoxylic acid using an oxidizing agent obtained from nitric 

acid and a non-oxidizing strong acid present at a 

concentration by weight of 6 to 40% in the reaction mixture. 

The aqueous solutions o~ glyoxylic acid resulting from 

this process have the advantage of presenting weak residual 

35 concentrations of nitric acid. However, they do not respond 

totally to the demands of the market due to their excessive 

concentrations of glyoxal. 

Now, the Applicant has discovered a new industrial 
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manufacturing process for an aqueous solution of glyoxylic 

acid obviating these disadvantages . 

. The process according to the present invention which 

consists of subjecting an aqueous solution of glyoxal to a 

5 nitric oxidation in the presence of hydrochloric acid is 

characterized in that it is carried out continuously in a 

reaction mixture containing a concentration by weight of 

nitric acid of greater than 10% and of hydrochloric acid of 

between 5 and 6% using 0.80 ± 0.02 mole of nitric acid and 

10 0. 70 ± 0. 05 mole of hydrochloric acid per mole of glyoxal 

used. 

The process of the present invention allows the glyoxal 

to be converted virtually quantitatively into a mixture of 

glyoxylic and oxalic acids. The losses of glyoxal are very 

15 slight, always less than 1% and the non-converted glyoxal is 

always less than 2%. As for th~ nitric acid, it is totally 

consumed, so well that the aqueous solutions of glyoxylic 

acid obtained always contain less than 0. 1 % by weight of 

residual nitric acid. The selectivity of the oxidation of 

20 the glyoxal into glyoxylic acid is comprised between 7 5 and 

80%. 

The process according to the present invention is 

preferably carried out at a temperature between 30 and 80°C. 

In particular the operation is done at a pressure comprised 

l · 25 between 0. 5 and 1 0 ba+s and advantageously at a pressure .,,,,,.,..,'. 

comprised between 1 and 5 bars. 

The process according to the present invention can be 

effected for example in a series of reactors agitated in 

series, or better still, in an assembly constituted by one or 

30 more agitated reactors followed by one or ' more piston 

reactors. 

Advantageously, either three reactors agitated in 

series, or pref er ably one agitated reactor followed by two 

piston reactors are used. The supply is effected 

35 continuously into the first reactor and advantageously the 

gases resulting from the process are washed with the incoming 

supply of the aqueous solution of glyoxal. On leaving the 

last reactor, the reaction mixture is cooled down to ambient 
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temperature, then the oxalic acid formed is eliminated by 

crystallization and the mother liquors containing the 

glyoxylic acid formed, the hydrochloric acid and traces of 

oxalic acid and nitric acid are subjected to two successive 

5 electrodialyses which allow the extraction from the reaction 

medium, firstly of the hydrochloric acid which is recycled, 

then of the re,sidual oxalic acid which is recycled in the 

reaction medium resulting from the last reactor. 

The reaction medium leaving the second electrodialysis 

10 machine is either used as it is, or concentrated under 

reduced pressure to the desired concentration of glyoxylic 

acid. 

For the supply, commercially available aqueous solutions 

of glyoxal, of hydrochloric acid and of nitric acid, 

· 15 optionally diluted with water, are preferably used. The 

oxidation according to the process of the invention. is quick: 

usually it requires less than two hours and it is 

advantageously effected in successive reactors heated to 

identical temperatures or to higher and higher temperatures. 

20 Preferably, the oxidation is started at 45°C, then 

completed at 55°C. 

The aqueous solutions of glyoxylic acid are in 

particular currently used to access for example vanillin 

starting with guaicol or parahydroxymandelic acid starting 

25 with phenol. 

The following example illustrates the invention without 

however limiting it. 

Example 

An agitated reactor maintained at 45 ± 1°C, followed by 

30 two piston reactors in series, maintained at 55 °C, are 

supplied continuously with: 

- 29,020 g/h of an aqueous solution of glyoxal at 20% by 

weight, that is 100 moles/h of glyoxal, 

- 13,322 g/h of hydrochloric acid at 20% by weight, that 

35 is 73 moles/h of hydrogen chloride, 

- 7,441 g/h of nitric acid at 69% by weight, that is 

81.5 moles/h of nitric acid at 100%. 

This reaction mixture remains in the agitated reactor 
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for 12 minutes, then for 35 minutes in the first piston 

reactor and finally for 45 minutes in the second piston 

reactor, then the reaction mixture is cooled down. The 

oxalic acid formed crystallizes and after elimination of the 

5 oxalic acid crystals by filtration, the reaction medium is 

subjected to two successive electrodialyses to eliminate the 

hydrochloric acid and then the residual oxalic acid. The 

hydrochloric acid isolated in the first electrodialysis 

machine is recycled to the start of the process and the 

10 aqueous solution of oxalic acid containing traces of 

hydrochloric acid and glyoxylic acid is recycled on leaving 

the second piston reactor. 

At the exit of the second piston reactor, 47,391 g/h of 

an aqueous solution containing by weight 12.11% of glyoxylic 

15 acid, or 77. 5 moles/h, 5. 62% of hydrochloric ·acid, or 73 

moles/h, 3.9% of oxalic acid, or 20.5 moles/h, 0.18% of 

glyoxal, or 1.5 mole/h, 0.04% of nitric acid, or 0.03 mole/h 

and finally 78.15% of water is obtained. At the same time, 

gases are released which~ after washing with the aqueous 

20 solution of glyoxal of the beginning of the process, have an 

output of 2, 390 g/h and which are constituted by 92. 6% of 

nitrogen oxide, or 73.8 moles/h, 1.2% of nitrogen, or 1 

mole/h, 4.1% of nitrous oxide, or 2.2 moles/h and 2.1% of 

carbon dioxide, or 1.1 mole/h. 
. \ 

\.___;· 25 The yield of glyoxylic acid is established at 77-78% 

relative to the glyoxal used, the yield of . oxalic acid is 

established at 20-21% relative to the glyoxal and only 0.5% 

of the glyoxal is lost as carbon dioxide. 

The conversion rate of the glyoxal is about 98.5%. 

30 On leaving the second electrodialysis machine, the 

aqueous solution of glyoxylic acid containing minute traces 

of hydrochloric acid, oxalic acid and nitric acid is 

concentrated so as to bring its titer to 40% or 50% according 

to commercial demands. 

35 The 69% nitric acid can be replaced by 55% nitric acid. 

The do this, it is sufficient to supply the reactor with an 

aqueous solution either of glyoxal, or of hydrochloric acid, 

or of these two products slightly more concentrated. Thus, 
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for example, if the reactor· is supplied with 81. 5 moles/h of 

55% nitric acid, or 9,335.5 g/h, 27,126 g/h of a 21.4% 

aqueous solution of glyoxal, or 100 moles, are used. 
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* C L M S * 

CLAIMS 

1 ) Manufacturing process for an aqueous solution of 

glyoxylic acid by nitric oxidation of an aqueous solution of 

glyoxal carried out in the presence of hydrochloric acid, 

5 characterized in that this oxidation is effected continuously 

using 0.80 ± 0.02 mole of nitric acid and 0.70 ± 0.05 mole of 

hydrochloric acid per mole of glyoxal in a reaction medium 

which has a concentration by weight comprised between 5 and 

·6% of hydrochloric acid and higher than 10% of nitric· acid. 

10 2) Process according to claim 1, characterized in that 

it is used at a temperature comprised between 30 and 80°C. 

3) Process according to claim 1 or 2, characterized in 

that it is carried out at a pressure comprised between 0. 5 

and 10 bars. 


