PROCESS OF PREPARATI ON OF GLYOXYLI C ACI D AQUEQUS SOLUTI ON The present
invention relates to an industrial nethod for obtaining agueous sol utions
of gl yoxywoeoaaioezz4The use of oxygen to oxidi ze aqueous Pew/EPR00OMS06HT

gl yoxal to aqueous solutions of glyoxylic acid is known. The nethod
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
oxi dation reaction |s exothermc, a safet oroblen1na arlse with this
quantity ofPRQCESSOFRREPARATION QF-GL) z QIR AQU ROLULTION

met hod produces aqueous sol utions of glyoxyllc acid contalnlng resi dual
nitric acid which nust be renoved by | aborious and/or costly subsequent
treatments such as electrodialysis Pat ent applications EP-A-349406 and
CN-A-1 634847 teach the wu f. nitric Lumnitrite (NaNO2)
25 oxi dat | dheduEaRyupUEni e e Bhind i heRbg T PREIS AALERIE Slich
hydr ochl or isg|aiehd of gRRYEE aciihese met hods generate |arge quantities of N2O
due to the nitric acid consunption, which are released into the atnosphere
or nmust be treated by destructlve met hods. The present invention elimnates
e, abovemspll (e BRGNS 86 EE oo 8PYIZbMI% HyBBol ¥BHbRE ac!
yield, - o] aln a |gh yoxa converS|on 2P &4 e consunptlon
of nitric @ﬁg@o&pﬁiamdnskno@an oxi des, - to decrease the formation of N2O
gas which is harnful to the environnent, - to mnimze the formation of
oxalic acid as by-product, and

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-1634847 teach the use of nitric
oxide (NO) or sodium nitrite (NaNO_) as oxidation catalysts, in the presence of
a strong inorganic acid such as hydrochloric acid. However, these methods
generate large quantities of N>O 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.



- to avoid a high residual nitric acid concentration in the final glyoxylic
acid solution. The invention therefore relates to a nmethod for preparing an
aqueous swbubiw2sfi gl yoxylic acid by oxidation of an aquempsomobessi on of
gl yoxal with oxygen or a gas containing oxygen, characterized in that the

said oxidation is effected - in the pres2nce of a catalytic quantity of
nitric acid and/or at |east one nitrogen oxide, of between 0.005 and 0.1
nol e per nole of glyoxal, - in the presence of a strong acid not oxidizing

gl yoxal, and - by maintaining conditions satisfying the equation KLa/Q >

10, where 1 v i G i, Gl 1~ and
Qs the et NEeeh berabgteR omERER o PR B Ao St o? |

t he met hod ghgnglidaoid Byotibetiomgtat aqueass selstion bédlyakameitmbdygen dhe rest of
the description, the quantity of glyoxal, expressed. in nole is the
quantity of9a§GPRRRINNGLXYIER %/Wﬁafaﬁ ”\3/6%” that the saidaxidationgs gheciad ¢ he

oxi datign reaction. In the invention, the oxidation catalyst may be
selected fromnitric acid and/or a nitrogen oxi de. Between about 0.005 and
0.1 nol e of cat ah st piesegeaef aldayalytsedyanity OE nditid gcibleanddenatdbasttore 01 and

0.07 nol e of catal yst d particul b bout 0.01 and 0.06 nole of
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tetroxide (N2O4) , nitrogen thoxide g_N2.03) or mxtures thereof. As nitrogen
oxi des, nention bydnaiéairngeonditionsAatishingthefeqiationdalQa 0, winenedti@ aci d
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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 generally
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 mole of glyoxal.

The nitrogen oxides may be selected from the following gases: nitric oxide
(NO), nitrogen dioxide (NO3), nitrogen tetroxide (N2O4), nitrogen trioxide (N2O3)
or mixtures thereof.

25
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.

30 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 nitric



acid is used as an oxidation catalyst. The grade and concentration of the
nitric acid nay be simlar to those used in conventional nethods of

oxi dat i orwbyomidopizgaci d. As an exanpl e, nention can be mredEP2§0IASFEDUS
solutions of nitric acid in a concentration of 20 to 68% by weight. The
inventive method is inplenmented in the pBesence of a strong acid which does
not oxidize the glyoxal. It is preferable to use a quantity of between 0. 05
and 1 nole of strong acid per nole of glyoxal, and parthuIarI¥_a guantity
of between agi2 Ap@nExaMrieementian canHednnde pEranePes s9lupypRENItq acidhe

cont ext of . r . 1 | QR I aci d" neans an acid having a pKa
| ower than ui'gecg}r@g%gﬁ%%r\ Qf?@?%ggé"l %@M’?@{mbxi di zing gl yoxal, nention can be
made, as exanples, of hydrochloric acid, hydrobrom c acid, sul phuric acid,

sul phoni c ids such as p-toluepesul phonic acid, nethane sulﬁhonl acid or

m xt ures t Hé\edBYeNtyie MEINOGIEMPIEMGNES 1Tk BIGSEHEF O AGIPNIRCIE exanpl es

of stroRg A Nz I i ({}pg]eo I change
resins gf t eg?l?lﬁl% gﬁ%@cﬂeﬁg&vﬂi gtﬁégk%fe@r%kﬁggg%%v%ﬁ“ us téf{gl eﬂrrpéﬁ%s, such
as Anber | ysingdr) mbie ahstr@uyegidroer 500K of g@dyiaxal, ahdepatiovarhe atquamdity ofesi ns
consi st of a, pol ystyren kel et whi ch carries sul phopic groups. O her
types of c@ﬁ@?%&?ly?%@ﬁi%oﬁ%r%ﬂ §gg|p§r§nﬁﬁ Oigﬁ%é(fapl uori nated resins
beari ng sul phoni ¢ groups such as Nafion(r) resins. Advantageously, strong

acids are used in aqueous solution and, preferably, hydrochloric acid in
aqueous sollutheeontextoidtbagsesenitinention, igrang aids meaneiaghacid Ageivgd ng to an

ot oxi b # Pk gHSE Eanlnd et g i BB PR BT A ReZRE ¥ 2t Fon,
"conpound @generae] agerardbpleengf agdrchiokic 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 Inthe 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 (SOCI;), and Lewis acids such as AICls.



oxi di zing gl yoxal" nmeans any conpound capable of reacting with water to
generate a strong acid such as defined previously. By way of exanple,
menti on owo 2o@/09eme of thionyl chloride (SOCI2) , and LecorEpra@moasossuch as
Al Cl 3. Increasing the transfer between the gases and the liquid of the
reaction systemis a n inportant featuredof 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

ot her, a high glyoxal conversion rate. According to the invention, t he

ratio of t I e i a
(Chn -211" a8 R KeMElel enBeir e 8850 hnd ARORRID bt M aeioR Shselt 2.
reacti on le{ mumﬁbrtahtefeafurgqudxabbesentlstvebaorslbm:aubatut é@raé@td dedregber than
10 . The v | ue of the totaavol unetric nass transfer .coefficient can be

f

det er mi ned g M OFBETHG ACIHrANSUPTHIHrPERN KIdeoHNIHPESEPHG Lhinepne fard,
descri bed i C, I 3,

To0a) “Sa7 DeSPOROKIE Soid Bichd SRULH 1M GHRES high GiShrcBReERIdirate™
inportant o n the one hand, to adjust the total volunetric nmass transfer
coefficient, and,, o,n,the o re of the |i Uld ghase of the

he.
reaction netheQry %91(50m?e'nvﬁnté?n’fth%vx?et}&asggﬁgtg@yalé‘ﬁn%”? ”Eﬁsst fSi8s cont ai ni ng

oxygen. Th%otaﬁroﬁéntwa(ihﬂ)mhb%e%@wﬂuaéfaﬁe@tb fHeadabhos € Fdtigh@ofe sfeact i on
apparatus designed to obtain a hi exchan%q surface area between the gas

phase and tgh@xai)quiust phasiehdnat KisdRddyighter d1an #9.- a hi gh val ue of KlLa .
Prefergﬁ the reaction is carried out under conditions such that the
coeffi dPent KLa is between 100 h 1 and 1000 h 1 . T o i npl enent the

inventive mMieheflue bstheCtolal bvelumeteic rass BAasTet EoeftiticAt bartppIedérmsiné@BRr | Si ng
reactors with a suction jet mxing nozzle BI aced i nternal I){
the method of oxidation of sodlum 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 to 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 to 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 Kiais between 100 h™" and 1000 h™.

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
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.



or externally. According to a preferred enbodi nent, a closed circuit
reactor is used with a built-in suction jet m xing nozzle, a n external

| i qui d phweeoddwrsduct connected to the ej ector and conpcir@re@oas@enp. Use
can al so be nade, for exanple, of an apparatus conprising stirred gas
liquid reactors or bubble colums conpri8ing packings. The value of KLa is
adj usted by neans of appropriate technical neasures, adapted to each type
of reactor. The inventive nmethod is advantageously inplenented in a reactor
with a suction jet mxing nozzle (jet reactor). The heat |oad Q |iberated

2o cp hrah P Y ARoE tor B e el AT S R R R B8 g

t he react ofiquidorelastdriier babblecaohanns yonforising pediénigsand, Dt is the difference
bet ween the cooling water inlet tenperature and outlet tenperature, nGis
t he nunber of noles of glyoxal. Preferably, the reaction is carried out

under. candinigAnfueiFR, 4 RSB HBaRL oRabBrohRYE RRNFICANebalratat o/ ol ¢

of gl yoxal. value o juste y a variation in various
par anet er s aslapteca® eduoh typquif deqdias el heimentive netivbd chadfedrdegaoudie oxi dati on
rate, and, .in conseguenc

e, the heat l.iberated by the oxidatiqn reaction, or
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to another alternative of the invention, the ratio of the total volunetric
The heat load Q liberated by the oxidation reaction can be determined from the

10 following equation:

where:

15 D isthe flow rate of water for cooling the reactor,
Cp is the heat capacity of the water and,
At is 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 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

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 volumetric

mass transfer coefficient K a (h™) 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 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 the



mass transfer coefficient KLa (h~1 ) to the heat |load liberated by the
reaction Q (watts/nole of glyoxal), nust be such that 10 < KLa/Q < 100. The
i nvent i veworbéad2i3s general |y inpl enented by addi ng an aquape®ossicat i on of
hydrochl oric acid to an aqueous solution of glyoxal, while introducing an
aqueous solution of nitric acid and optidnally by adding sodiumnitrite to
thereaction nmedium and finally by introduci ng oxygen or a gas contai ni ng
oxygen, such as air, under a pressure of between 200 and about 3000 kPa.

Pr ef er abl y reastigfemepiyiny,and finallythy igtreddeing rygen phardastAPINGPXYdeNbet ween
0.5 and ab I ions of gl yoxal,
use can be%#tggtjaasor%hl’g&@%@ﬂ@égﬁlﬁ%i%%%%%?%?gﬂ%go&giF’gg{)gﬁaf\ the i ndustry,
normal ly containing 5 to 50% by wei ght of glyoxal. The reaction normally

t akes pl ace a t enper at ure between anbi ent tenperature and about 85C,
advant ageoioé’?{?r%@b/m@@fgeﬁ‘éséﬁﬁdaﬂ'ﬁm's?9@.9’ tﬁ? PYEER £OPSUMPHRN iShSMe ur e can

be adj u?te@_g B9 "4H {J% gﬁ@@%rmﬁ%@d@ﬁd Q constant. The reaction is

general 'y conti nue to 20 e reaction m xture obtained can be
used as such as an aqueous solution of glyoxylic acid in various

licati . At i I th | i id d f th
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purified by means known per se such as distillation, treatnent by ion
exchange r @yaxabr el ectrodialysis. The invention is illustrated in a
non-1ipkti ng manner by the foll ow ng exanpl es. EXAMPLE 1 a) Determ nati on of

the total nass transfer coefficient (K a) of the reactor
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 aqueous solution of
glyoxylic 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 distillation, treatment by ion exchange
resin or electrodialysis.

25 The invention is illustrated in a non-limiting manner by the following examples.



In a 20 L enanell ed steel gas liquid reactor, previously purged with
nitrogen, equipped with a double jacket, an external |oop for the liquid
phase, cowpr®@imgrsa punp and an ej ector and an external pcomp2dmonsiche gas
phase connected to the ejector, 10 L of an aqueous solution is introduced
containing 0.8 nol/L of sodium sul phite (Na2SGs) and containing 1.10 6

nmol /L of cobalt sul phate (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 i EXAMRLE hed constant at 200 kPa by adjusting the oxygen flow
rate. The sodi um sul phite consunption is neasured to cal cul ate the total
mass transfer coefficient of the reactor. The total nmass transfer

coef fi ci enta) Uetéimeinatiore bbthentetsl unast thandfbr sogffitibnt(K, a) 88thérebctorb)
Preparation of the aqueous solution of glvoxylic acid Into the same reactor
is introduced 7250 g of an aqueous sol ution containing 40% by wei ght of

gl yoxal g 3 f |yt h i A i\-ning 37%
By v, ght and Sul e AmeABH R G A R R B PR o
j acket. l4@qgippednivith adcubialjacket, anrexiernéBiiopyfomtdiegituid phase, eaomrisingen

dded. 10 ni nut | ater, f Na i ' in 150 f t i
"t roduced SInBRECk A Eiesior Ao eRama depit 908 Crpatae EPRCRRHS 8 gen.
The tenper gjabt6r, 19 1Bf & ahDESuS sREtieNts Mtroddcdd coR@irify bdl/h&fcool i ng
| oad exchanged in the double jacket is 1500 (Q = 30 watts/nol e of

gl yoxal ) ars@diume spiobde (Ne2$Qshaendheantasing dridk amol/kof apbalesdlipbatePra by addi ng

obour 360 (ERETLESTrR kAo OR sBtetb g St pBOT LB ki teftio e 1
The oxygen prgsBurized tb 209tkRPEba e ok gseH)i Tige PR sike Wheairthiget @dabiapn i S

conplete (about 4 h after the introduction of , , ,
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.

15  The total mass transfer coefficient of the reactor measured by this method
is 932 h".

b) Preparation of the aqueous solution of glyoxvlic 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 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 NaNO: 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.



NaNO2) , 14.24 kg of reaction mxture is obtained. The reaction m xture
contains 20.3% of glyoxylic acid, representing a yield of 78% and 0. 5% of

gl yoxal rwpresanptizag a conversion of 97.5% The quantit ycufEPrédns@meaci d
consuned is |l ess than 0.01 nole per nole of glyoxal (analyses of the gas
phase at the end of the reaction by gas &hronat ography). COVPARATI VE
EXAMPLE 1 The procedure described in exanple 1 is repeated, except that the
reaction is carried out under conditions such that KLa / is |lower than
10. a) Det eVhemiie mrachipniheomptede (aRaY 4 hh afier the ipbedeetianedlt (K a) of the
reactor In I eactor, previously purged
wth nltroggﬁ&g aﬁ?g€ﬂ§(h$€%&CF@%)%®%|£ E%teéan external | oop for the
l'iquid phase, conprising a punp and an ejector and an external |oop for the
gas phase nnected tqQ the ejector eous solution is

0L of
i ntroduced eartehe uEe t/Tal_”so?0 §%d?fLQW%>EM“5rﬁCE rERESSOEYI andele Gt ai ni ng
1.10 6 gol/ ycirculation is
started up 7|a8t/9%0g(?}3?z a@y&{ﬁ react or Igcgﬁ@g%%@f%é 2 bar of oxygen.

The pressure is naintained constant at 200 kPa (2bar) by adjusting the
oxygen flow,rate. ,The d| um.sul phite.c on 1 s, nmeasured o calcul ate
Cha ot al - riteianghepe it et zenBined S Fis RA GRS Mot BeF Biels o GyERe aner or
coef fi ci entaRilysdeof PRdRy pHERRSAtRE P dfhhé ré&dtidRchy §asl 88rofnakogiabh
Preparation of the aqueous sol ution of glyoxylic acid Into the sanme’ r eact or
is introduced 7250 g of an aqueous sol ution containing 40% by wei ght of

gl yoxag 340Q0 b A =[al g0 ution of hydrochloric acid containing 37%
by wei Rt o xter—1ihe mxture is heated to 45C

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 loop 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 aqueous solution is introduced containing 0.8 mol/L of
sodium sulphite (NazSOs) and containing 1.10® mol/L of cobalt sulphate
(CoS0O4). 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 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™.
30



by the double jacket. 140 g of nitric acid containing 68% by weight in
water is then added. 10 mnutes later, 6 g of NaNOQ2 in solution in 150 g of
wat er i s wotwexheesd and the reactor is fed with oxygen atTaEPr@des@mbl about
200 NL/h such that the heat |oad exchanged is 1500 W(Q = 30 watts/nol e of
glyoxal). At the sane tinme, 232 g of an 9queous solution of nitric acid
containing 68% by weight is added at a rate of 2 g/mn (if not, the
reaction stops). The tenperature i s mai ntained constant at 43 Y- 2C. After
an addi t i oR)direnanation ohthe,agueous solutief of alvaxylie a@dmer at ure ramp is appl i ed
in order to reach 60 Cin 1 h. The oxygen add|t| on is stopped when reaching
601 NL. During the reaction, the pressure rises progressively to reach
about 800 HKie th8 share regat@ds intfuziucete 250aF bf am agseowstpoletion cdAtadingg of
reaction m'xt/ure i s obt ai ned. The re?cti on m xture conbal ns 18, 8%8f

gl yoxyl i c 4070y MgisialYRgl 24109 @' 8n apyepEs gobitianq Gy dmap chlyig ac
represepti %nﬁauﬁﬁg‘g‘f‘%wiﬁ‘/\rf]& h% nP261 1T B%rhistel. t?héﬂﬂ%\‘uw%théméﬁ 16 Bge¢ati o

KLa/ Qis |ower t , r to obtain a good glyoxylic acid yield and
a good conbgrtheaioublet jacketnelidsg af pittioacisecontaiing 63% dyrwejghhini wateofs nitri c

acid. In fact nipric acid is.co durln the actio causi ng the
f ormati on uﬂga AQI’B' H%Sd?t%ugtg %rﬁgﬁ@ %‘?‘JV $| gaﬂd"a&éﬁ

concent r at iigtfodfcetiefidfitl re@bt‘oﬁ* i feivith bﬁ}/éé]?afé 'F'é‘tb cﬁ'a!b@lﬁYQOG NA9h @uél‘?' ution.

EXAMPLE 2 The reactor described in exa is used with a KLa of 932 h 1

and a fl owthaittbe dlcatmmd gxchiangedds é&@@w\hé@ 3 90 watisimelet ofi Hyeedk t Afrthes

ol yoxal 032605 0e" 532 B AR et R SRR Bo ey 667 BV ety a7o6

by wei ght andda@éd abagatef ofvBgmiin Heon thie wegction ﬁ@pé)edme)téﬂ&arbwrél‘@ doubl e
jacket. 140 g of nitric acid containing 68%Db ht in water is then
added. 10 mal0tadred gerstantatytdHt/- 2°C. After an ad t|on o 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 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

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 the 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.



NaNO2 in solution in 150 g of water is introduced and the reactor is
pressurized to 400 kPa (4 bar) with oxygen. The tenperature is maintained
const ant w0 2d@®/09%7341C so that the cooling | oad exchange@cirEpkévs/osmabl e
jacket is 2250 W(Q = 45 watts/nole of gln\&oxal). The pressure is maintained
constant at above 400 kPa by adding 322 NM/h (NornoLitre per hour) of
oxygen as required. After an addition of 2 15 NL (NornoLitre) of oxygen in
about 36 m_n, the reaction nediumis heated so as to reach 55C in about 1 h

in order t Jh@e@ﬁtlﬂﬂ@és heated 47 @(Eﬁﬂ?ﬂg@@b'ﬂ]@%t ddd8igeofjnifieeacit onst ant .
Wh h 0 N
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addi tion i Nm@)pwesblmmw mgldﬁg\/eﬁéﬁlsmﬁmdﬂwﬁi dricethecr@ationiis pressaripeat e
(about 2 h he i nt roduction of reactjon mxture is

obt ai ned. 'f‘F\é8p & ARATIMINPYIEBNtT: Qyﬁ%r@@ﬂ%ﬁ '@?3’6@(‘9??@0%3@ tat4s
represegti n.gf @%b?tﬁatc{ﬁe%o@l ﬁ)a'd al ?Qd(ﬂ’\ %@%utﬂéi&‘k@k i ERERERY N9 @

conversion o e qua |ty ric acid consumed ess than 0.01
nol e per nelidewatts/gloj@rbglyoaalal Yhepressurads gmntphiwecmstarﬁeatebdvef t he

reaction by ) MPLE 3 The reactor descrihed, i p,exanpl e
R ond oA Ry SRS (RO e et Bow) oF Skiae 7 reatniatt Atgee o

| oop. Int Oafn%cﬁﬁéF?ofEﬁM\M(No‘Prﬁthfé)Q#%&g éﬁﬁpaﬁolﬂfBEﬁmlr@QHt@%@ct%ﬂ' ution
cont ai ni ng 40% by wei gl yoxal ;7 340 an aqueous sol ution of

hydrochl or ingeciginds ed 80 8§ teveecﬁy%& ab@u’cdl ReLodiey tokeapte heahe

m xt ur | d

cont ai ng lé}%&{é g&%ﬂ@ﬁéﬁ&%d%ﬁﬁ?‘&ﬂ%@?ﬁ@%@@d%‘%&q@%ﬁﬂﬁ@é (g)f@% 6 g of
added reaches 525 NL (NormolLitre), the temperature is increased in order to
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 glyoxal
(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
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.

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



NaNO2 in solution in 150 g of water is introduced and the reactor is
pressurized to 400 kPa (4 bar) with oxygen. The tenperature is maintained
const ant w0 28¢b#92731C so that the cooling | oad exchangedpcm/Erb@odsusbl e
jacket is 95 W(Q = 1.86 watts/nole of glyoxal). The pressure is naintained
constant at above 400 kPa by adding 13 NL1h (NornoLitre per hour) of oxygen
as required. After an addition of 250 NL (NornoLitre) of oxygen in about 18
h, the reaction nmediumis heated so as to reach 39C in about 18 h in order

to keep cortét hrkt S@ fratibacopliglaadceaongaged in e deilbe iagket iee®2 W t he

quantity of he e 0 r e ture is

i ncreased i%%%%g[rg/r?%g%gggﬁgcﬁi-hn% grg%%lfn(e?g %ahtathﬁc%@%g%%&%@i on is

fstoppeﬁ wheoOrkRec by agdﬁ?&S\NNé/zWWm%Le‘triﬁecpbm) deXy@efpbetreqlﬁiEdm%Eéfﬁ h .
romthe introduction_ of Na , 14.25 kg of reaction m xture is obtained.

The reacti & ﬁ'ffcﬁtt'cﬂl"r T 2 DNk Q’?@ré’@.l-ﬁﬁ)%)ész OxygeX ??Olﬁcﬁ%h’n&‘ﬁﬂﬁégté?ﬂi ng a yield

of 78% gnd n‘w@o‘ﬁ?mtié%a@e&% g& t&'réé{%?@ég‘fc?ﬁ S56NgYW irﬁor‘b‘é’ﬂY&FééBEoHétaﬁ? . 2%

The quantity of nitric acid consunmed is |ess than 0.01 nole per nole of

gl yoxal (arié eetloall exicbangs inpthestouie jdokebndheh theeuaatitt ofoxyggngas

chr omat ogr aphy).. MPLE 4 Det er,m.nation of the.total ss transfer

coe 11 ¢ encdpRbsag1es A0 RuaNagof e 815 Bhufiabft iniRcbasPoda o gt
reactor, prextPUstQ iPHbERN VM Thé bRY§En aBEHbRRSSoNDER vihdiPtIchingacket , an
external loop for the Iiquid phase, conprising a punp and an ejector and an
external | ®&28 Mlor the gas phase connected to the ejector, 10 L of an

aqueog solution is introduced containing 0.8 nol/L of sodium sul phite
(Na2Ss 9 and containing 1.10 6 nol/L of cobalt sul phate (CoSO) . The

external ciwkeh gid maction $¢ a6iprbtel Paddut4@0h from tedntrbeudctRAcéiNaNeg),),
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 coefficient (K, a) of the reactor

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

25 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 (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 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.



pressurized to 200 kPa (2 bar) of oxygen. The pressure is maintained
constant at 200 kPa by adjusting the oxygen flow rate. The sodium sul phite
consunpt iwo 20®/9eB3ured to cal culate the total mass trampsTtar2e0@sdesci ent of
the reactor. The total mass transfer coefficient of the reactor neasured by
this method is 563 h 1 . b) Preparation 8@ the aqueous sol ution of
glyoxylic acid Into the same reactor is introduced 7250 g of an aqueous

sol ution containing 40% by wei ght of glyoxal, 3400 g of an aqueous sol ution
of hydr ochlThei teta dapsclorndencer)figent hﬁéﬁ@ﬁpr geaspeed by fhismeipe@r . The

m xture is %g@é ed to 38C by the double jacket. 140 g of nitric acid

cont ai ni ng by weight in water is then added. 10 min later, 6 g of NaNQO2
in solution in 150 g of water is introduced and the reactor is pressurized
to 400 kPa (4 bar mnth oxygen. The te --rature i S, maintained constant at
38 +/- 1C £dHreE ¢ PAgeoussoldlomahgluaxylic 3Gi¢ doubl e jacket is 280 W
(Q = 5. matts/nnle of glyoxal) and the pressure i's mai ntai ned constant at
above 400 kPa by addi ng oxygen as required. After an addition of 400 NL
(Nor oL t r étodhe saygereactoras mitoddiced 1250 g eban iaqueorsisolntion chet@iddgso as to

reach 44C| out . n or o k t he heat, |.0oad hange. i n.t he

oarle e idbeR B misiahtor dhvdiet csad0e SF ER Augels Swinh s B D& 05

(Norm)Lr t r%bntatn"ﬂiﬁ tﬁ%%&%a?ﬁt érﬁ?d 26'13(6 gﬁ%tef‘ Phél Aixilfe fser?éé”teé%:BBFCabOUt 3
The oxy%en addition is s d when reaching 628 NL. Wen the reaction

|s conpl et ®y(the sioublesjanket o‘rﬁQgr@f nittie aeidconéainey AG&MGY)weight pevatgr if

o1 yoxy e diteEoud, AafhieGr.e YRR Phadlott buar gt etk =

represent i ngrédeavaicsinereatio? is pféssurized 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 (NormolLitre) 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 (NormolLitre), 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 NaNOy),
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 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).



The quantity of nitric acid consuned is |less than 0.01 nole per nole of

gl yoxal (anal yses of the gas phase at the end of the reaction by gas

chr omat ogwepby)e@izdl M5 1. Met hod for preparing an agueopsTHPRaWi0s0s6Df

gl yoxylic acid by oxidation of an aqueous sol ution of glyoxal wth oxygen
or a gas containing oxygen, characterizetin that the said oxidation is
effected in the presence of a catalytic quantity of nitric acid and/or at

| east one nitrogen oxi de, of between 0.005 and 0.1 nole per nole of

gl yoxal , iéﬂﬂﬁﬂ&iresence of a strong acid not oxidizing glyoxal, and - by
mai ntai ni ng conditions satisfying the equation KLa/Q > 10, where KLa is the
total volunetric nmass transfer coefficient (h~1 ) and Qis the heat | oad

liberated Hy tMetheddriprepétivd aa/aqubeusfso@ltlmxﬁlg)yoxgl|c abletbyookidatior of ng to
Claim1l, characterized in that a catiabytl c auantl % of nitric acid and/or
ni trogen oxi de@N£A46QHS SEIULIRRIALSHIPXE' With QY98N 67 adASCHURINKS YICg| yoxal .

3. I\/Etgod aCCEHélr'a'&Eber%thttﬁ‘ﬁrthQ an%lagtl&n %"@I‘fe%ted:har acterized in that a

catalytic quantity of nitric aC| nitrogen oxide is used, of between
0.01 and 0.06 nol e of glyoxal. 4 . Method accordi ng to any one of Cains 1

to 3, characterized bn t hat t he ni ttr en oxh{jefi ‘i@ﬁa/ ?[n g

fol | owi ng gases: nit! ?cPr%ﬁ&QF@? alaie g8 yo‘?d?!rﬁé'cd oF & 5954, 8R°
tetroxi de (N2O4) |, niflohERIRTE b'fBétvﬂfér(U@@é)ar@rO mrﬁélér;ﬁa? rh&eI¢iyoxal,. Met hod
according to any one ains 1 to 3, characterized in that the nltrogen

oxide i s sel ected inrtbepresericesefia streig acidmas cxidizingglyexal@ne aci d such as
sodiumgitrite, pof azsl WM EbAGtioRSLLUR NG thEbGuafSt RSSAD WHatE:

K_a is the total volumetric mass transfer coefficient (h"') 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
15 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
20 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 (NO3), nitrogen tetroxide (N2O4), nitrogen trioxide (N2Os)

25 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,

30 silver nitrate, copper nitrate or mixtures thereof.



silver nitrate, copper nitrate or m xtures thereof.6 . Method according to
any one of Clains 1 to 5, characterized in that a quantity of strong acid
not oxi diwongosgloymxal is used, of between 0.05 and 1 nolpeTmProcsob@6Df
glyoxal. 7 . Method according to any one of Clains 1 to 6, characterized in
that a quantity of strong acid not oxidi¥ng glyoxal is used, of between
0.2 and 0.7 nole per nole of glyoxal 8 . Method according to any one of
Clainms 1 to 7, characterized in that the strong acid not oxidizing glyoxal

i s sel ect ed®-fr Mathgdipecomdig o ami ene af/gladmedniocd. &dagactstizeshiny thet aci d,

p-t ol uenesul phqnkiG:aci 1 es, .t f - i Claim
8, characteri zggb'ﬁtﬁﬁﬁg{@b ﬂerg C?s(,c{ ﬁ%tn%(l(ggﬁgeﬁ%qxaifi lcji%\%! n%g%gﬁ@%%ﬁq%gaﬁd%
hydrochl ori ¢ aniale péPmoldvef higdxalccording to any one of Clains 1 to 7,
characterized in that as a strong acid not oxidizing glyoxal, a conpound
generating such a strong acid is used. 11. Method according to any one of

dains g4 tg.lol\/léil'?&ﬁ 3et Gl Oén@ %r?@g Klefims st tfbeé,"@%'ﬂa%tgﬂzéh fh (A3H41000 h 1.

12 . Method according to a ailms 1 to 11, c aracterlzeg in that
it is inplenengedntiyiaigtrang acghnaeitaddizioggyeiaids ased adbetwedn B.2aasdict i on
jet mxing nozﬂi pII aced ipt er r‘al I% or externally. 13 . Method according to
any one of O arrfs™P'q BE1PO'CA¥XEri zed in that it is inplenmented using an
apparatus conprising a reactor in a closed circuit with a built-in suction
jet mxing nozzle, an external |iquid phase flow duct connected to the

ej ector and.a peipod accondingle mmﬁoﬁ'glalmwngo branasacterizedrin that thet 1,

char achgr | zed %Hoﬁ&%rcioj ﬁotio§<idizing 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
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, characterized in that K_a is

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



i npl enent ed using an apparatus conprising stirred gas liquid reactors or
bubbl e col uims conpri sing packings. 15 . Method according to any one of

Cd ai s 1 wo 20ébjooetsar acterized in that Q is between 5 anecthEP2meiseb6nol e of
glyoxal. 16 . Method according to any one of Clainms 1 to 15, characterized
inthat the ratio of the total volunetritSmass transfer coefficient KLa
(h~1 ) to the heat load liberated by the reaction Q (watts/ nole of glyoxal)
is such that 10 < KLa/Q < 100. 17 . Method according to any one of Clains 1
to 16, charl4ct dathed aceording torany @ gekladmsd @ak!. charagtanizry txigkit is s

i ntroduced und . ~.Met hod
according to aﬁ@pl%@n@%&@%@p%n %ﬁé%}%ﬁ% go%ﬂ%ﬁ%@? 3??%@@3,9%{1 Iﬂ;ttaeag)@agrr] IS

used. 19. Met hbdblleaigihng compdsiignpddkingshar acteri zed in that the oxygen
consunption is between 0.5 and about 1 nole per nole of glyoxal. 20. Method
according to any one of Clainms 1 to 19, characterized in that it is carried

out at t e aéFBi t .« Met hod
accordi %g ?(@P&/gei‘th'né&gg,% cﬁ?r gct rg@%ﬁg%ﬁ;f&g@%ﬁé}gﬁe @ﬁpag%ﬁg

t enper at ur e bebeleer3b aGddid wbide/mol® 6f gdxalMet hod accordi ng to any one of
Claims 1 to 2 1, characterized in that the reactor is carried out for 1

hour to 20 hours.
16. Method according to any one of Claims 1 to 15, characterized in that the

ratio of the total volumetric mass transfer coefficient K_a (h'1) to the heat
10 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
15 between 200 and about 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 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
25 85°C.

21. Method according to Claims 20, characterized in that it is carried out at a
temperature between 35 °C and about 75°C.

30 22. Method according to any one of Claims 1 to 21, characterized in that the

reactor is carried out for 1 hour to 20 hours.



