
PROCESS OF PREPARATION OF GLYOXYLIC ACID AQUEOUS SOLUTION The present
invention relates to an industrial method for obtaining aqueous solutions
of glyoxylic acid. The use of oxygen to oxidize aqueous solutions of
glyoxal to aqueous solutions of glyoxylic acid is known. The method
described in patent application FR-A-2372141 is carried out in the presence
of 4 to 10% by weight of nitric acid in the reaction solution. Since the
oxidation reaction is exothermic, a safety problem may arise with this
quantity of acid in case of failure of the cooling system. Moreover, the
method produces aqueous solutions of glyoxylic acid containing residual
nitric acid which must be removed by laborious and/or costly subsequent
treatments such as electrodialysis. Patent applications EP-A-349406 and
CN-A-1 634847 teach the use of nitric oxide (NO) or sodium nitrite (NaNO2)
as oxidation catalysts, in the presence of a strong inorganic acid such as
hydrochloric acid. However, these methods generate large quantities of N2O
due to the nitric acid consumption, which are released into the atmosphere
or must be treated by destructive methods. The present invention eliminates
the abovementioned drawbacks and serves: - to obtain a high glyoxylic acid
yield, - to obtain a high glyoxal conversion, - to decrease the consumption
of nitric acid and/or nitrogen oxides, - to decrease the formation of N2O
gas which is harmful to the environment, - to minimize the formation of
oxalic acid as by-product, and 



- to avoid a high residual nitric acid concentration in the final glyoxylic
acid solution.The invention therefore relates to a method for preparing an
aqueous solution of glyoxylic acid by oxidation of an aqueous solution of
glyoxal with oxygen or a gas containing oxygen, characterized in that the
said oxidation is effected - in the presence of a catalytic quantity of
nitric acid and/or at least one nitrogen oxide, of between 0.005 and 0.1
mole per mole of glyoxal, - in the presence of a strong acid not oxidizing
glyoxal, and - by maintaining conditions satisfying the equation KLa/Q >
10, where KLa is the total volumetric mass transfer coefficient (h~1 ) and
Q is the heat load liberated by the reaction (watts/mole of glyoxal). In
the method according to the invention as described above and in the rest of
the description, the quantity of glyoxal, expressed in moles, is the
quantity of glyoxal used in the aqueous solution at the start of the
oxidation reaction. In the invention, the oxidation catalyst may be
selected from nitric acid and/or a nitrogen oxide. Between about 0.005 and
0.1 mole of catalyst is generally used, preferably between about 0.01 and
0.07 mole of catalyst, and particularly between about 0.01 and 0.06 mole of
catalyst, per mole of glyoxal. The nitrogen oxides may be selected from the
following gases: nitric oxide (NO), nitrogen dioxide (NO2), nitrogen
tetroxide (N2O4) , nitrogen thoxide (N2O3) or mixtures thereof. As nitrogen
oxides, mention can be made of metal salts of nitric acid or nitrous acid
such as sodium nitrite, potassium nitrite, sodium nitrate, potassium
nitrate, silver nitrate, copper nitrate or mixtures thereof. According to a
preferred aspect of the implementation of the invention, nitric 



acid is used as an oxidation catalyst. The grade and concentration of the
nitric acid may be similar to those used in conventional methods of
oxidation by nitricacid. As an example, mention can be made of aqueous
solutions of nitric acid in a concentration of 20 to 68% by weight. The
inventive method is implemented in the presence of a strong acid which does
not oxidize the glyoxal. It is preferable to use a quantity of between 0.05
and 1 mole of strong acid per mole of glyoxal, and particularly a quantity
of between 0.2 and 0.7 mole of strong acid per mole of glyoxal. In the
context of the present invention, "strong acid" means an acid having a pKa
lower than 1. Among the strong acids not oxidizing glyoxal, mention can be
made, as examples, of hydrochloric acid, hydrobromic acid, sulphuric acid,
sulphonic acids such as p-toluenesulphonic acid, methane sulphonic acid or
mixtures thereof, or more particularly hydrochloric acid. As other examples
of strong acids not oxidizing glyoxal, mention can be made of ion exchange
resins of the sulphonic type which are sold under various trade names, such
as Amberlyst(r) 15 and Dowex(r) 50WX resins. The abovementioned resins
consist of a polystyrene skeleton which carries sulphonic groups. Other
types of commercial resins may be suitable such as perfluorinated resins
bearing sulphonic groups such as Nafion(r) resins. Advantageously, strong
acids are used in aqueous solution and, preferably, hydrochloric acid in
aqueous solution in a concentration of 10 to 37% by weight. According to an
alternative of the inventive method, a compound generating a strong acid
not oxidizing glyoxal can be used. In the context of the present invention,
"compound generating a strong acid not 



oxidizing glyoxal" means any compound capable of reacting with water to
generate a strong acid such as defined previously. By way of example,
mention can be made of thionyl chloride (SOCI2) , and Lewis acids such as
AICI3.Increasing the transfer between the gases and the liquid of the
reaction system is a n important feature of the present invention, because
it serves to decrease the input of nitric acid and/or nitrogen oxide while
preserving, o n the one hand, a good glyoxylic acid yield and, o n the
other, a high glyoxal conversion rate. According to the invention, the
ratio of the total volumetric mass transfer ccooeeffffiicciieenntt KL a
((hh ~~11 ) ttoo tthhee hheeaatt llooaadd lliibbeerraatteedd bbyy tthhee
reaction Q (watts/mole of glyoxal), must be such that KLa/Q is higher than
10 . The value of the total volumetric mass transfer coefficient can be
determined by the method of oxidation of sodium sulphite by air a s
described in the article in Chemical Engineering and Processing, 33, (
1994), 247-260. For the equation KLa/Q >10 to be satisfied, it is
important, o n the one hand, to adjust the total volumetric mass transfer
coefficient and, o n the other, the temperature of the liquid phase of the
reaction medium and the inlet flow rate of oxygen o r of the gas containing
oxygen. The first condition is generally satisfied by selecting a reaction
apparatus designed to obtain a high exchange surface area between the gas
phase and the liquid phase and thereby obtaining a high value of KLa .
Preferably, the reaction is carried out under conditions such that the
coefficient KLa is between 100 h 1 and 1000 h 1 . T o implement the
inventive method, use can be made, for example, of a n apparatus comprising
reactors with a suction jet mixing nozzle placed internally 



o r externally. According to a preferred embodiment, a closed circuit
reactor is used with a built-in suction jet mixing nozzle, a n external
liquid phase flow duct connected to the ejector and comprising a pump.Use
can also be made, for example, of an apparatus comprising stirred gas
liquid reactors or bubble columns comprising packings. The value of KLa is
adjusted by means of appropriate technical measures, adapted to each type
of reactor. The inventive method is advantageously implemented in a reactor
with a suction jet mixing nozzle (jet reactor). The heat load Q liberated
by the oxidation reaction can be determined from the following equation: Q
= D x C p water x Dt / nG where: D is the flow rate of water for cooling
the reactor, Cp is the heat capacity of the water and, Dt is the difference
between the cooling water inlet temperature and outlet temperature, nG is
the number of moles of glyoxal. Preferably, the reaction is carried out
under conditions such that the value of Q is between 5 and 150 watts/mole
of glyoxal. The value of Q can be adjusted by a variation in various
parameters such as the liquid phase temperature which affects the oxidation
rate, and, in consequence, the heat liberated by the oxidation reaction, or
the inlet flow rate of the oxygen or of a gas containing oxygen. According
to another alternative of the invention, the ratio of the total volumetric 



mass transfer coefficient KLa (h~1 ) to the heat load liberated by the
reaction Q (watts/mole of glyoxal), must be such that 10 < KLa/Q < 100. The
inventive method is generally implemented by adding an aqueous solution of
hydrochloric acid to an aqueous solution of glyoxal, while introducing an
aqueous solution of nitric acid and optionally by adding sodium nitrite to
thereaction medium, and finally by introducing oxygen or a gas containing
oxygen, such as air, under a pressure of between 200 and about 3000 kPa.
Preferably, oxygen is used. In this case, the oxygen consumption is between
0.5 and about 1 mole per mole of glyoxal. As aqueous solutions of glyoxal,
use can be made of aqueous solutions of glyoxal available in the industry,
normally containing 5 to 50% by weight of glyoxal. The reaction normally
takes place at a temperature between ambient temperature and about 85C,
advantageously between 35 and about 75C. If necessary, the temperature can
be adjusted in order to keep the heat load Q constant. The reaction is
generally continued for 1 to 20 hours. The reaction mixture obtained can be
used as such as an aqueous solution of glyoxylic acid in various
applications. Alternatively, the oxalic acid can be separated from the
reaction mixture by crystallization, to obtain an aqueous solution of
glyoxylic acid. Advantageously, the reaction mixture can be further
purified by means known per se such as distillation, treatment by ion
exchange resin or electrodialysis. The invention is illustrated in a
non-limiting manner by the following examples.EXAMPLE 1 a) Determination of
the total mass transfer coefficient (K a) of the reactor 



In a 20 L enamelled steel gas liquid reactor, previously purged with
nitrogen, equipped with a double jacket, an external loop for the liquid
phase, comprising a pump and an ejector and an external loop for the gas
phase connected to the ejector, 10 L of an aqueous solution is introduced
containing 0.8 mol/L of sodium sulphite (Na2SOs) and containing 1.10 6
mol/L of cobalt sulphate (CoSO4) . The external circulation is started up
at 500 L/h and the reactor is pressurized to 200 kPa (2 bar) of oxygen. The
pressure is maintained constant at 200 kPa by adjusting the oxygen flow
rate. The sodium sulphite consumption is measured to calculate the total
mass transfer coefficient of the reactor. The total mass transfer
coefficient of the reactor measured by this method is 932 h 1 . b)
Preparation of the aqueous solution of qlvoxylic acid Into the same reactor
is introduced 7250 g of an aqueous solution containing 40% by weight of
glyoxal, 3400 g of an aqueous solution of hydrochloric acid containing 37%
by weight and 261 1 g of water. The mixture is heated to 45C by the double
jacket. 140 g of nitric acid containing 68% by weight in water is then
added. 10 minutes later, 6 g of NaNO2 in solution in 15O g of water is
introduced and the reactor is pressurized to 400 kPa (4 bar) with oxygen.
The temperature is maintained constant at 43 +/- 5C so that the cooling
load exchanged in the double jacket is 1500 W (Q = 30 watts/mole of
glyoxal) and the pressure is maintained constant at above 400 kPa by adding
oxygen as required. After an addition of 400 NL (NormoLitre) of oxygen in
about 2 h, the reaction medium is heated so as to reach 60 C in about 1 h.
The oxygen addition is stopped when reaching 628 NL.When the reaction is
complete (about 4 h after the introduction of 



NaNO2) ,14.24 kg of reaction mixture is obtained. The reaction mixture
contains 20.3% of glyoxylic acid, representing a yield of 78% and 0.5% of
glyoxal representing a conversion of 97.5%. The quantity of nitric acid
consumed is less than 0.01 mole per mole of glyoxal (analyses of the gas
phase at the end of the reaction by gas chromatography). COMPARATIVE
EXAMPLE 1 The procedure described in example 1 is repeated, except that the
reaction is carried out under conditions such that KLa / Q is lower than
10. a) Determination of the total mass transfer coefficient (K a) of the
reactor In a 20 L enamelled steel gas liquid reactor, previously purged
with nitrogen, equipped with a double jacket, an external loop for the
liquid phase, comprising a pump and an ejector and an external loop for the
gas phase connected to the ejector, 10 L of an aqueous solution is
introduced containing 0.8 mol/L of sodium sulphite (Na2SOs) and containing
1.10 6 mol/L of cobalt sulphate (CoSO4) . The external circulation is
started up at 200 L/h and the reactor is pressurized to 2 bar of oxygen.
The pressure is maintained constant at 200 kPa (2bar) by adjusting the
oxygen flow rate. The sodium sulphite consumption is measured to calculate
the total mass transfer coefficient of the reactor. The total mass transfer
coefficient of the reactor measured by this method is 196 h 1 .b)
Preparation of the aqueous solution of glyoxylic acid Into the same reactor
is introduced 7250 g of an aqueous solution containing 40% by weight of
glyoxal, 3400 g of an aqueous solution of hydrochloric acid containing 37%
by weight and 261 1 g of water. The mixture is heated to 45C 



by the double jacket. 140 g of nitric acid containing 68% by weight in
water is then added. 10 minutes later, 6 g of NaNO2 in solution in 15O g of
water is introduced and the reactor is fed with oxygen at a rate of about
200 NL/h such that the heat load exchanged is 1500 W (Q = 30 watts/mole of
glyoxal). At the same time, 232 g of an aqueous solution of nitric acid
containing 68% by weight is added at a rate of 2 g/min (if not, the
reaction stops). The temperature is maintained constant at 43 +/- 2C. After
an addition of 400 NL of oxygen in about 2 h, a temperature ramp is applied
in order to reach 60 C in 1 h. The oxygen addition is stopped when reaching
601 NL. During the reaction, the pressure rises progressively to reach
about 800 kPa (8 bar) gauge. When the reaction is complete, 14.37 kg of
reaction mixture is obtained. The reaction mixture contains 18.8% of
glyoxylic acid, representing a yield of 73% and 0.47% of glyoxal
representing a conversion of 97.6%. The results show that when the ratio
KLa/Q is lower than 10, in order to obtain a good glyoxylic acid yield and
a good conversion, it is necessary to use a much larger quantity of nitric
acid. In fact, the nitric acid is consumed during the reaction, causing the
formation of undesirable by-products for the environment and a high
concentration of residual nitric acid in the final glyoxylic acid solution.
EXAMPLE 2 The reactor described in example 1 is used with a KLa of 932 h 1
and a flow rate of 500 L/h in the external loop. Into this reactor is
introduced 7250 g of an aqueous solution containing 40% by weight of
glyoxal, 3400 g of an aqueous solution of hydrochloric acid containing 37%
by weight and 261 0 g of water.The mixture is heated to 47C by the double
jacket. 140 g of nitric acid containing 68% by weight in water is then
added. 10 minutes later, 6 g of 



NaNO2 in solution in 15O g of water is introduced and the reactor is
pressurized to 400 kPa (4 bar) with oxygen. The temperature is maintained
constant at 48 +/- 1C so that the cooling load exchanged in the double
jacket is 2250 W (Q = 45 watts/mole of glyoxal). The pressure is maintained
constant at above 400 kPa by adding 322 NL/h (NormoLitre per hour) of
oxygen as required. After an addition of 2 15 NL (NormoLitre) of oxygen in
about 36 min, the reaction medium is heated so as to reach 55C in about 1 h
in order to keep the heat load exchanged in the double jacket constant.
When the quantity of oxygen added reaches 525 NL (NormoLitre), the
temperature is increased in order to reach 65C in about 20 min. The oxygen
addition is stopped when reaching 628 NL. When the reaction is complete
(about 2 h from the introduction of NaNO2), 14.26 kg of reaction mixture is
obtained. The reaction mixture contains 19.9% of glyoxylic acid,
representing a yield of 77% and less than 0.5% of glyoxal representing a
conversion of 97.5%. The quantity of nitric acid consumed is less than 0.01
mole per mole of glyoxal (analyses of the gas phase at the end of the
reaction by gas chromatography). EXAMPLE 3 The reactor described in example
1 is used with a KLa of 932 h 1 and a flow rate of 500 L/h in the external
loop. Into the same reactor is introduced 7250 g of an aqueous solution
containing 40% by weight of glyoxal, 3400 g of an aqueous solution of
hydrochloric acid containing 37% by weight and 261 0 g of water. The
mixture is heated to 33C by the double jacket. 14O g of nitric acid
containing 68% by weight in water is then added. 10 minutes later, 6 g of 



NaNO2 in solution in 15O g of water is introduced and the reactor is
pressurized to 400 kPa (4 bar) with oxygen. The temperature is maintained
constant at 34+/- 1C so that the cooling load exchanged in the double
jacket is 95 W (Q = 1.86 watts/mole of glyoxal). The pressure is maintained
constant at above 400 kPa by adding 13 NL/h (NormoLitre per hour) of oxygen
as required. After an addition of 250 NL (NormoLitre) of oxygen in about 18
h, the reaction medium is heated so as to reach 39C in about 18 h in order
to keep constant the heat load exchange in the double jacket. When the
quantity of oxygen added reaches 500 NL (NormoLitre), the temperature is
increased in order to reach 48C in about 10 min. The oxygen addition is
stopped when reaching 628 NL. When the reaction is complete (about 46 h
from the introduction of NaNO2), 14.25 kg of reaction mixture is obtained.
The reaction mixture contains 20.3% of glyoxylic acid, representing a yield
of 78% and less than 0.5% of glyoxal representing a conversion of 97.5%.
The quantity of nitric acid consumed is less than 0.01 mole per mole of
glyoxal (analyses of the gas phase at the end of the reaction by gas
chromatography). EXAMPLE 4 a) Determination of the total mass transfer
coefficient (K a) of the reactor In a 20 L enamelled steel gas liquid
reactor, previously purged with nitrogen, equipped with a double jacket, an
external loop for the liquid phase, comprising a pump and an ejector and an
external loop for the gas phase connected to the ejector, 10 L of an
aqueous solution is introduced containing 0.8 mol/L of sodium sulphite
(Na2SOs) and containing 1.10 6 mol/L of cobalt sulphate (CoSO4) . The
external circulation is started up at 400 L/h and the reactor is 



pressurized to 200 kPa (2 bar) of oxygen. The pressure is maintained
constant at 200 kPa by adjusting the oxygen flow rate. The sodium sulphite
consumption is measured to calculate the total mass transfer coefficient of
the reactor.The total mass transfer coefficient of the reactor measured by
this method is 563 h 1 . b) Preparation of the aqueous solution of
glyoxylic acid Into the same reactor is introduced 7250 g of an aqueous
solution containing 40% by weight of glyoxal, 3400 g of an aqueous solution
of hydrochloric acid containing 37% by weight and 261 0 g of water. The
mixture is heated to 38C by the double jacket. 140 g of nitric acid
containing 68% by weight in water is then added. 10 min later, 6 g of NaNO2
in solution in 150 g of water is introduced and the reactor is pressurized
to 400 kPa (4 bar) with oxygen. The temperature is maintained constant at
38 +/- 1C so that the cooling load exchanged in the double jacket is 280 W
(Q = 5.6 watts/mole of glyoxal) and the pressure is maintained constant at
above 400 kPa by adding oxygen as required. After an addition of 400 NL
(NormoLitre) of oxygen in about 3 h, the reaction medium is heated so as to
reach 44C in about 9 h in order to keep the heat load exchange in the
double jacket constant. When the quantity of oxygen added reaches 500 NL
(NormoLitre), the temperature is increased in order to reach 53C in about 3
h. The oxygen addition is stopped when reaching 628 NL. When the reaction
is complete (about 15 h from the introduction of NaNO2), 14.26 kg of
reaction mixture is obtained. The reaction mixture contains 20.2% of
glyoxylic acid, representing a yield of 78% and 0.5% of glyoxal
representing a conversion of 97.5%. 



The quantity of nitric acid consumed is less than 0.01 mole per mole of
glyoxal (analyses of the gas phase at the end of the reaction by gas
chromatography).CLAIMS 1. Method for preparing an aqueous solution of
glyoxylic acid by oxidation of an aqueous solution of glyoxal with oxygen
or a gas containing oxygen, characterized in that the said oxidation is
effected in the presence of a catalytic quantity of nitric acid and/or at
least one nitrogen oxide, of between 0.005 and 0.1 mole per mole of
glyoxal, in the presence of a strong acid not oxidizing glyoxal, and - by
maintaining conditions satisfying the equation KLa/Q > 10, where KLa is the
total volumetric mass transfer coefficient (h~1 ) and Q is the heat load
liberated by the reaction (watts/mole of glyoxal), 2 . Method according to
Claim 1, characterized in that a catalytic quantity of nitric acid and/or
nitrogen oxide is used, of between 0.01 and 0.07 mole per mole of glyoxal.
3 . Method according to either of Claims 1 and 2, characterized in that a
catalytic quantity of nitric acid and/or nitrogen oxide is used, of between
0.01 and 0.06 mole of glyoxal. 4 . Method according to any one of Claims 1
to 3, characterized in that the nitrogen oxide is selected from the
following gases: nitric oxide (NO), nitrogen dioxide (NO2), nitrogen
tetroxide (N2O4) , nitrogen trioxide (N2O3) or mixtures thereof. 5 . Method
according to any one Claims 1 to 3, characterized in that the nitrogen
oxide is selected from metal salts of nitric acid or nitrous acid such as
sodium nitrite, potassium nitrite, sodium nitrate, potassium nitrate, 



silver nitrate, copper nitrate or mixtures thereof.6 . Method according to
any one of Claims 1 to 5, characterized in that a quantity of strong acid
not oxidizing glyoxal is used, of between 0.05 and 1 mole per mole of
glyoxal. 7 . Method according to any one of Claims 1 to 6, characterized in
that a quantity of strong acid not oxidizing glyoxal is used, of between
0.2 and 0.7 mole per mole of glyoxal 8 . Method according to any one of
Claims 1 to 7, characterized in that the strong acid not oxidizing glyoxal
is selected from hydrochloric acid, hydrobromic acid, sulphuric acid,
p-toluenesulphonic acid or mixtures thereof. 9 . Method according to Claim
8, characterized in that the strong acid not oxidizing glyoxal is
hydrochloric acid. 10 . Method according to any one of Claims 1 to 7,
characterized in that as a strong acid not oxidizing glyoxal, a compound
generating such a strong acid is used. 11. Method according to any one of
Claims 1 to 10, characterized in that KLa is between 100 h 1 and 1000 h 1 .
12 . Method according to any one of Claims 1 to 11, characterized in that
it is implemented using an apparatus comprising a reactor with a suction
jet mixing nozzle placed internally or externally. 13 . Method according to
any one of Claims 1 to 12, characterized in that it is implemented using an
apparatus comprising a reactor in a closed circuit with a built-in suction
jet mixing nozzle, an external liquid phase flow duct connected to the
ejector and a pump.14. Method according to any one of Claims 1 to 11,
characterized in that it is 



implemented using an apparatus comprising stirred gas liquid reactors or
bubble columns comprising packings. 15 . Method according to any one of
Claims 1 to 14, characterized in that Q is between 5 and 150 watts/mole of
glyoxal. 16 . Method according to any one of Claims 1 to 15, characterized
in that the ratio of the total volumetric mass transfer coefficient KLa
(h~1 ) to the heat load liberated by the reaction Q (watts/mole of glyoxal)
is such that 10 < KLa/Q < 100. 17 . Method according to any one of Claims 1
to 16, characterized in that the oxygen or a gas containing oxygen is
introduced under a pressure of between 200 and about 3000 kPa. 18 . Method
according to any one of Claims 1 to 17, characterized in that oxygen is
used. 19. Method according to Claim 18, characterized in that the oxygen
consumption is between 0.5 and about 1 mole per mole of glyoxal. 20. Method
according to any one of Claims 1 to 19, characterized in that it is carried
out at a temperature between ambient temperature and about 85C. 2 1. Method
according to Claims 20, characterized in that it is carried out at a
temperature between 35 C and about 75C. 22. Method according to any one of
Claims 1 to 2 1, characterized in that the reactor is carried out for 1
hour to 20 hours. 


