WD 2009/ 092734PCT/ EP2009/ 050661 PROCESS OF PREPARATI ON OF GLYOXYLI C ACI D
AQUEQUS SOLUTION The present invention relates to an industrial nethod for
obt ai ni ngvequ@aws7gol uti ons of glyoxylic acid. The use eCTmpy@snsiser oxi di ze
aqueous sol utions of glyoxal to agueous solutions of glyoxylic acid is
known. The net hod 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 exothernmc, a safety problem nmay
ari se w t h BROGESS Qh PREPARAJION QR GLXOXYLIC ALID / :QUS 1 SOLBHO, g system
Mor eover, the nethod produces aqueous sol utions of glyoxylic acid
containing residual nitric acid which nust be renoved by | aborious and/or
costly subsequent treatnents such as el ectrodial ysis. Patent applications
EP- A- 349406, and CN-A-1634847 teach the use of nitric i de (NO) or sodium
it te (NGRS RY S LR S 1 pboidaitifalheobbl aBlEifo sdubothg

i norgani ¢ apiiord @ ghoxpiciaeighl oric acid. However, these nethods generate

| arge quantities of N20"due to the nitric acid consunption, which are

rel eased into the atnosphere or nust be treated by destructive nmethods. The
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obtain a hiyg ug yoxyl’'I°c acid yire ain a oxXar™ conversi on,
t o decr easefgh@xgnacians koowaf nitric acid and/or nitrogen oxides, _ to
decrease the formation of N20 gas which is harnful to the environnent, to
mnimze the formati on of oxalic acid as by-product, and to avoid a high
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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.



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 glyoxal, 1in the
presence wb 2a0%me3ag aci d not oxidizing glyoxal, and PCTRP2000i086681 Ni NQ
conditions satisfying the equation KLa/Q > 10, where KLa 10is the total
volumetric mass transfer coefficient (1-421) and Qis the heat |oad

| i berated by the reaction (watts/nole of glyoxal). In the nethod
according to the invention as described above and in the rest of the
description, the quantity of glyoxal, expressed in noles, is the quantity

of 1sgl yoxaﬂhe‘ﬁﬁ%‘nt’idﬁ tthlé?efgpéJF‘enéi%s% g%b%d%{ gfbfpsaﬁ‘ﬁﬂg%n %éués%rsec l'étgcﬁ Len

reaction e i nventl on € OXi ron-ca rom
nitric aci ¢glyanglioaci sy dxidgkon OﬁatﬁlequB@mS/\B@I[]tlarboﬂglyﬁxélﬂﬁltfaodyghrﬂ.oﬂa| e of
catal yst is ener ally used, preferably between about 0,01 and 0.07 nol e of
cat al yst, GoRt Q'PE‘GI%S?”Q ?W@é‘ﬁeé%ﬁ}a t§e gaigixi¢aten igsiiectd cat al yst,
per mol g of glyoxal. The nitrogen oxides may be selected fromthe follow ng
gases: nitric oxide (NO, nitrogen dioxide (NO2), nitrogen tetroxide
(N204), ni trogem the pbesdeceg Nﬂezz)ataiytimqmmtityegf hltee aoid. argoriat Ieastrorgaen

oxi des, nention can be net al f nitric aci d ni trous acid
such as sodi um MFP9EEOX! %’t th'aneﬂlor@?% @nd @ohm?ﬁﬁ RFt mee léf%l%lm um
nitrate, silver jnifd Qltéé,ené@Bpﬁrstﬁ@inpra%ﬁ@anoﬂb?ﬂr@@?oi(é]eéﬁd’f 30Accor di ng to
a preferred aspect of | ement’ati on of the 1nhvention, nitric acid is

used as an oxi ddmfuraalnct:@m@gmdltm@ sptisbingaine ewrationtfal@on1 dfwhere Hia ri c
acid be si 1 0 tion by
nitri g%V\O 2009/%%@%@%&%%%6&%&@§§FgééﬁgghgUgr’}%ggjsﬂg% é(hg | on can
be made of aquedwid Bisdrdtddpyp thef reiction ¢wags/thdl@ ofglyoraignt ration of 20 to 68%
by wei ght.

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



The inventive method is inplenmented in the presence of a strong acid which
5does not oxidize the glyoxal. It is preferable to use a quantity of

bet ween OWO2o@nd2B4nol e of strong acid per nole of gl yoralr/EPasud/050661
particularly a quantity of between 0.2 and 0.7 nole of strong acid per nole
of glyoxal. In the context of the presen8 invention, "strong acid' neans an
acid having a 10 pKa lower than 1. Anong the strong acids not oxidizing

gl yoxal , mention can be made, as exanples, of hydrochloric acid,

hydr obr oni @citi4s aﬁLﬁﬁ@mﬁWchBI'@“ CQOIbGH'Bﬂij@ 0§ 8n|eOLs80Jutigns of nitric acid

p-t ol uenes%P rwcgﬂﬁé Ocﬂff(?f@ggtys%%g” c acid or mxtures thereof, or

nore particula I'cacl ot her exanpl es of strong acids
not OX|d|2|ng glyoxal mention can be nade of ion exchange resins of the

sul phoni c e which are sol d upder rious trade n such as AnberlystO
15 and Do '@W'Vﬁe@ﬁ "%H@p%@ﬁ@ﬁah@ me"@seag@@ ac%ﬁ?é‘gsﬁc'% ?1

pol ysty5enqj0§§%%m.gégfh%qu?@g% #Ss P %%]@F%?é@o ar%@@‘bi@&veb}ﬁlﬁl?éso“
commercl al resins may tabl e such as per uor nated resins bearing
sul phoni c @ndubmcdmohstamgxlatldm m@emig]yokdbaamdagarbuﬂayy asquammg/ @i ds are
used in aque us S nd ferabl r | o c acid in agueous
solution i ?P @e# @\Bi%ﬁ'oéﬁ 8{1 reng §e,| éﬁtgr 8cor di ng to an

alternative of the i nventive nmethod, a conpound generating a strong acid
not OXIdIZIn gl yoxal can be used. 30In the context of the present
|nvent|on dﬁdtgfetherme‘se@ iaventioon (steptigdacidt mernslianianid hayiogd " neans

2s def iRe ?%ﬁﬂ ORRRLT" Rl B oS hol SrBREEN Bl RisRBH 2R oyt "
chlori de ( BeGhade, anexampies, @ﬂh@o&bl@ﬁcmlﬂh%&)brom acid, sulphuric acid,
2009/ 092734PCT/ EP2009/ 050661 4 1 ncr easi ng.the transfer bet ween t he gases

and the | i §YIRNOHIC agids ﬁéﬁf&ﬁﬁ@ntoﬁ-ﬁteéhﬂﬁ@néﬁwaﬁ?'ﬁp@ﬁ%ﬂe $Lanenie agid @he
present | NG04 Ii00 GRS drk FfNa AYBERRARSdIe | nPUL of nitric acid

and/ or nitrogen oxide Wh he "one "hand, 5a good gl yoxylic
acid yield and, on the other, a high glyoxal conversion rate.

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.



According to the invention, the ratio of the total volunetric mass transfer
coefficient KLa (I-11) to the heat |load |liberated by the reaction Q

(wat t s/ nolve 2069/9kaxal ), nmust be such that KLa/Q is higlren/mrbem/0i@e1 10 The
value of the total volumetric mass transfer coefficient can be determ ned
by the nethod of oxidation of sodiumsulf$hite by air as described in the
article in Chem cal Engineering and Processing, 33, (1994), 247-260. 15For
the equation KLa/Q >10 to be satisfied, it is inportant, on the one hand,
to adjust the total volunetric mass transfer coefficient and, on the other,

the terrpergéaregsﬂé tﬁ@‘?ran%fétlﬂ'b%t\%&?ﬂw@éaé&eaﬁc?ﬁfetI'|cgnd gi]eﬁt@a?ﬂgn% 0&ehp! et

flowrate as contai ni ng ox IrfFst’condition
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1001-11 an l'enent "t i nvent i use can be nade,
for exanple, of an apparatus conpr|S|ng reactors mﬁth a suction jet m xing
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and conprising a punp. Use can al so be made, for exanple, an appar at us
conpri si ng géyqnai)emt@ébelauqbuthatﬂé@é@dss sigher Hasb@. col ums corrprl si ng

packi ng@ 5 The value of KLa is adjusted by neans of appropriate technical
measur adapted to each type of reactor. The inventive nethod is

advant ageoq&ieyvauum@bemtbml volurBetrie anasy trahdfBr sosfficichoban Bk deiterniigedoyz! e
(jet reactor The heat load Qliberated by the oxidation reaction

can be det éh@rmﬁiGOGﬂ phaxigaton of §‘P<Ij'HW $ypkitriBY iedrAs @%%bﬁd@t%@gid%( int / nG
where: 15D digafl ERYInEETISy Gha WhEEsdify, FU e, bhg Jepact or,

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.



Op is the heat capacity of the water and, At is the difference between the
cooling water inlet tenperature and outlet tenperature, nGis the nunber of
nol es of wbyoosal927320 Preferably, the reaction is carri e¢CompP2000a80661
conditions such that the value of Qis between 5 and 150 watts/nol e of

gl yoxal . The value of Q can be adjusted By a variation in various
paraneters such as the liquid phase tenperature which affects the oxidation
rate, and, in consequence, the heat |iberated by the 25oxidation reaction,
or the inlet flowrate of the oxygen or of a gas containing oxygen.

Accordin I i f i Lon, At | e total
vol unet rigctdngaess ?gés e&%ggg@;ﬁé&@ tlé,&ﬁgn%ﬁ%%@?oco%ﬂg’%@d%ﬁ’ﬁrgighgi ber at ed
by the readiuinhre@ctné vablbblendcturahs gbyrpxing paskiigsde such that 10 < KLa/Q

100. The inventive nmethod is generally inplenented by addi ng an agueous
solution of hydrochloric acid to an aqueous solution of glyoxal, while

i ntrodugin ! hhE L [ N i addi ng
sodi um ﬁi t?}k\%;\/eﬁtgé’tﬁﬁgﬁa %'Oé(gg%tt%laotﬁ; rrrrlggﬁ%'r%?a?ﬁr@y?%ﬁé@hl&%ﬂlﬁﬁa}égﬁé& ng oxygen
or a gas cadppiad togeanhylype of seadioasTiaé inventide meihpd ésadvantajedsiyveen 200

and about 3000 kPa. , . Pref er abl xygep i.s used. In. thi ase, the
oxygen coné@ﬁ%??%ﬂegénBé?ﬂggﬁ“@8f§sﬁﬁﬁ%§ﬁgﬂymﬂgHBF@365?rﬁ%ﬁgﬁof gl yoxal . As
aqueous sol utions of glyoxal, use can be made of aqueous sol utions of

gl yoxal available in the industry, normally containing 5 to 50% by wei ght
of gl yoxal .Themkeatdead Qoibanatesety Ey/wetcaq@@thm reeetion can bemsuiemoined figen Ween

anbi ent ~te r about 85C, advantageously between 35 and about 75C.
| f necigsa?@fgvﬁhgeﬁgﬁggq'ature can be adjusted in order to keep the heat

| oad Q constant.

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



The reaction is generally continued for 1 to 20 hours. The reaction m xture
obt ai ned can be used as such as an aqueous solution of glyoxylic acid in
vari ous apploeaesas. Alternatively, the oxalic acid carchEr2@sepm@bat ed
fromthe reaction mxture by crystallization, to obtain an agueous sol ution
of glyoxylic acid. Advantageously, the reaction mixture can be further
purified by nmeans known per se such as distillation, treatnent by ion
exchange resin or electrodialysis. 25The invention is illustrated in a
non-|im ti rgacHaaedipyn.tand firallydw ingodkeingiaxygen gpa gas containing oxygen,

2009/ 09273@9%'5%991%%59%?é%ug%%bﬁeén 26@ a%t%orl{mt gagg%ﬁ,agf t he total

mass transfer coerficien e reactor énanel | ed stee
gas liquid reactor, previously purged with nitrogen, equipped with a double
j acket, an external |oop for the |iquid phase, conprising a, pu and an

ﬂ% '£'Pi%

f q
ej ect or andTEIEBRY ePREEN igaiseHorn {IHE C388. HRBYIEBFRBEYBR &ctor, 10

L of angaq I bSd ntaining 0.8 nol/L of sodium
sul phi tg (g%@g%%gﬁghmtb;éﬁﬁge?@g%%ﬁm /L of cobalt sul phate 10(C0SO4).

The external circulation is started up at 500 L/h and the reactor is

pressurized, to 200 kPa (2 bar) of oxygen.,K The pressure is I nt ai_ned

Bonst ant st aaHs SRl A CAT Lo T UeOUR R LSS sul phi ¢ o
consunpt i oylyoxaBasiRs i heGAd GsthaidrhBRy Eeh@iniNG S0 1508H B Slei§Redf | ci ent  of
the reactor.” 15 The total mass transfer coefficient of thé reactor measured

by this metdhskal.s 9321-11. b) Preparation of the aqueous sol ution of
quoxvi'c acid 20Into the sane reactor is introduced 7250 g of an aqueous
sol uti cont ai ni ng

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.



40% by wei ght of glyoxal, 3400 g of an aqueous sol ution of hydrochloric
acid containing 37% by weight and 2611 g of water. The m xture is heated to
45C by t hwocoashlog7stacket. 140 g of nitric acid containi rgTGS60owsowei ght in
water is then added. 10 minutes later, 6 g of NaNO2 in solution in 150 g of
wat er is 25introduced and the reactor is/pressurized to 400 kPa (4 bar)

wi th oxygen. The tenperature is nmaintained constant at 43 -Fl1- 5C so that
the cooling | oad exchanged in the double jacket is 1500 W(Q = 30

wat t s/ nol e%ﬁ_uﬁk&.!al) and the pressure is maintained constant at above 400
kPa by addi ng oxygen as required. After an addition of 400 NL (NornoLitre)
of oxygen in about 2 h, the 30 reaction nmediumis heated so as to reach 60C
i n about 1 d)Delbenioatigeof tiddiotal onagsstransippeceffiibient (Keag bf thg @28tdd.. 8 Wen
the reaction is conplete (about 4 h after the introduction of NaNQ2), 14. 24
kg of reaction m xture is obtained. The reaction m xture contains 20.3%
of gl yoxyli { d, i ik fAX 0 al
represe‘ﬁti rllg a}%cgr?\?gfrg”%ﬁ 0 él%.sg%ﬁﬁh%ﬁréﬁh tyaﬁlgﬁﬁe?i@ﬁagﬁﬂ consunmed is
| ess t han @qbippeol witlperdoublesjackeiylapexdernpbioabyieethediquichphgss, qomgesieg t he

d of th ti by . h t hy) . . 10 COVPARATI VE MPLE 1 Th
b ocedur o FoRUTPERY FTHeERiorang N pLSE iAo oS BB PhANS LOTRRCFEAe fion | <
carried outgjetigier 090864k ba0SoSdIEHUtiIBRTs KkBdlcEd Entafiiey Ot AoILYf 15a)
Determ nati on of the total mass transfer coefficient (.K'_a) of the reactor

In a 20 L eediven suphiedbin$@s) andjoenfainiag f 3i0° mokl obaebslt pulphate wi t h

phase. Tompeosthy 1Bt arGy aole Stenlug at 800 maRe e Facttene "gas
phase connggésslirizedttb@080d L 9dr) ol Bxyga. The PERERONS isS@hitainadicdnsRint oduced
containing 0.8 nmol/L of sodium sul phite (Na2S03) and containing 1.10-6

mol / L of c@ha0P kEa binadiustins HeioxygemdiQw faten dine:sedivnaaulpiiite conguaptian up at
200 L/h i j t - i
200 L1 ands b LRaFh ka5l S ek Rt gyBane Zigopr essur e i

The sodi um sul phite 25consunption is nmeasured to cal culate the total mass

transf coefficient of the
% e to(fal mass transr}er 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.



reactor. The total mass transfer coefficient of the reactor neasured by
this nethod is 1961-11. WD 2009/ 092734PCT/ EP2009/ 050661 9 b) Preparation
of the agueau®/®oizuti on of glyoxylic acid Into the sameCTE®ed9ns50661

i ntroduced 7250 g of an aqueous sol ution containing 40% by wei ght of

gl yoxal, 3400 g of an aqueous solution o8 hydrochloric acid 5 containing
37% by wei ght and 2611 g of water. The m xture is heated to 45C by the
doubl e jacket. 140 g of nitric acid containing 68% by weight in water is

t hen added.WWhen thenigastion &g epmpiste (AouidNoaftenthedntiedeetiamofi50 g of water is

i ntroduced rﬂa’}&’?]t taor 1s. fed w at a rate of about 200 NL/h
such that the Qgﬁ?%gg 0e>£%¢1cf§tlr?8e '%ﬁegg%}/ﬁ = 30 watts/ nol e of glyoxal).

At the 10sane time, 232 g of an aqueous solution of nitric acid containing
68% by weight is added at a rate of t he reaction stops).

] 02(9][m'n(l_if nd(z)t, ,
The t enper 3t §r&2CHORNEIHHES FRifaisal-ar O8lY/lic/acia cerrgserting A YAelgiafi on of

400 NL gf i i lied in order to
foach eBC 1o B IRyl ot Y & oo 0T B i ng 601 L.

During the reaction, the 15pressure rises progressively to reach about 800
kPa (8 b L wWen the . ti i. I 14.37 kg of ti

it tre. | s 1B iy O Riric Seid SPEsuARgS 1K aTHpE O e ol o b e G gloxy i
aci d, reprggealseopthil lsthitdse2st thé énanst tRe Ad36tRh &Jy&(é‘hrorn@élb%%?g&?.ng a

conversion of 97.6% The results show that when the ratio KLa/ ower
than 10, in order to obtain a good glyoxylic acid yield and a good

conver $hoN,~htag e a much larger quantity of nitric acid.
In factﬂ,) th) P 7 b med during the 25reaction, causing the
formati on of undesirable by-products for the environnent

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



and a high concentration of residual nitric acid in the final glyoxylic
acid solution. EXAMPLE 2 30 The reactor described in exanple 1 is used
with a Kiwoabosd2h411 and a flow rate of 500 L/h in thepexteres@losiéepp. | nto
this reactor is introduced 7250 g of an aqueous sol ution contai ning 40% by
wei ght of glyoxal, 3400 g of an aqueous $ol ution of hydrochloric acid
contai ning 37% by wei ght and 2610 g of water. WO
2009/092734PCT/EP2009/050661 10 The n1xture |s_heated to 47C by the double
jacket. 1 gt the gl glyg 26ight in water is then
added. 10 n1nutes | ater, 6 g of hthQ in solutlon in 150 g of water is

I ntroduced and the reactor I's pressurized to 400 kPa (4 bar) w th oxygen.
The t enper attortheisanmaigactirie thtraeedm258tg 6Badajueds solutibmicohtainingol i ng

| oad exchan in the double jacket is 225 watts/ nol e of
o yoxal) G by MGty ol A AT SBAGLEANS SOUEE0RE THBERICA Gddi ng

322 NL/ (l\d%hfg%h (r9pSy DAL DaRS 26Xy 69 yAer T iflurd I 6188 1addhel on of

215 NL (NormoLitr nin , e reaction nmediumis
heated so &y the doebtduaﬁm i O olinitric Acidrcomtaleingt @ % dypveigbt inematet & | oad

exchanged in th ket co st . en _the quanti of .oxygen added
Feaches 524758 SORET PR RERS i S SNl & s fod FE IS e hasBtly T o r each
65C in aboyhtrgflidsdmbndihe res¥ees ﬁééWthh 953\ége§1 gt S PRebMbRN Q@@‘NL/H@U@HS NL.

15 When the reaction is conplete (about h fromthe introduction of

NaNC2) , 14t theg hemt m@lcexmﬁngedtlsuﬂéow ¥V (Brasdadttsimelerafglyexah). Mikther e

0. 5% of Ogl yBIH (enr e ot S ERUTEFOATE Al 8ubi e AR Wt "
nitric aci ds aanedaed rae dfesg/nindll ndt,Ghe Meh&idPestop®). €THY tephpyarsalre 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 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.



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

chromat ography). EXAMPLE 3 25 The reactor described in exanple 1 is used
with a Kiwoabosd2h411 and a flow rate of 500 L/h in thepexteres@losiéepp. | nto
the sane reactor is introduced 7250 g of an aqueous solution containing 40%
by wei ght of glyoxal, 3400 g of an aqueol@ solution of hydrochloric acid
containing 37% by wei ght and 2610 g of water. 30The m xture is heated to

33C by the _double jacket. 140 of nitric acid containing 68% by weight in
water is tH&¢ madee.is heatadhio Qbymedw@edﬂcmémougrpfsmﬂr@ta% in 150 g of

water i | 0nORAEeAnD) WSaf CASHAL: KSnBRERRME’ Bl RADRETR 4 Do) with

oxygen. tal ne cons
2009/ 092734!%(5]@5?2&&91"@5%1550 § bf waterli€ nstooddrtfe‘d drivetheoebictyy id prsssarzétinged

he doubl e = / nol f | ). h
L atnt ot e d0b RS ara i nygen 00 NeNE TR SR M OERP SONIERBET the ner
hour) of oxygei trﬁﬁCiH%rc%Ghn da%re ggd‘irﬂﬂ{éﬁéutﬁégadwet @V@zm\wg he) of

oxygen I n about e reaction malumls ated so as to reach 39C in
about 18 h 45nwattsieole of gyepald.onbegnessure iheaintbved constenigd above he doubl e

i ket tit d h 500 NL (No th
e at . 200K B B0hing’22Y WAL GTe L5 neR BeT o BRvedT b Foqurec Aftdy 0
addi tion '?ansédmlﬁ&ﬁof/\@%'Nﬂ_e(Ndﬂr‘rMn %fN&N@érQ.ﬁ/%émt:@mr@qrﬁélr@ébﬂoﬁ conpl ete

(about 46 h fromthe introduction G%’ reaction m xture
i s obt ai nednedium iseatecse 85 da rﬁach @5°é$ trbanb@utrﬂsh Iposiy &6 kgep dxg/heat aci d,

conver $Pon A e Eibeltia e ARYR)Sei T RpbRER A iF B latit e OBRER han 0701
mol e per neldgedfregtiye®x825 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



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

chromat ography). 20 EXAMPLE 4 a) Determ nation of the total mass transfer
coef fi ci emb 20d0/092)340f the reactor In a 20 L enanel | ed streglEpgas/okicgLi d
reactor, previously purged with nitrogen, 25equipped with a doubl e jacket,
an external loop for the liquid phase, cbhprising a punp 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 nol/L of sodium sul phite

(Na2903) arth E8nsaiiatibe £o0td aRl PHEhanaas ki QeltinReel SHEOH (Qfe
t | ci ' ' d L/ [S,.30
o essuri zed 10 Bk SSMEEER e Fostife trieiiRined Bt datdter

const ant at40_ﬁO(Pd<E’5aaUdiOr|@d1mNLi!mgxlldrh&)ch?(]eygenhbdluowf oaygen ﬁb]iee@un'tém][r}:c\ﬁeﬂ phi te]c
consunption is. peasur cul ate the total mass transfer coefficient o
t he react ol a%'%@&%@%ﬁ%@f@@%@%ﬁ@%@ qbouthkd h.JngIreaslan t r anst er

coef | chentm@liuffie Hedfed 86 aSRGHESHOL bBoutoidWih bitier &7 kBed coldtant
Preparati on of the aqueous solution of qglvoxvlic acid 5 Into the sane
reactor i s thehesatload@®xzhs0ge irotheanounie Emkst. s\biheni tor quantity ofi oxygé0% by

wei ght of gl yoxal, 340 f .an _aquequs sol ution of hydrochl.ori cid
contai ni ng 2aranvacie R0 M \BRTRLYT PesBmberahed s BEmaSeAR etk dE (o asc
by the doubfgeh 38%Stn aBd& ﬂ)_l‘?ﬁn.ml'hé'o&%g‘@rh ddamBhad Q!d&%e@&?ﬁé?ﬂéé\%hﬂ"%t In
water is 10t hen added. 10 mn |ater, g of NaNOQ2 in solution in I50 g of
water is i®28ddluced and the reactor is pressurized to 400 kPa (4 bar) with
oxygen 0The tenperature i s maintained constant at 38 +/- 1C so that the
cool i na) | oad exchanged in the double jacket is 280 W(Q = 5.6 watts/nole of
gl yoxal ) amihémeheprezmsion és tomprita(abaLedieco fidhrathie iatroabetion ¢Q0alBa) by addi ng
oxygen as 15required. After an addjtion of 400 NL (NornoLitre) of oxygen in
about 3 h, D ket reashioneRXiMieiisOR®NH so as to reach 44Cin about 9 h in
order to keep the heat | oad exchange in the double jacket constant. Wen
the quantity of oxygen added reaches 500 NL (NornoLitre), the tenperature

I s i ncreasdte reactiolemiktare eanthins3X0D.B% afgiudxydictacidl represggtimg addeldiodn i s

st opped_wh eachi ng, 628
PP ﬁiS %% an Iessgthan 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.



20 NL. When the reaction is conplete (about 15 h fromthe introduction of
NaNQ2), 14.26 kg of reaction m xture is obtained. 25The reaction m xture
cont ai ns W0.28840p73gl yoxylic acid, representing a yield eCTi#w@nsieo1 5% of
gl yoxal representing a conversion of 97.5% The quantity of nitric acid
consuned is less than 0.01 nole per nol eldf glyoxal (analyses of the gas
phase at the end of the reaction by gas chromatography). 13 CLAIMS
1. Met hod for preparing an aqueous sol ution of glyoxylic acid by oxidation
of Therfo Eﬁitﬁ@@ﬁﬁs’fr@r@ﬁf@*’t sepfligeniyPhibraeacior m%@y%bbihlénﬁéoéont ai ni ng
oxygen, Schaggeterized in that the said oxidation is effected in the
presence 01'J a cat alytic quantity of nitric acid and/or at |east one
nitrogen oxi de, of between 0.005 and 0.1 nole per nole of glyoxal, in the
presence of a strong a |d not OXIdIZIno gl yoxal , and 10 - by mmai ntaining

) S ERARAL S Ol S #d¥e KLa is the total
vol unet 5i ¢ mass transfer coeff|C|ent ( 11) and le the heat |load |iberated
by the reaction (watts/nole of glyoxal), 2. Method according to daiml,
char act eri Zmrio the saha r%o&a‘tialiryctdduoqdﬂrﬂ‘éiOtg/oban afneous solatonl canw@irung ni t r ogen

oxide is us%qo bgfwet?gertmt\'\%eglyoxa?%fdb g of an a%legug solu%n%f %];/d%lc}lw?oxr%l acid

containing 37% by weight and 2610 g of water. The mixture 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 NaNOz 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 (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).



3. Method according to either of Qains 1 and 2, characterized in that a
catalytic quantity of nitric acid and/or nitrogen oxide is used, of between
200. 01 amnstoQo@B9pmlse of gl yoxal. 4. Method accordi ng topremgrese/osdecCl ai ns 1
to 3, characterized in that the nitrogen oxide is selected fromthe

foll owi ng gases: nitric oxide (NO, nitrbden dioxide (NO2), nitrogen
tetroxide (N204), nitrogen trioxide (N203) 25o0r m xtures thereof. 5. Method
according to any one Cains 1 to 3, characterized in that the nitrogen
oxide is sm fromnmetal salts of nitric acid or nitrous acid such as
sodiumnitrite, potassiumnitrite, sodiumnitrate, potassiumnitrate,
30silver nitrate, copper nitrate or m xtures thereof. WO

2009/ 092734PCTM=ROD WrGrepérind dn Ggebbe doktionrodigh@xiylic acid ynexidétidd af ns 1
to 5, characterized in that a (;au nti %I of strom}; aci d not, oxidizing gl yoxal
is used, of beflEENCOUBHSOMAND Q%(GL HN By gernOr § 9asxeAntaifing Qpigend

accordi §g to apy,eredGh #hamnd shiy SxidSHsH %]?éfgédté(?d in that a quantity of
0

r
strong acid not oxi §a|2| ng gl yoxal 1s used, etween 0.2 and 0.7 nol e per
nol e of gl yoxal 8. Method according to any one of Clainms 1 to 7,

characterized in th t he 10strong .agi.d not .oxidi.zi ng.gl al_.1s selected
From hydr ochl of i ¢ BaN8 PIESAIGght 2oUr SUSCRHINTE SHd aalor at l€astBn€ ™"
p- t ol uenesul phoni _Cni%ﬁén%(id@, BF UEBRed@088fand. 1YRblRGEransIe dlightbxep C ai m
8, characterized in that the strong acid not 15oxidi zing glyoxal is
hydrochl ori ¢ aci d. in the presence of a strong acid not oxidizing glyoxal, and
10 - 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 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.



10. Method according 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 i s uwedooa®2i. Met hod according to any one of O aPus/EP2609/036861
characterized in that KLa is between 100 I-11 and 1000 h-1. 12. Method
according to any one of Clains 1 to 11, tharacterized in that it is

25i mpl enent ed usi ng an apparatus conprising a reactor wwth a suction jet

m xi ng nozzle placed internally or externally. 13. Method according to any
one of O aifws E"Q’%OQEPCQ’HH}%*@@N orglof QlaimatT forS.icharacterized in thgt @nent ed

usi ng an appar : .Sk Q. eact.gr i | e b G U] [t

bui 1£- i n sacti daciy HRirbRy 2RistyEBadang! el iR B oo B el
connected to thwlepechwie afiglyaxpunp. 15 14. Method according to any one of
Claims 1 to 11, characterized in that it is inplenented using an apparatus

conprising stirred gas |liquid reactors or bubble colums conpri sing

packi ngg. 515. 1 ; f i i . racteri zed
in thatéQ ;Ers' bmﬁggéﬁﬁg{%{)&q \k/é\(??e:? ﬁ%@ﬁgﬁ g%?xﬁ?&?%&%twgggaccordi ng
to any one of Guaitity of strongd B cicchairaddizingzgyoxah ig hsed, tdfdetvaeérn0X andhe t ot al
vol unetric masajragezf er ¢ ef{@ci er]t KLa (I1-11) to the heat 10l oad

| i berated by t " P%WO%? Y29 ol e of glyoxal) is such that 10 < KLa/Q
100. 17. Method according to any one of Clainms 1 to 16, characterized in
that the oxygen or a gas contai ning oxy?en is introduced under a pressure
of 15bet wedn 20ethod ageerdingzioomkene of Claims 1 to 7, characterized in that the

10 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
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.



18. Method according to any one of Clains 1 to 17,
oxygen is used. 2019. Method according to Caim 18,

characterized in that
characterized in that

t he oxygewocosawepli on is between 0.5 and about 1 nol e penr/predms/osdesgl yoxal .

20. Method according to any one of Clains 1 to 19,
is carried out at a tenperature between &nbi ent tenperature and about
2585C. 21. Method according to Clainms 20, characterized in that it is

carried out at a tenperature between 35 C and about 75C

10

15

20

25

30

15.

16.

17.

18.

19.

20.

21.

22.

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.

Method according to any one of Claims 1 to 14, characterized in that Q is

between 5 and 150 watts/mole of glyoxal.

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

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.

Method according to any one of Claims 1 to 17, characterized in that

oxygen is used.

Method according to Claim 18, characterized in that the oxygen

consumption is between 0.5 and about 1 mole per mole of glyoxal.

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
85°C.

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

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

reactor is carried out for 1 hour to 20 hours.

characterized in that

it



