WO 2009/092734PCT/EP2009/050661 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 gK@AMO8EI# s known. The method described in patent appliBSHoT B &Y S$T2141 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 aEROGHSE ) SREPARIVEH O Dk A 8ca{dedi Whtments such as
electrodialysis. Patent applications EP-A-349406 and CN-A-1634847 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, witgh,psediel@asadidrodheativespheiepiamustie)tiestetnirdeativstive methods. The
present invention eliminates the gbovementioned drawbacks and serves: to obtain a high glyoxylic
acid yield, to oSt R HGH %’l%’)‘(@%%ﬂgersion, to decrease the consumption of nitric acid and/or
nitrogen oxides, to decrease the formation of N20 gas which is harmful to the environment, to
minimize the formation of oxalic acid as,by-pr nd.to avaid.a hi | iyl i
concentration in euf?ﬁa?gg?f/(ggﬁ?cgg&é;ds%%u58%%%%%S %Er{g(%jsgpcg::%,l?ﬁg?geqé%pﬁgé%e%%%eﬁﬁd for
preparing an acpfebycxghiduaiod sfigipexylic acid by oxidation of an aqueous solution of glyoxal with
oXxygen 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 glydhg, methedoressrbebhnaatest Farig s bRIdrARP R UKhiSEREREGHER e group
consisting of hydrachlarc,agich W%WW@?%@@%@%HQ@@@,réh!&m@ﬂi@@ﬁma iomexahange resins
e

of the sulphonic type, perfluorinated resins bearing sulphonic groups or mixfyres thereof ang by
maintaining corfHHFHORA88RFIAY heQILETBIT 8L SHEsY @@mﬁ{%r@&ﬁr@etm%bw%m@%i% mass
transfer coefficigaii(#lch:ard ilis-éher benttonddibgsaied tyldheoreactiendieiite/ maié aieglyoxal).

aqueous solutions of glyoxylic acid containing residual nitric acid which must be

Fho(Eh e Ao ki Acihiitihd

.
acid

removed by laborious and/or costly subsequent treatments such as

electrodialysis.

Patent applications EP-A-349406 and CN-A-1634847 teach the use of nitric
oxide (NO) or sodium nitrite (NaNO3) 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 yieid,

- 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

sotufion.



WO 2009/092734PCT/EP2009/050661 2 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 fxidation is effected 5 in the presence of a catalytic
guantity 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
satisfyingltheres|aapentKiraf ts1frovhiee Klaeclbisithier tpiebentng e anassusasdidiccoefficient (h-1)
and Q is the heat load liberated by the reaction (watts/mole of glyoxal). ...In the method according to
the invenfi ﬁ\éﬂ&eas%ﬂg)é/do %%géh%?iﬁqﬁgvgﬁ ?ﬁ%ﬂﬂggc?é)ggﬁ ,xéllewdtli?a%)t(i@%? &98)%?,Sexpressed
in moles, s tainingntiiygbaSalaratissieed imalautmsanlutaii atite stastfettbe didagon reaction.
In the invention, the pxidation catalgg_#ma%
By

0 fbi selected fr /m nitrlic a?fid andl%r a nitrogen oxide.
Between BT D65 2588 i Iyni n& 88 S cﬂfs%ﬁ,eﬁfé gf}f‘b@} RARESAEBo3( 0.01 and
0.07 molaefwata Y0 Ehdmadidutadie 2:beatoleast ghawD, (1 ihaodlEmele b citahstagidr mole of
glyoxal. The nitrpgen oxides may be selected from the following gases: nitric oxijde (NQ), nitrogen
dioxide (NrBE)?)H 'é’gnq ?&%Idg??@ffﬁff %ﬂ%g@ﬁt%%ﬁ)e 8956%?'8 nﬂ&tnyegg(%ﬁ@r%ro . ﬁé‘%s nitrogen
oxides, mepliebeanibeasiadewipmeatal salts clunithcraciccitsjtions aithsugh assoslivmthitrite,
potassium njtrite, sodium nitra ptassium nitrate, silver nitrate, copper nitrate or mixtures thereof.
omcoorcHPERE By cHiFeRE LT RS i LT ne HEU o e I SR Gro Mg cor Mres

thereof, and by maintaining conditions satisfying the equation K a/Q > 10, where

K.a is the total volumetric mass transfer coefficient (h‘q)'and Q is the heat load

liberated by the reaction (watts/mole of glyoxal).



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 nitric WO 2009/092734PCT/EP2009/050661 acid.

As an exampwﬂr%gmjwﬁan be made of aqueous solutions of nitric acid inaGaReeNitan of 20 to ,
68% by weight. The inventive method is implemented in the presence of a strong acid which 5does not

oxidize the glyoxal. It is preferable to use a quantity ofZbetween 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 10 pKa lower
than 1. Among the strong acids not oxidizing glyoxal, mention can be made, as examples, of
hydrochloric acithdydretiomiceneidrstditiar dmeithathiphfotiomcidsrsush agystoisisnksigpbbnic acid,
methane sulphonic, agid or XIS Steal. RLMOLG RALIHBRLUUACNIRNG Baihe2hs other
examples of str8r¥g ACaE Aot Bxi 1zing glyoxal, mention can be made of ion exchange resins of the
sulphonic type whictoateisiol exygenyaristacteagecthanteal Birchais RigbEANIKGTEEAd Dowex(r)
50WX resins. The abovementioned resins consist of a polystyrene skeleton which carries sulphonic
groups. 20 Other types of commercial resins may be suitable such as perfluorinated resins bearing

sulphonic groups suchraf BRSSO FE$H3. RGN HEGeaNILY oEniHE 2R RI3HELBEE AR ous solution

and, preferably, 25hydipelierie g b BgHEesS SUUYMIN(RICARE BERHRNOHAGY0:T % by weight. |
According to an alternative of the inventive method, a co%;ﬁ ,undc%fynera}:in gstrong acid not oxidizing
glyoxal can be used. 3B EFRERCOARTYIEAGT MOEMGH MY da% nerating a strong acid not

- by maintaining conditions satisfying the equation K. a/Q > 10, where K.a
10 is the fotal volumetric mass transfer coefficient (h™') and Q is the heat

load iiberated 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
15  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 generaliy

used, preferably between about 0.01 and 0.07 mole of catalyst, and particularly
20 between about 0.01 and 0.06 mole of catalyst, per moie of glyoxal.

The nitrogen oxides may be selected from the following gases: nitric oxide
(NO), nitrogen dioxide (NOz), nitrogen tetroxide (N2O4), nitrogen frioxide (N2Os)
or mixtures thereof.

25
As nitrogen oxides, mention can be made of metal salts of nitric acid or nitrous
acid such as sodium nifrite, potassium nitrite, sodium nitrate, potassium nitrate,

silver nitrate, copper nitrate or mixtures thereof.

30 According fo 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 nitric



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 (SOC12), and
Lewis acids $igh as@lGL3. WO 2009/092734PCT/EP2009/050661 4 Incpeasingtifdsasfer between
the gases and the liquid of the reaction system is an important feature of the present invention,
because it serves to decrease the input of nitric acid &d/or nitrogen oxide while preserving, on the
one hand, 5a good glyoxylic acid yield and, on the other, a high glyoxal conversion rate. According to

the invention, the, gtif%ﬁf the total volumﬁtric ma sé t@g&feé Tcé)efgdgsm KIID? érrylél(#tg.ttrpce hctiadat load

liberated by thePFE4c] a&%?e{ﬁ%&‘ee% %Wy%?a%, MUt ba Such that KLalo s igher an 10. 10 The
value of the total walumenicatiassftAhsf 8o dfficwengitan be determined by the method of oxidation of
sodium sulphite by air as described in the article in Chemical Engineering and Processing, 33, (1994),

247-260. 15For the equation KLa/Q >10 to be satisfied, it is important, on the one hand, to adjust the
total volumetricTihadgaveaiistenetisftdieimpiamsriatddhifeprasetempbatiieneratiéel NgUd phase of the

reaction mgdiugyand the nletipw (is.ef oxesRaERidRagasLaNaining SrudaReR Hssfirst

condition is generally satisfied by sélecting a reaction apparatus designed to obtain a high exchange

surface area bédfbérmple ghstiresacihashe Ry Blvese! arndmerdsy BHY-A MG ARG value of KLa.

Preferably, the seagtien tscardes pHidIadrsaengditenssatchdkabtipeqefficient 25KLa is between 100
h-1 and 1000 h-1. To implement the inventive method, use can be made, for example, of an apparatus

comprising reactors with a suction jet mixing nozzle placed internally or externally. 30
In the context of the present invention, “strong acid” means an acid having a

10  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,

15  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® 15 and Dowex® 50WX resins. The
abovementioned resins consist of a polystyrene skeleton which carries
sulphonic groups.

20
Other types of commercial resins may be suitable such as perfluorinated resins
bearing sulphonic groups such as Nafion® resins.

Advantageously, strong acids are used in aqueous solution and, preferably,
25  hydrochloric acid in agueous 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.

30 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 thionyt chioride (SOCI,), and Lewis acids such as AlCls.



According to a preferred embodiment, a closed circuit reactor is used with a built-in suction jet mixing
nozzle, an external liquid phase flow duct connected to the ejector and comprising a pump. WO

2009/092734P6 1 /fsReP99/050661 5 Use can also be made, for example, gt @ipaniBasatids comprising
stirred gas liquid reactors or bubble columns comprising packings. 5 The value of KLa is adjusted by

means of appropriate technical measures, adapted todeach 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 10following equation: Q=0 x Cp
water xAtInG where: 15Dis the flow rate of water for cooling the reactor, Cp is the heat capacity of the
water and, At idrtbealiffey¢hedrbesies distiesroting asatcandénedin pisr aflire apdddatisysigperature, nG

is the number ref tan,i i r itions such that
ihe value of 0 2 B B e S ey o

variation in varibesifruhaieidis soichras/eraifeasprxstenaifoPAaseNIHIcRBaRE B hBaKdation rate,
and, in consequences eheat lRRIZieR Bnd8n the other, a high glyoxal conversion rate.

According to the invention, the ratio of the total volumetric mass transfer
coefficient Kia (h'') to the heat load liberated by the reaction Q {watts/mole of
glyoxal), must be such that K .a/Q is higher than 10.

10
The value of the total volumetric mass transfer coefficient can be determined by
the method of oxidation of sodium sulphite by air as described in the article -in
Chemical Engineering and Processing, 33, (1994), 247-260.

15 For the equation K.a/Q >10 fo be satisfied, it Is important, on the one hand, to
adjust the total volumetric mass transfer coefficient and, on the other, the
temperature of the liquid phase of the reaction medium and the inlet flow rate of
oxygen or of the gas containing oxygen.

20  The first condition is generally satisfied by selecting a reaction apparatus
designed fo obtain a high exchange surface area between the gas phase and
the liquid phase and thereby obtaining a high value of K_a.

Preferably, the reaction is carried out under conditions such that the coefficient
25 K.ais between 100 h” and 1000 h™".

To implement the inventive method, use can be made, for exampie, of an
apparatus comprising reactors with a suction jet mixing nozzle placed intemnally
or externally.

30
According to a preferred embodiment, a closed circuit reactor is used with a
buili-in suction jet mixing nozzle, an external liquid phase flow duct connecled to
the ejector and comprising a pump.



250xidation 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 (h1)

to the heat qu Eib)o%}r, &q 4by the reaction Q 30(watts/mole of glyoxal), musgihe-sush aatsl0 < KLa/Q .s

100. The inventive method is generally implemented by adding an aqueous solution of hydrochloric
acid to an aqueous solution of glyoxal, while introducifig an aqueous solution of nitric acid and
optionally by adding sodium nitrite to the WO 2009/092734PCT/EP2009/050661 6 reaction 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 5 0.5 and abautidomelepes Moleefirgbiexaf. sksamuestus soidasgfsjlyedalaase can be
made of aqueous solutions of ag

ofalyoxa. 10 THERERTRR A AL DL R DRt I tween ambient remperatune and

ally takes place at a témperature®bétween ambient temperature and
about 85C, advantageously between 35 and about 75C. If necessary, the temperature can be adjusted

in order to keeryihe s [ O eaRsiat 15 Tae easianfogeneraliniRaiitiestiped o 20 hours. The

- 2SI {64, 10 20 he
reaction mixture obtained can be used as such as an aqueous solution of glyoxylic acid in various
applications. Alesiarievely epedyaREAEAAR bEne 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
10 following equation:

Q= D X Cp water XAt/ G

where:

15 D is the flow rate of water for cooling the reactor,
Cp s the heat capacity of the water and,
At s the difference between the cooling water inlet temperature and outlet

temperature,

nG is the number of moles of glyoxal.

20
Preferably, the reaction is carried out under conditions such that the value of Q
is between 5 and 150 watts/mole of giyoxal. The value of Q can be adjusted by
a variation in various parameters such as the liquid phase temperature which
affecis the oxidation rate, and, in consequence, the heat liberated by the

25  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 volumeiric

mass transfer coefficient K a (W) to the heat load liberated by the reaction Q
30 (watts/mole of glyoxal), must be such that 10 < K .a/Q = 100.

The inventive method is generally implemented by adding an agqueous 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 the



20 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, tr@@g@,@g};}@@pn exchange resin or electrodialysis. 25The inventipfuisoilbusisated in a
non-limiting manner by the following examples. WO 2009/092734PCT/EP2009/050661 7 EXAMPLE 1

a) Determination of the total mass transfer coefficient{KLa) of the reactor 5In a 20 L enamelled steel
gas liquid reactor, previously purged with nitrogen, equipped with a double jacket, an external loop for

the liquid phase%acC m rin%%?n pgf%of%% ?’ﬁg%{ﬁiﬂg A ré‘,aé '%9@585&%?9&%%/ connected
L ion'l uced co

to the ejector, TS AN aguedus solu Intro aining 0-8 mol/L of sodiumm sulphite
(Na2S03) and sotitadsing, 10036 mpidsofrectesuRnid @ aEoaoY) 3PP &R@rnal 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 caleefietebiiesYaEmiSseseandref o 68itte I HPIEFESABFUTHHPR IHBAWRER transfer

coefficientpf the seaciomaastisd bethis@metigdr932 h-1. b) Preparation of the aqueous solution
of glvoxvlic acid 20 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
2611 g of watepsThguetisispisibastetdoriat byetherdbableisrketdadgsafaiittioraad containing 68%

by weight in water is then added. 10 minutes later, 6 g of NaNO2 | tion in 12 f water is 25
introduced andgcwg)?éa%\fglf%qﬁr@s iE‘S&’ ?c?)%(ﬂ? EB%I 4C6)a%)a Wity é](téége% m%’? pgcr)gture is
maintained congitardaht 43 +/- 5C so that the cooling load exchanged in the double jacket is 1500 W (Q

= 30 watt 6710Ie of glyoxal) and the pressure is maintained constant at above 400 kPa by adding

oxygen as Tequired. After an addition of 400 NL (NormolLitre) of oxygen in about 2 h, the
The reaction normally takes place at a temperature between ambient

temperature and about 85°C, advantageously between 35 and about 75°C. If
necessary, the temperature can be adjusted in order to keep the heat load Q
constant.

15
The reaction is generally continued for 1 to 20 hours.

The reaction mixture obtained can be used as such as an agueous solution of
giyoxylic acid in various applications. Alternatively, the oxalic acid can be

20 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 distiliation, treatment by ion exchange

resin or electrodiaiysis.

25  The invention is iliustrated in a non-limiting manner by the foliowing examples.



30 reaction medium is heated so as to reach 60C in about 1 h. The oxygen addition is stopped when
reaching 628 NL. 8 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 W9 #&81%8*#8% and 0.5% of glyoxal representing a conversfSrt 6#89%03%fhe quantity of
nitric acid consumed is less than 0.01 mole per mole ef glyoxal (analyses of the gas phase at the end
of the reaction by gas chromatography). 10 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. EXANRtdfination of the total mass transfer coefficient (KLa) 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 comprlsmg a pump and an ejector and an external loop for the gas
phase connectéd ReifEIptaien sl e 106 HiaglasseseRRIGAIMNIKIAILR G2 62881AIhg 0.8 mol/L of
sodium sulphite (Na2S03) and contalnlng 1.106 mol/L of cobalt sulphate (COSO4) The external
circulation is st rtg% p at 200 /h.and the r actor is pressurized to 2 bar of oxygen. The pressure is
maintainecPco %t (i WS4 555 H9PS iﬁ‘éﬁn‘{?ﬁ?&oﬁx@r&é(fpﬂéw Péﬂf@egﬁ’%’%am%lphlte
25consumptioneiguppasusittl todmmloladteibt totaxeass! iysfer taefiitientinddbeomaptizing

a pump and an ejector and an external loop for the gas phase connected to the

ejector, 10 L of an agueous solution is introduced containing 0.8 mol/l. of
sodium sulphite (Na,SO3) and containing 1.10° mol/L of cobalt suiphate

10 (CoS04). 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 suiphite consumption
is measured to calculate the total mass transfer coefficient of the reactor.

15  The total mass transfer coefficient of the reactor measured by this method
is932h™.

b} Preparation of the aqgueocus solution of glvoxylic acid

20 Into the same reactor is introduced 7250 g of an agueous solution containing
40% by weight of glyoxal, 3400 g of an aquecus solution of hydrochloric acid
containing 37% by weight and 2611 g of water. The mixture is heated to 45°C
by the double jacket. 140 g of nitric acid containing 68% by weight in water is
then added. 10 minutes later, 6 g of NaNQO; in solution in 150 g of water is

25 introduced and the reactor is pressurized to 400 kPa (4 bar) with oxygen. The
temperature is maintained constant at 43 +/- 5°C 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 (NormolLitre) of oxygen in about 2 h, the

30 reaction medium is heated so as to reach 60°C in about 1 h. The oxygen
addition is stopped when reaching 628 NL..



The total mass transfer coefficient of the reactor measured by this method is 196 1-11. WO
20091(192734PCT1EP20091050661 9 b) Preparation of the aqueous solution of glyoxylic acid Into the
same reactor is introduced 7250 g of an aqueous solution containing 40% b¥ Wei%ht of glyoxal, 3400 g
of an aqueoTE&HIHBR™3f hydrochloric acid 5 containing 37% by weight ahi 261G 6 Water. The
mixture is heated to 45C by the double jacket. 140 g gf nitric acid containing 68% by weight in water is
then added. 10 minutes later, 69 of NaNO2 in solution in 1509 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 1500W (Q = 30
watts/mole of giyesalaraneioo sapeaiate iyt SPEGUEWIBYERHBIPDPhitric acid containing 68%

by weight is acﬁggj@g)@q vede Q% grauR el reagsiametops). 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 60C in 1 h. The oxygen addition is stopped when reaching 601 NL. During

the reaction, thenbSRERSRIN enfidereRioarEiRsIPeIB 16 segrmapRIE GO0rRad8rivay gaiged. oivhen the

reaction |sscom;)ﬁl§%€én1d40?go}§%%;@%@%ﬁ'?gpr%ég%rt?nbs LRned: 1 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).

10 COMPARATIVE EXAMPLE 1

The procedure described in example 1 is repeated, except that the reaction is
carried out under conditions such that K .a / Q is lower than 10.

15  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 ioop for the liquid phase, comprising
a pump and an ejector and an external loop for the gas phase connected to the
20 ejector, 10 L of an agueous solution is introduced containing 0.8 mol/L. of
sodium sulphite (Na»SO3) and containing 1.10° mol/L of cobalt sulphate
(CoS0Os4). 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
25  consumption is measured fo calculate the total mass fransfer coefficient of the
reactor.

The total mass transfer coefficient of the reactor measured by this method
is 196 h™.
30



The reaction mixture contains 18.8% of glyoxylic acid, representing a yield of 20 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 quantiWQﬁOr‘iﬂjﬂ%zgﬁd. In fact, the nitric acid is consumed during thePg%Pefgﬂ%%s; (ﬁzglusing the
formation of undesirable by-products for the environmgent and a high concentration of residual nitric
acid in the final glyoxylic acid solution. EXAMPLE 2 30 The reactor described in example 1 is used

hydrochloric acid containing 37 b weight and 261 - ofwater. \We
2009/092734PCT/EP2009/050661 10 The mixture is heated to 47C bg/gtﬁge double jacket. 140 g of

nitric acid contAMAG B850y SRAGH ISR (e Herr A &R GHHRRHESALPEGYPRENO2 in solution
in 150 g of watep# mfradupedigiddke reacoy isfpiessurzed toldorkBanidhaioih aisigen. The

temperature is majntaine stant at 48 5+/:.1C so that the ling load. jpthe double
jacket is 2 50\/90(?58'—““4{@ %ﬁ%srbr%(‘)’Ygl%%tg?fgxéﬁ%%ﬁeoé‘rhéastéalﬂreﬁﬁgmr%%}%%é%ﬁ%%gggﬁﬁﬁove 400 kPa
by adding 322 bi}the(Noulrielj#ckgier KoL )odndixiggmmdasordqining 6 Ateb wvaighitiormeterlis NL

(NormoL ire) of oxyqend abauh ABENN{he sSaeiRmISd iR fisatc 58 aiausepRo5C in about 1
h in order to keep the heat 10 loa excrLangjedgln the double Jacket constant. When the quantity of

oxygen added ieisetieess N theveaaierisanavdtiepyept@iesisaircrl 200y i Pk fb Feelth 65C in
about 20 min. The gxy9eRagalionsFiepRed beWacking Gaadholkbofdigaxts reegiion is
complete (about 2 h from the introduction of NaNO2), 14.26 kg of reactlo,n‘mlxtgrﬁ is obtained.
10 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 +/- 2°C. 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

15  pressure rises progressively fo 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 vield of
20 73% and 0.47% of glyoxal representing a conversion of 97.6%.

The results show that when the ratio K a/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

25  reaction, causing the formation of undesirable by-products for the environment
and a high concentration of residual nitric acid in th'e final glyoxylic acid solution.

EXAMPLE 2

30 The reactor described in example 1 is used with a K a of 932 h™ 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 2610 g of water.



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%. 20 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
chromatogra?f%{.mé’??& PLE 3 25 The reactor described in example 1 is ﬂggggvzf{%gg*cé]of 932 h-1
and a flow rate of 500 Uh in the external loop. Into the game reactor is introduced 7250 g of an
agueous solution containing 40% by weight of glyoxal, 3400 g of an aqueous solution of hydrochloric
acid containing 37% by weight and 2610 g of water. 30The mixture is heated to 33C by the double

jacket. 140 g off RRrBi¥giEe dBheAAJG AT, bYW igHaHIRIRs 8lihdH0R1 @58 11HB A%Autes later, 6 g of

NaNO2 in soluightiiinlRPeb of WalesihinH askieed anehtiaadeactop impiassugrsdag4H0 kPa (4 bar)
with oxygen. The temperature is maintained constant at 34 WO %%99/092 34PCT/EP2009/050661 11

+/- 1C so that tHENOsIRFAPR RGN AIE" dBIHIETHERI I DL G/ FALT 86 FERYK e of
glyoxal). The piesnw&ps mabaeinet cangiant ahakloved@uke s byaittdingdl SoNsim(NoraoLitre per
o o e e et L R sl 16 e

45 watts/mole of glyoxal). The pressure is maintained constant at above

400 kPa by adding 322 NL/h (NormolLitre per hour) of oxygen as required. After

an addition of 215 NL (Normolitre) of oxygen in about 36 min, the reaction

medium is heated so as to reach 55°C in about 1 h in order to keep the heat

10 load exchanged in the double jacket constant. When the quantity of oxygen
added reaches 525 NL (Normol.itre), the temperature is increased in order o
reach 65°C in about 20 min. The oxygen addition is stopped when reaching

628 NL.

15  When the reaction is complete (about 2 h from the introduction of NaNO.),
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%.

20
The quantity of nitric acid consumed is less than 0.01 mole per mole of giyoxal
(analyses of the gas phase at the end of the reaction by gas chromatography).

EXAMPLE 3

25
The reactor described in example 1 is used with a K a of 932 h'' and a flow rate
of 500 L/h in the external loop. Into the same reactor is introduced 7250 g of an
agueous solution containing 40% by weight of glyoxal, 3400 g of an aqueous
solution of hydrochloric acid containing 37% by weight and 2610 g of water.

30 The mixture is heated to 33°C by the double jacket. 140 g of nitric acid
containing 68% by weight in water is then added. 10 minutes later, 6 g of
NaNO, 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 34



the heat load exchange in the double jacket. When the quantity of oxygen added reaches 500 NL
(NormolLitre), the temperature is increased in order to reach 48C in about 10 min. The oxygen addition
is stopped when reaching 628 NL. 10 When the reaction is complete (about 46 h from the introduction
of NaNO2), ]‘fﬁ%@%ﬁ?ﬁ"%action mixture is obtained.  The reaction mixthfé E8AAIAS%8'396 of
glyoxylic acid, representing a yield of 15 78% and lesg 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). 20 EXAMPLE 4 a) Determination of

the total mass trankTerssobTtiBacQaling ipaRerehaRBgr | 200 donbindnekrsis WS (g did reactor,
previously purgedavihtiiFReBmbiapRIENPathy tRasipy eniatieingn exteraat amivikthe liquid phase,

comprising a pump and an taﬁe,ctor and an external loop for the gas phase connected to the ejector, 10

L of an aqueou$bltRARYLHHIBE ]SS LBAMBRRGLAE R A0S SBERRYPENIBRiIfE TN 03 e
containing 1.10x6 glfliodf siaksitisulpiaiedGas o extesbaliciteuation isaRiasted up at 400 L/h

e B e B R e T T L B e oot
the total mass trenbtsat doadfiexehboféhia tbactoubi/@cR609WRET 34& QI ERP @0 2OERE6 1

added reaches 500 NL (Normol.itre), the temperature is increased in order to

reach 48°C in about 10 min. The oxygen addition is stopped when reaching

628 NL.

10
When the reaction is complete (about 46 h from the introduction of NaNO3},
14.25 kg of reaction mixture is obtained.

The reaction mixture contains 20.3% of glyoxylic acid, representing a yield of
15 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).

20 EXAMPLE 4

a) Determination of the total mass transfer cogfficient (K. a) of the reacior

In a 20 L enamelled stee! gas liquid reactor, previously purged with nitrogen,

25 equipped with a double jacket, an external loop for the liquid phase, comprising
a ';'Julmp 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 (NazSOs) and containing 1.10°° mol/L of cobalt sulphate
(CoS04). The external circulation is started up at 400 L/h and the reactor is

30 pressurized fo 200 kPa (2 bar) of oxygen. The pressure is maintained constant
at 200 kPa by adjusting the oxygen fiow rate. The sodium sulphite consumption
is measured to calculate the total mass transfer coefficient of the reactor.



12 The total mass transfer coefficient of the reactor measured by this method is 563 h-1. b)
Preparation of the aqueous solution of glvoxvlic acid 5 Into the same reactor is introduced 7250 g of an
agueous solution containing 40% by weight of glyoxal, 3400 g of an aqueous solution of hydrochloric
acid containif %44y Reight and 2610 g of water. The mixture is heated 13 38 B Hh& Houble jacket.
140 g of nitric acid containing 68% by weight in water {$ 10 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 WI{® oEbrrasiaowescopfisanteidinagnessuness itfaig Ewikesht at above 400
kPa by adding gxygiem-as 15 required. After an addition of 400 NL (NormolLitre) 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
(NormolLitre), thg reanRgtabie S Hacigaseddsidenterggedis@drabout 3 h. The oxygen addition is
stopped when reaching 628 20 NL. When the reaction is complete (about 15 h from the introduction of
NaNO2), 14.26 kg of reaction mixture is obtained. 25The reaction mixture contains 20.2% of glyoxylic
acid, representingpahgeidroé 788ctan it W5 ot ety 6RaDre pricse ating Gu s aokaisionart8inibgo. The

vy of i A ACOUSHTISY o2 86 O 0 eral e L oo o

containing 37% by weight and 2610 g of water. The mixiure is heated to 38°C

by the double jacket. 140 g of nitric acid containing 68% by weight in water is

10 then added. 10 min later, 6 g of NaNO; 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 +/- 1°C 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

15  required. After an addition of 400 NL (Normolitre) of oxygen in about 3 h, the
reaction medium is heated so as to reach 44°C 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 (Normol.itre), the temperature is increased in order to
reach 53°C in about 3 h. The oxygen addition is stopped when reaching 628

20 NL. '

When the reaction is complete (about 15 h from the introduction of NaNO2),
14.26 kg of reaction mixture is obtained.

25  The reaction mixture contains 20.2% of glyoxylic acid, representing a yield of
78% and 0.5% of glyoxal representing a conversion of 87.5%.

The guantity 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).



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 gha strong acid not oxidizing glyoxal selected from
the group consisting of hydrochloric acid, hydrobromic acid, sulphuric acid, sulphonic acids, ion
exchange resins of the sulphonic type, perfluorinated resins bearing sulphonic groups or mixtures
thereof, an ntaining 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), 2Method accordlng to Claim 1, characterized in that a catalytic quantity of nitric acid and/or
nitrogen oxide iMERAC dPLREGRANS B aﬁ‘de@‘ﬁsrﬂﬁtéoﬂe? Ao ﬁl%&ga?)(/l%’fﬁj@g%ébrding to either

of Claims 1 andgh gbaemﬁeaae,dmntbag@maw qw)egémy@fmggg aciilamepbRigegen oxide is used,
of between 0. Olc&nd 0,06 m }g) egﬂ%jloxal é %d acco % 0 any one of Claims 1 to 3,
characterized in E“ﬁn f&%?@' TEEBUIPIM S 8‘? wing gases: nitric oxide (NO),
nitrogen dioxide (NO2), nitrogen tetroxide (N204) nitrogen trioxide (N203) or mixtures thereof. Method

according to any one CI imsl1lto3, ¢ arac ed in tkﬁt tthnlt ngcen ox e is sele ted from metal

resence nf a ca :c tric
salts of nitric acid or nltrousDamg such as so Hlfrl e, o assiu r?e soaaurﬁ i r%te potassium

nitrate, silver nitrate, cidiopennitiate, of bﬂi(\t\m@!s &@@écﬁn@@gerﬁGWMQ\Mﬁgwaxai
- in the presence of a strong acid not oxidizing glyoxal selected from the
~ group consisting of hydrochloric acid, hydrobromic acid, sulphuric acid,
suiphonic acids, ion exchange resins of the sulphonic type,
perflucrinated resins bearing sulphonic groups or mixtures thereof,
and
- by maintaining conditions satisfying the equation K. a/Q > 10, where
K a is the total volumetric mass transfer coefficient (h'') and Q is the

heat load iiberaied by the reaction (watts/moie of glyoxal},

2. Method according to Claim 1, characterized in that a catalytic guantity of
nitric acid and/or nitrogen oxide is used, of between 0.01 and 0.07 mole

per mole of giyoxai.

3. Method according to either of Ciaims 1 and 2, characierized in that a
catalytic quantity of nitric acid and/or nifrogen oxide is used, of between
0.01 and 0.06 mole of giyoxal.

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 (NO;), nifrogen tetroxide (N-Q,), nitrogen trioxide (N;O3)

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 nifrate,

silver nitraie, copper nitrate or mixtures thereof.



510 15,2_0 25“;30 Ca_sg 2008FR401 (WA)15 14. Method according to any one of Claims 110 11,
cge}r?g&%é%%%‘@t itis implemented usipgag@ippratus compyisingoriisiert gy BPED0eestBs 108
bubble columns comprising packings. 515. 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 KL.a
(h-1) to the heat 10, load liberated by the reaction Q (watts/mole of glyoxal) is such that 10 < KLa/Q 5
100.-.17. Method assordotFra@nineve of Claims 1 & 16, characterized in that the oxygen or a gas
contalnlng oxygen is introduced under a pressure of 15between 200 and 3000 kPa. 18. Method
according to any gne pfafnlsiBscdrting fo SRAERGIGTRIRkhEM s, expgereizesedh@( 19. Method according

fo Claim 18, characterized (hat (1 Qxq7. RS RNen ISSHERRLABAYHS snale per mole o

glyoxal. 20. Method a%co_r g 10 any one of Claims 1°to 19, characterized in that it is carried out at a
. temperature between mAbRATTEIHEEINRIA- and 85C. 25

5 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
.7 mole per mole of glyoxal

8. Method according to any one of Claims 1 o 7, characterized in that the
10 strong acid not oxidizing glyoxal is selected from hydrochioric acid,
hydrobromic acid, sulphuric acid, p-toluenesuiphonic acid or mixtures
thereof. '

9. Method according to Claim 8, characterized in that the strong acid not
15 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.

20
11. Method according to any one of Claims 1 to 10, cha;acterized inthat K;ais
between 100 h™* and 1000 h™.

12. Method according to any one of Claims 1 to 11, characterized in that it is
25 implemented using an apparatus comprising a reactor with a suction jet

mixing nozzle piaced 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 reactorin a closed circuit
30 with a built-in suction jet mixing nozzle, an external liquid phase flow duct
connected to the ejector and a pump.

2 AMENDED SHEET 20/11/2008
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21. Method according to Claims 20, characterized in that it is carried out at a temperature between 35

C mhiéaCoss12/28obiethod according to any GagriiRims 1 icdlephaRelries & HEbahiResREAgOr

is carried out for 1 hour to 20 hours.

- 0

Case 2008FR401 (WA) 15

14. Method according to any one of Claims 1 fo 11, characterized in that it is
implemented using an apparatus comprising stirred gas liquid reactors or
bubble columns comprising packings.

5 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 Kia (h™) to the heat

10 . load liberated by the reaction Q (watts/mole of glyoxal) is such that 10 <
K a/Q = 100.

17. Method according to any one of Claims 1 o 16, characterized in that the
axygen or a gas containing oxygen is introduced under a pressure of
15 between 200 and 3000 kPa.

18. Method according to any one of Claims 1 to 17, characterized in that
oxygen is used.

20 19. Method according to Claim 18, characterized in that the oxygen
consumption is between 0.5 and 1 mole per mole of gltyoxal.

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 85°C.
25

21. Method according to Claims 20, characterized in that it is carried out at a
temperature between 35 °C and 75°C.
22. Method according to any one of Claims 1 to 21, characterized in that the
30 reactor is carried out for 1 hour to 20 hours.

3 AMENDED SHEET 20/11/2009




