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5 Introduction

The preéent invention relates to a novel, improved process
for preparing and isolating free organic acids such as
carboxylic acids, sulphonic acids, phosphonic acids and
especially alpha-hydroxycarboxylic acids from the

10 corresponding ammonium salts thereof.

Organic acids include the group of the substituted
carboxylic acids (I-III}, sulphonic acids (IV) and

phosphonic acids (V):
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R6-SOH 0 251V 2 phosphonic acid: 0 WP-OH OH V Hydroxycarboxylic acids
are speci fwo zorLbpayLé80aci ds which 5 possess both acraEb2830/95dUWR7and a
hydr oxyl group. Mst naturally occurring representatives are

al phahydr oxycar boxylic acids, i.e. the pydroxyl group is on a carbon atom
adj acent to the carboxyl group. R8 NH 10l a I nportant

al pha- hydroxycarboxylic acids are, as well as lactic acid, glycolic acid,
citric aci i.csacid, also 2-hydroxyisobutyric acid as a

precur sor %?8%§?%§%%y #%décid and nethacrylic esters. These find their
main field of 15 use in the preparatio%)of pol ymers and copol yners with

ot her pol yneri zabl e conpounds. An aIpthhydroxycarboxylic acid which is

| i kewi se conmercially inportant is _2-hYdroxY4-nethylthiobutyric acid,
which is typically referred to as thifsniféHhydr oxy anal ogue (FHA), and
plays an inportant 20 role in animal nufgrition in addition to the
essential amno acid nethionine, in pargicular in the case of nonogastric
animals, for exanple poultry and pigs. Racem c WMHA can be used directly as
an aninal feed additive, since there isga conversion mechani smunder in
vivo conditions in sone

Hydroxycarboxylic acids are specific carboxylic acids which
5 possess both a carboxyl group and a hydroxyl group. Most

naturally occurring representatives are alpha-

hydroxycarboxylic acids, i.e. the hydroxyl group is on a

carbon atom adjacent to the carboxyl group.
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‘Important alpha—hydroxycarbOXylic acids are; as well as
lactic acid, glycolic acid, citric acid and tartaric acid,
also 2-hydroxyisobutyric acid as a precursor of methacrylic
acid and methacrylic esters. These find their main field of

15 wuse in the preparation of polymers and copolymers with
other polymerizablelcompoﬁnds. An alpha-hydroxycarboxylic
acid which-is likewise commercially important is 2-hydroxy-
<4FmetHY1thiobutyric acid; which is typically referred to as
methionine hydroxy analogue (MHA}, and plays an important

20 role in animal nutrition in addition to the essential amino
acid methionine, in particular in the case of monogastric
animals, for example poultry and pigs. Racemic MHA can be
used directly as an animal feed additive, since there is a
conversion mechanism under in viveo conditions in some

25 species, which converts both enantiocmers of MHA te the
natural amino acid L—methionine. This involves first

oxidizing the 2-hydroxy-4-methylthiobutyric acid with the



25 species, which converts both enantioners of MHA to the natural am no
aci d L- netnd o2dbe/094630 i nvol ves first oxidizing theCT/EP2010/051787

2- hydr oxy-4-nmet hyl t hi obutyric acid with the 3 aid of an unspecific

- oxi dase to a-ketonethionine, and then cnverting it further with an
L-transam nase to L-nethionine. This increases the avail able anmount of
L-nmet hionine in the organism which can then be available 5 to the ani mal
for growt r capbx hisniset héﬁdof:héﬁe
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t he 155 ndust ehal dyimapofdangrowoduct s met hacrylic aC|d and net hacrylic
esters. Al organic acids foini the correspondi ng ammoni um salts with
ammoni a, for_ex f a; of
nnnocarboxgllcrgggd g%§§ %5 ﬁﬁp&@?a BB§?§L QE?HgAégoF%?EgofotPﬁe state
of the artbebsphadhydrexyeaxrbkyl peidei wéthr 6hpr ereeadl yLprBpaRed®from
their parent 25 cyanohydrins with the aid of mneral acids, for exanple
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10 Important beta-hydroxycarboxylic acids are, for example,
3-hydroxypropionic acid, 3-hydroxybutyric acid,
3-hydroxyvaleric acid, 3-hydroxyhexanoic acid and
3-hydroxyisobutyric acid. Just like 2-hydroxyisobutyric
acid, the latter can likewise serve as a precursor for the

15 -industrially important'produCts methacrylic acid and:

methacrylic esters.

All organic acids form the corresponding ammonium salts
with ammonia, for example according to the general formuia
of the monocarboxylic acid:

I - +
20 X'—COO™ NH,

State of the Art

According to the state of the art, alpha-hydroxycarboxylic
acids are preferably prepared from their parent

25 cyvancohydrins with the aid of mineral acids, for example
hydrochloric acid, phosphoric acid or preferably with
sulphuric acid. To isolate the free acid, only the mineral



hydrochloric acid, phosphoric acid or preferably with sul phuric acid. To
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acid used for hydrolysis is neutralized subsequently with a base,
preferably ammnia. Al of the mneral @acid and the base used for
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m cr oor gani § enzynati ca Is affords the_organi¢ acids _jn the
form of t henewnbhi o Shese The S afBeP el@¥8ebon)ad? as?ﬁec’ﬁt‘fﬁ%hi ometric
anoung gof & ghhesal castd. In the case of di- or tricarboxylic acids, 25
even twice or three times the stoichionetric anmount of a mneral acid has

2l ts, whi BHOTRES P RERMVAL (RrBEcP Beytl 60°) AV AT 8o Rt hanher oy BB posed
of expensiwety.inorganic bases, for example sodium hydroxide. It is
likewise necessary here to release the alpha-
hydroxycarboxylic acid by adding a mineral acid in
15 stoichiometric amounts. The hydrolysis of cyanohydrins
likewise goes to the stage of the ammonium salt with
titanium dioxide as the catalyst. The salt problem remains

the same.

Mono-, di- and tricarboxylic acids, and alpha- and beta-

20 hydroxycarboxylic acids, can be prepared fermentatively
~with the aid of microorganisms oOr enzymaticélly. Thisg
affords the organic acids in the form of the ammonium salt.
They are released by adding the stoichiometric amount of a
mineral acid. In the case of di- or tricarboxylic acids,

25 even twice or three times the stoichiometric amount of a
mineral acid has to be added. This likewise gives rise to
very large amounts of ammonium salts, which in turn have to

be_recycled in a2 complex manner or disposed of expensively.

Processes in which no salt burden occurs are to date

30 uneconomic on the industrial scale for reasons of cost. One
example thereof is the esterification of an ammonium salt
of an alpha-hydroxycarboxylic acid with an alcohol and
subsequent hydrolysis of the ester with an acid catalyst
(JP7194387) .

35 In order to prepare free carboxylic acids from the ammonium

salts, there are various processes based on the thermal



Processes in which no salt burden occurs are to date 30 uneconom c on the
i ndustri alyscabeofos46®asons of cost. One exanpl e tbhergrP2050¥DB1787
esterification of an ammonium salt of an al pha-hydroxycarboxylic acid with
~an al cohol and subsequent hydrolysis ofgthe ester with an acid catal yst
(JP7194387). WO 2010/ 094630PCT/ EP2010/ 051787 5 deconposition of the
anmoni um car boxyl ates to rel ease ammonia (Schene 1): - R-000 NH4+ R

-COON + N 5Sche rdj : I of wat er
i s added f%ea%mgo gt g gjﬁﬂgﬂ%gﬁﬁgg@%ﬁ%ﬁ%@%i 5BTBUEE e Mxture
i s heated armonial (Schemexl{80C) or higher in 10 organic solvents in order

to free or to renove ammonia to obtain the unsaturated fatty acid.

R—COO NH, —— R—COOH + NH;

5 Scheme 1

According to GBY967352, a small amount of water is added to
an ammonium salt of an unsaturated fatty acid, and the
mixture is heated at total refiux (80°C) or higher in

10 organic solvents in order to free or to remove ammonia to

obtain the unsaturated fatty acid.

According to JP54115317, an organic solvent which forms an
azeotropic mixture with water is added to a 10-50% agqueous
solution of ammonium methacrylate, and the solution which
15 arises is heated to 60-100°C. As a result, water is
distilled off as an azeotropic mixture and ammonia is
removed simultaneously in order to obtain free methacrylic

acid.

According to JP7330696, a 10-80% agqueous solution of an
20 ammonium salt of an acidic amino acid is heated with
addition of water. Ammonia and water are distilled off and

the amino acid is released.

In these processes, ammonia-is in principle removed easily,
since the carboxylic acid has a high dissociation constant.

25 In contrast, the degree ofldissociation of ammonium ions
from ammonium salts of carboxylic écids with pK, values
less than 4, for example sulphonic acids and alpha-
hydroxycarboxylic acids, is low. It is therefore very
difficult to remove ammonia from the salts of strong acids.

30 In order to remove the majority of ammonia, a long period
is required, or it is necessary to add a large amount of
water or of organic solvents. In the abovementioned

processes, 50% or more of the corresponding carboxylic acid
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distillatiVé renova "the & azeo roprc-m eases ammoni a, whi
escapes i ncgadenssrf oFheviarrhependdsgsalph¥hbydsprEspoharEgic aCld
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di stillTation apparatus. However, the removal of the water at el evated
t enper at urBOVE¥EFt stRR FergEeAndfintieoratRE Pﬁl?ﬂﬁVP§eﬁeF§Q§@Hature

alphahydrOféganeexyhlma@gedaﬂeuﬂgscemvem@ednmy1amuyareQEaebaea1pha~
i nt eLnol ecul ar ester f|c tlon t i mers and gg%&n%rs.o rtdhe 20

al pha- hydr BX§ESFBERYPP chaFﬁ E3PFoi YR y incra- or else

1ntermolecular esterlflcatlon to dimers and polymers of the

20 alpha-hydroxycarboxylic acid in question. These
subseguently have to be’converted back to the monomeric
aipha—hydroxycarboxylic acid in gquestion by heating with
water under elevated pressure. Another disadvantage is the
long residence times in both process stages. They are

25 4 hours in the examples mentioned. Since the solvent is
kept at boiling for the whole time in stage 1, the steam
consumption is uneconomically high. The cause of this is
the release of the alpha hydroxycarboxylic acid, which
becomes more: . dlfflCult w1th lncrea51ng depletlon of

.30 ammonia. It does not succeed 100%. After the-end of the
reaction, 3-4% bound ammonia still remaing in the bottoms.
Under the reaction conditions, another by-product which
occurs 1s the corresponding amide of the alpha-
hydroxycarboxylic acid, which is only partly converted to

35 the corresponding ammonium salt by hydrolysis in stage 2 of
the process (Scheme 2).



subsequently have to be converted back to the nononeric

al pha- hy dmex a0 t®8A630 acid i n question by heati nPGFAFP3R: A0S

el evat ed pressure. Another disadvantage is the long residence tinmes in
bot h process stages. They are 25 4 hours in the exanples nmentioned. Since
the solvent is kept at boiling for the whole tine in stage 1, the steam
consunption is uneconom cally high. The cause of this is the rel ease of

t he al pha- hydroxyga boxylic acid, which beconmes @bre difficult with

i ncreasing depletijon of 30 ammoni a. It does not $ucceed 100% After the

end of the reagctidn, 3<A2 un monia skilg_ reqppins ANt he bpt Hons.

Under the reacCtio oﬁaﬁﬁigﬁs,ﬁgﬁother by-pr%duc mh?gﬁmg curspkgpthe
correspondi ng am de of the al phahydroxycarboxylic acid, which is only
partly converted to 35 the correspogehegearmoni um salt by hydrolysis in
stage 2 of the process (Schene 2). WD 2010/ 094630PCT/ EP2010/ 051787 7 OHCH
R-CH COOH + NH3 -CH CON H2 + H20 Schene 2 The al pha-hydroxycarboxylic

aci ds obt ai ned possess only a 5 purity of approx. 80% and so a further
purification by neans of liquid-liquid extraction or crystallization is
usual | y neres ssipha-+inydadenta podky Tt | ani e 00LE9847, peseeadmemtYin? sal t

solutigns of the alpha- roxygar ylLic ' 1onteya
concentr at? & ‘of %%d%ﬁﬂ%%g?_%%%Ud%%ép%%sgﬁfgg§%'ee%gﬁgg?gégn té?%ineric or
pol ynmeri ¢ resams sobf lidiel @ot fespdnefk HEaF bPa- oy drbX§eat boxyti e atfds i s

i ntended tQ -ifSﬁeé@@Qa@@?ﬁ Passing a gas through, preferably steam
rel eases an rives out ammoni a. Using the exanple of 2- 15

hydr oxy- 4- met hyl t hi obut Yric acid, 70% acjd is_achieved;-.1he remai nder
consi sts cﬁnt?%ﬁ%%%dﬂ@%*%%@téﬂﬂDW@uﬁggéégggf EgﬁyaW%9§}ﬂmn%?%§lthiobutyric
acid and t&e1ee1sespending diprsinyé@sdrycaldSo20D3¢0829d31ane deseghbes a

procei% fo{oqgtgégéggtration of >60% under reduced pressure. The
conversion to dimeric or polymeric esters of the
corresponding alpha-hydroxycarboxylic acids is intended to
be less than 20%. Passing a gas through, preferably steam,
releases and drives out ammonia. Using the example of 2-

15 hydroxy-4-methylthiobutyric acid, 70% free acid is

achieved; the remainder consists of the unconverted
ammonium salt of 2-hydroxy-4-methylthiobutyric acid and the

corresponding dimeric ester.

US 2003/0029711 Al describes a process for obtaining

20 organic acids, including from agueous solutions of the
ammonium salts, with addition of a hydrocarbon as an
entraining agent. Heating the mixture affords a gaseous
product stream which comprises an azeotrope consisting of
the organic:.acid and the_entraining‘agent. In order to

25. Visolate the acid from this product stream, further steps
such as condensation and'additioﬁal distilliations must be
carried out. Furthermore, this process also requires the
addition of additional chemicals (entraining agents), which
makes the process significantly more costly, specifically

30 for use on the industrial scale.

US 6 291 708 Bl describes a process in which an aqueous
solution of an ammonium salt is mixed with a suitable

alcohol, and this alcohol-water mixture is then heated



20 organic acids, including fromaqueous sol utions of the amonium salts,
“with addi tworeefioa0dysz®car bon as an entrai ni ng agePCT/ER201LOJOERE8Wi xt ure
af fords a gaseous product stream which conprises an azeotrope consisting
of the organic acid and the entraining ggent. In order to 25 isolate the
acid fromthis product stream further steps such as condensati on and
additional distillations nust be carried out. Furthernore, this process
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am ne wi.th releas noni a and formation of the salt of tertiary

am ne and af pRath g%?%¥y%8r%8xyrlc acid in question. Subsequently, the salt
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salt is dissociated thermally and the tertiary amine formed
20 is recovered by distillation. The free alpha-
- hydroxycarboxylic acid remains in the,distillation bottoms.
The'purityrof the alpha—hfdroxycarboxylic acids obtained is
95%.

In DE 10 2006 049 767 Al (published specification), this
25 ©process is applied to the preparation of 2-hydroxy-4-
methylthiocbutyric acid from the corresponding 2-hydroxy-4-
methylthiobutyramide. With N-methylmorpholine, 2-hydroxy-4-
methylthiobutyric acld is formed at 180°C and 6 bar in a
‘ purity of 95% with .96% yleld The use of other tertlary

30  amines gives similar results.

In DE 10 2006 049 768 Al (published specification), the
2-hydroxy-4-methylthiobutyramide formed by mineral acid
hydrolysis of 2-hydroxy-4-methylthiobutyronitrile is
extracted with a polar water-immiscible solvent. Preferred
35 solvents are ethers, ketones and trialkylphosphine oxides,

also in mixtures with various hydrocarbons. The solvent is
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di sti hlgat i gRouhbes 2- bydr exy- ﬁrB@hBi'thh@bﬂﬁﬁh'Eeﬂﬁéﬂagﬁré@"ﬁfni30”tbhe
distillation bottons in_its nmononeric and dineri The addition of

wat er adj.us8&° ?h@mPﬁ%YﬁGd?ﬁﬁnﬁeteHGFVlSFPHHWBEtﬁﬁgngbﬁepFﬁBSFSan. 85 ect
of the |nventsopaAgakqgsireébeihackgsedndapt thihecdssadianthgesndfistireapri or

implementation.

In US 6815560 and the patent publications cited there, the

15 free 2-hydroxy-4-methylthiobutyric acid prepared by
sulphuric acid hydrolysis is extracted from the hydrolysis
solution with a water-immiscible solvent, preferably
isobutyl methyl ketone. The extractant is recovered by
distillation; the 2-hydroxy-4-methylthiobutyric acid

20 remains in the distillation bottoms in its monomeric and

' dimeric forms. The addition of water adjusts the

thermodynamic eguilibrium between the two forms.
Object of the Invention

Against the background of the disadvantages of the-prior

25 art, it was an object of the present inﬁention to find an
inexpensive and environmentally compatible process for
isolating free organic acids such as carboxylic acids,
sulphonic acids, phosphonic acids and especially alpha+ and
'beta—hydroxycarboxyiié acids from the ammonium salts

30 thereof, which does not form a salt burden as a coproduct
and is completely back-integrated by means of.closed

circuits.

The technical object is achieved by a process for
converting ammonium salts of organic acids to the

35 particular free organic acid, wherein an agueous solution



25 art, it was an object of the present invention to find an inexpensive
and envi r onoeR0abygo46apati bl e process for isol ati nBCTYyBR2010406878%1 ds
such as carboxylic acids, sul phonic acids, phosphonic acids and especially
al pha- and bet a- hydr oxycar boxylic aci dsigromthe amonium salts 30

t hereof, which does not foLma salt burden as a coproduct and is

conpl etely back-integrated by neans of closed circuits. The technical

object 1S BENLEUCHnRYnARr 062851 LOEAPBYEER! NI LAMTERNLUALALL S of organic
acids to the particular free organic acid, erein an aqueous sol ution
10 of the enkbarbansapndj sheonpdkt &8 W EHECER2EPFaRl c tERPRERERABSaRBIt he

salt is digsestated at {BIBBI ahdr 8guapdspPEB3sYies ahawhhehekheaagsaeus
solution and the extractant are in the liquid state and a stripping

medi um or 3TentFaFAPn{igusdi SERREr otliCed PRTSPHERIt BFEHBVEINHE from t he
aqueous sobmnttrainand teansgeinatotinastl anportieeontof rehevér ¥H, ofgani ¢ aci d

forned to e organic extractant. .The_ invention,thu rovides a _pr SS
wherein théﬂﬁnﬁ%ﬂ?ﬁﬁ?si?iug%o%ragﬁiEr%%F griggc%ﬁgg?t§d8é§gﬁ§%nggo?ﬁ%
reactive 10reztozgéndn asidgfarmsedi ppi hhenedoamior eshregcainhg gas, for

exanple by driving out (stripping) the ammbnia with steamor nitrogen, to

the free ofgant 5 a68LdoMhiGhsi SrbheRLr aNpl-erked WRALPctRerAEIARNEn1un
extractant It Is preferred that at |east 50% preferab£¥ at | east 80%
e

nore pref efabryoi50RgaNEGsECHBG, ARJCRBYETHRES BY aBF§Et CFeA8RC95Y50f t he
free ?Kgan%ﬁtﬂébéiéﬂrﬁﬁﬂnhsaté@ﬂ§b§iﬁ§dm$gﬁﬁmtb@ @ﬁgaaﬁﬁiﬁ§tga$t8n8f ) I'n
a preferred process, e _conversion_is_effect at_pressures, of 0. ar
to 200 bar?XgﬂPi?c§¥a F§V6Pg0?5§ EgFrﬁgp%aggogggr?m58P§apWé?Er§5P9mof 0.1
bar to 5 bar.nMregerr, totthe preteorgdntbhatctibiewbakh desssbenation is

per folLned ug o] C C f erabl 300C,
even nore %%%%§$§§%§&O§S§8CEP§ g%geﬁggsgég?éﬁthgfngr%%Igggﬁggs%gto 130C.
25 The tenpeahtateldastabfbghrrafeuehiy an fRastabl%ef mpsenRredAreblihe

free agj d apd;thereddsyhehdmbher gebecThB1l,cARPEN B OES BYi dad byckhe
extractant used_and i s, according to the invention, below the boiling

poi nt of tPBEIAPLE0BSICoFOFTEH &F GFABSHEEEFH eP&PebPFOPEIZRAE boiling 30
poi nt of thgragueays.solution or of any azeotrope which folLnms dependi ng of
course on the particular pressure applied.

In a preferred process, the conversion is effected at
pressures of 0.01 bar to 200 bar, particularly of 0.01 bar
20 to 20 bar, very preferably of 0.1 bar to 5 bar.

Moreover, it is preferred that the éalt dissociation is
performed at temperatures of 5°C to 300°C, more preferably
of 20¢C to 300°C, even more preferably of 40°C to 200°C,
especially preferably of 50°C to 130°C.

25 The temperature has a high influence on the rate of
formation of the free acid and the end yield thereof. The
temperature is guided by the extractant used and is,
acCording‘to the invention, below the boiling point of the
aqueous solution or of a Qossible azeotfope, the boiling

30 point of the agqueous solution or of any azeotrope which
forms depending of course on the particular pressure

applied.

As already described above, the salt dissociation in the
process according to the invention is performed at

35 temperatures and pressures at which the agueous solution



As al ready descri bed above, the salt dissociation in the process according
to the i nMt20M0/894830 or med at 35 tenperatures anBCP/EBE2QERL0BL7HAi ch

t he agueous solution WD 2010/ 094630PCT/ EP2010/ 051787 11 and t he
extractant are in liquid form not in adid formand not in gaseous form
i.e. belowthe boiling tenperature, which depends on the particul ar
pressure applied, of the aqueous solution or of any azeotropic 5 m xture

whi ch for d%ﬁ@rtﬁk@ﬁaét)aﬁj@eak@vfﬂtlﬂcﬁulahﬁof’ﬁ\arﬁb@glﬁOQﬁﬁﬂﬁrﬁ&h@n of the
anmoni um s t of t organic acid in th ueous sol ailon used i s

preferablya$® R pe %%ﬂ%%5$9%%1§@@@bylm%rgﬂ ?U 96 p5OheigBt, nore

preferablytémﬁ@iié&ééy Mﬁightdépeﬁ&@18nbyhmepghtlanMaﬂnﬁtepseferably from
60% by mel%#é to. 10% e, course o% t he rea r8 8f the salt

% b
di ssoci at | FPLIFR cof %@%oﬂgFﬂﬁu%oﬁggﬁF%gPlgﬁ or theé 5? dect sases.

Mor eover, mixtsrerefiecehefotiat the extractant used is a 15 sparingly
mater-niscible or entirely water-immscible solvent. The weight ratio of

aqueous SQA€£5P@E§€dt$ 9@% %n@éﬂﬁ?&ﬁan%héss%é?glﬂglggnEgn%QQtionngfe

preferably from erably from1:5
Accor di ng tle t arnepEeBnsal Aveht FBA, Oﬁﬁ@ﬂbﬁgéﬁié ati BhRaFIBEOYD sel ected

fromthe gégy@tpénn@é)@&ai@%yéféramﬁ idli @ﬁéb@wbecm@mdsao%rbgawé@gutl c
acid, ascorbic acid, sul phonic acid thig gnlc gé% %drogécg %yllc
aci d, espeE?a}%yb%J%ﬁégﬂgdr59§8apﬁﬁiﬁ 2Pagi 4t aRydP5x§ 3

ac:? 325 | By a1 diee @n@c§5§tspﬁpserabmgrdrng 50%t bg wawght|onb1a%tbg }he
sa i ssoci ation nded. the or [ o a obt ai ne rom
the or gani EeEtT actAnt fie | AR S 5r 8 egﬁgdggﬁgkg %hég?gh%hg gﬁganlc aci d
correspondél$soalaa1©nxythe aordeeponﬁengeﬁ@naEnt@aﬁmpa pf30ke saboN

decreases.

Moreover, it is preferred that the extractant used 1is a

15 sparingly water-miscible or entirely water-immiscible
solvent. The weight ratio of agueous solution and organic
extractant is from 1:100 to 100:1, more preferably from
1:10 to 10:1, most preferably from 1:5 to 5:1.

According to the present invention, the organic acid may be
20 selected from the group of monocarboxylic acid,
dicarboxylic acid, tricarboxylic acid, ascorbic acid,
sulphonic acid, phosphoﬂic acid, hydroxycarboxylic acid,
especially alpha-hydroxycarboxlic acid or beta- '

hydroxycarboxylic acid.

25 In further process steps, according to the invention, after
the gsalt dissociation has ended, the organic acid formed

can be obtained from the organic extractant.

In a. preferred embodiment, the organic acid corresponds to

a carboxylic acid of the general formula I
30 - X'—COOH
I

where X' is an organic radical selected from the group

comprising unsubstituted and mono- or polysubstituted,



where X1 is an organic radical selected fromthe group conprising
unsubst i t W@d2@hel/ 0®h@30 or pol ysubstituted, 12 braREBEEPAAY0/051787
straight-chain al kyl radicals, cycloal kyl radicals, alkenyl radicals
havi ng one or nore doubl e bonds, al kynyll2 radi cal s having one or nore
triple bonds, aryl radicals, alkylaryl radicals, arylalkyl radicals, 5
aryl al kenyl radicals, alkyloxyal kyl radicals, hydroxyal kyl radicals and

al kyl thi Oaﬂ;dlk é’(ﬁ“&ﬁthsstféhﬁﬁ@ é‘héfﬁnéik e, r!a(tiltéilQreE?éISQlk?@t X1 is an
organic ra selected fromthe group of (Cl-C -al k

( C3- C10- cyw@naq:w radi ey s, Taepcede- %Wéﬂ?loﬁlﬁd%aﬁ“%rﬁodﬁ%w abeﬂés
nor e doublz@lmﬁbdﬁ,ré&a‘?c&ﬂ@ nia{fcyﬁgl ohadbeahsrbavi dglensonds moaeylripl e

bonds, (C6-Cl0- I als eci IIy n adigal s

(Cl-C18) - ¥ ¥ S Ci@k f@?y?aﬁ?géFé c%9%§6¥%¥§1rﬁéicﬁi§) al kyl

radi calbs, &€pt&11ayy| x4 LP<&PY- a&kkgybxyaﬂkyhlsadicals, hydroxyalkyl
(C1-C18)-al k radjz¢ (C1- C10- hydr oxyal kyl

radi cal s andg%gﬁxﬁfgaic%g%y%% 8%%%§%lggaﬁégfsfadicals I n anot her
alternatlve X is preferably CRIRZR3 where R H OH OR4, NH2, =4, NR4R5,
a, Br, I,IF, omeabtwnamveRmanas Reraf ersadhthnledent i YOrE®ES ed from

the grOUD 205£04DT & 51 88 b EB@Mbﬁhétgkéﬂpaﬁﬂ ez, Praprl,ysubgt thuked,
branched and strai ght-chain 1 cycl oal kyl

C18 C18
radi cal s, (QQ*%Eb‘%Y%%%?*kYédFEQFgaiﬁ Eé dﬁ@ o??kﬁpgldﬁﬁgFS %ﬁnds
(C6- C10- al‘llydll(vzltﬁﬁlc(g@éci%relﬁcﬁﬁélz abhylahbayaszadc%mﬁ) alky?yl radlcaiLE |
Cl- C18) - - - -ar a a
Eadicall a%@%%%%a??@ %Eﬁ@%?e gﬁ %a?sgoﬁéi C?86%$ﬁ§l %1 %%d%%gé alkyl
radi cal s, ¢@lecl®)ihyohexyal kgficadiscall€:dhd) -alkyl- Cs<hﬂ) -—aryl
(Cl1- C18) - %5&1%%19 (&‘ECJ@% abkyl redicalsa1 P pLARRLESACKE LG, pLefer ably

sel ected from acetic acid, propionic acid butyric aci d,
val eri ¢ acadyl-{Ca- C%) alkenyl radicals, (Ci1-Cig)-alkyloxy= (Ci-Cig)-

15 alkyl radicals, (C1-Cig)-hydroxyalkyl radicals and (C:-Cig) -
alkylthio- (C1-Cig) -alkyl radicals.

! ig preferably CRR’R’ where R' =

4

In another alternative, X
H, OH, OR®, NH,, NHR*, NR‘R®, Cl, Br, I, F, where R®*, R}, R
and R® are each independently selected from the group

20 comprising H, unsubstituted and mono- or polysubstituted,
branched and stralight-chain (Cl—Cw)—alkyl radicals,
(C3-Cig) —cycloalkyl radicals, (Cy-Cie)-alkenyl radicals
having one or more double bonds, (C¢-Cip)-aryl radicals,
especially phenyl radicals, (C1-Cig)-alkyl-(Cs-Cig)-aryl

25 radicals, (Cg—Cio)-aryl-{Ci1-Cig)~alkyl radicals, especlially
benzyl radicals, (Ci-Cig)-alkyloxy-{(Ci-Cig)-alkyl radicals,
(C1-C1g) ~hydroxyalkyl radicals and (C1~Cig)-alkylthio-(Ci~
Cw)—alkyl radicals.

The‘organic acid is preferably selected from the group of
30 acetic acid, propionic acid, butyric acid, wvaleric acid,
caproic acid, oenanthic acid, caprylic acid, pelargonic
acid, capric écid, lauric acid, palmitic acid, stearic
acid, omega-3 fatty acids such as linolenic acid, omega-6
fatty acids such as linoleic acid and arachidonic acid,
35  omega-9 fatty acids such as oleic acid and nervonic acid,

salicylic acid, benzoic acid, ferulic acid, cinmamic acid,



caproic acid, oenanthic acid, caprylic acid, pelargonic acid, capric acid,
lauric aciwo pedoyveLemgi d, stearic acid, onega-3 fRCTYERROLB/SELT8AS
linolenic acid, onmega-6 fatty acids such as linoleic acid and arachi donic
acid, 35 onega-9 fatty acids such as olsg c acid and nervonic acid,
salicylic acid, benzoic acid, ferulic acid, cinnamc acid, WO

2010/ 094630PCT/ EP2010/ 051787 13 vanillic acid, gallic acid,

hydroxycl naggl £ 8¢l gy aMVILOKYBoREohe AGhIS. drludrerypERRLoni ¢ acid. In

an al ternafiv €ss organi ¢ abr cor |carboxyI|c acid
of the geh@y@IOmeﬁutei¢la@iﬁﬁx:32hfﬁxrﬁypraheﬁelKzatsdan organi c radi cal
sel ected fromthe group conprising unsubstituted and nono- or

p0|ySUbSt'iﬂtéﬁ’aPEéfﬁQ@ﬂvéngrééééégbﬁecbﬁganﬁbkéeﬁél&brféﬂbéﬁ&§ £d0a
cycl oal kanedi yl radj cal s enedi rad |ﬁgﬁs haiéng one or nore double
I

bonds, al K§HERFHPXYRHF cafsd h%@rﬁﬁeoﬁ@nﬁra TPVl &Tbonds, aryl diyl
radicals al kyl aryl diyl radicals, arylal kanediyl radicals, arylal kenediyl
radica%e, al kyl oxyal kanedi yl raqtgatsrfh&dpqxxgﬁkeneqiyI radical s and 15
al kyl t hi oal kanedi yl radicals. The suffix u-diyl" indicates in this context
that both carboxylic acid groups of the.dicarboxylic acid are bonded to
this radical. The carboxylic acid groups nmay each i ndependently be bonded
to any carbon at oJrs of the organic 20 radical, for exanple gemnally,

vi ci nal |y 6rere Koridjat anmtoasrborndt Gk, SaFR el EEohorPat SRR o whi ch

the Carbox&&mﬁrféiﬂgguﬂgﬁﬁs@i@u@@&dﬁﬁd”ﬁMnéLtBErpbﬁybﬁbéﬁkﬁhBéB posi tions
or within the radical It iIs referred s defi ned as fol l ows: an

organi ¢ 25PFaRreat %%@e%?%ﬁlg BnFPﬁéng?iEﬁnﬁﬁlﬁ stBStFEbfed and nmono- or
pol ysulgst i ¢yt eealbaasehet andistlai ghtkehailhy(Cta@l8hisahkanadi yie or

havi ng onePBFe ot B0 b BPaoBon LRVt eo o0 2t REREAPS T Padrhe 8 hadFRg one
or nore tripiple bonds, aryldiyl radicals, alkylaryldiyl radicals,
arylalkanediyl radicals, arylalkenediyl radicals,
alkyloxyalkanediyl radicals, hydroxyalkanediyl radicals and
15 alkylthicalkanediyl radicals.

The suffix *-diyvl” indicates in this context that both
carboxylic acid groups of the dicarboxylic acid are bonded
to this radical. The carboxylic acid groups may each
independently be bonded to any carbon atoms of the organic
20 radical, fdr_example geminally, vicinally or to nonadjacent
carbon atoms, and the carbon atoms to which the carboxylic
acid groups are bonded may either be in terminal positions

or within the radical.

Tt is preferred that X° is defined as follows: an organic

25 radical selected from the group of unsubstituted and mono-
or polysubstituted, branched and straight-chain (C;-Cig}-
alkanediyl radicals, (C3-Cig)~cycioalkanediyl radicals, (Ca-
C#)—alkenediyl radicals having one or more double bonds,
(Cy-Ca6) —alkynediyl radicals having one or more triple

30 bonds, (Cs~Cig)-aryldiyl radicals, especially phenyldiyl
radicals, (Ci1-Cig)-alkyl-{Cs-Cip)-aryldiyl radicals, (Ce-Cio)-—
aryl- (C1-Cig) -alkane diyl radicals, (Cs-Cip)-aryl-{Cz—Cazs)-
alkenediyl radicals, (C1-Cis)-alkyloxy-(Ci-Cig)-alkanediyl
radicals, (C:-Cig)-hydroxyalkanediyl radicals and {(C:;—Cis)-



30 bonds, (06-010)-aryldiyl radicals, especially phenyldiyl radicals,
(Cl1-C18) - alrtxy2e1apesd€30aryl diyl radicals, (06-010-PeryEPRCLOM0B)78&Ykane
diyl radicals, (C6-Cl0)-aryl-(C2-C26)- al kenediyl radicals,

(G -C18)-al kyl oxy-(GCi -C18) - al kanedi Y1 rjadi cal s, (C1-018)-hydroxyal kanedi yl
radi cal s and (C1-Cl18)- 14 al kylthio-(C1-C18)-al kanediyl radicals, any
substituents being selected fromthe group conprising OH OR4, NH2, NHR4,

NRARS, O, éhf&d<g_ WNPLE) RincBy 2r 8588681 £ Ndgpen ﬁBEEitﬁéﬁ@gted from

t he group co r|S|ng su stltu nono- 8 ysupstituted
branched apeieg reeleetedal ROpCERE18YOUPKYPIPEHS #AY sOH ( CBRGLVH2y &FBal ky |
&n danes,

radical s, ﬁ§28C2@l ah%enxlah@dmcah&e&%wmﬁg PNe s dEvie doud)
(C8-Cl10)-ary|] radicals, es eC|aII hen radi cal s, é

al kyl - ( Ce- %ﬁh@C%?@|f¥%HuE% sITPER- @§ i?&%g(%n [sik: ?ﬁaFk§Pt 8 P34 cal s,
especi @l | ymbenzybr rasi gahiss ¢ Clu€a8) - Bkkybhéd(éﬂdCﬁBiaabhchhaﬂncals

<0 Rl [ S G AR

radi cal s. apY ef rom thé group of
succinic aé@ﬁ%h@ka&lkeﬂzldradat@hschavmug ghat ari woaei dpubbeabppile, aci d,

pi mel i c acid, supe %f 1aféglcggglaégp%e%g%lgegﬁgh§1afaélcéwgar'él ég+

i taconic aC|d aci d E aci d, terephthalic aci
i sopht hal | @1k¢1d( C¢ﬁ¥a)T@¥Yﬁe¥a@¥Fé fat i GeProceB¥lr ke drgantékddid is a

tricanboxytigiagid, Oésﬁé@lg@mﬁraéngylnyhalbéistﬁﬁ;ﬁ&g&Lé3k§@6E§LH In where
X5 is an or anlc rad|0f glec ed fron1t2 hgrou ?EQEISIQE gsubs ituted

and nono- 5B} subEY T t HRE4CeHP andhied-and gﬁﬁ af A% FRafef iyl

radi cal s, QéraygjealkﬁnehibylCfaﬂb¢ah$kyalkeﬁétaly[ radi cal s havi ng one or
nore doubl e bonds, al kynetriyl radicals having one or nore triple bonds;

aryltriyl rly§§¢§%18'$¥1&r¥§ kxkeggg%gggal aLy akkgmekﬁgy b8 lgéls

aryl al kene I Ca yroxya i ca ydroxyal kanetriyl
30 radi cal suapthat kytif@i oakkahet g, r@dl@aﬁg aCld glutaric acid,

15 adipic acid, pimelic acid, suberic acid, azelaic acid,
sebacic acid, fumaric acid, itaconic acid, methylmalonic
acid, phthalic acid, terephthalic acid, isophthalic acid.

In a further alternative process the organic acid is a
tricarboxylic acid of the general formula III

HOOC.  _-COOH

20 B I - COOH
ITITI

where X® is an organic radical selected from the group
comprising unsubstituted and mono- or polysubstituted,
branched-and'Straight—chain,alkaﬁetriyl radicals,

25- CYcloalkanetriyl'radicals, alkenetriyl radicals having one
or more double bonds, alkjnetriyl radicals having one or
more triple bonds, aryltriyl radicals, alkylaryltriyl
radicals, arylalkanetriyl radicals, arylalkenetriyl
radicals, alkyloxyalkanetriyl radicals, hydroxyalkanetriyl

30 radicals and alkylthicalkanetriyl radicals.

The suffix “-triyl” indicates here that the three

carboxylic acid groups of the tricarboxylic acid are bonded



15 to this radical. The carboxylic acid groups may each independently be
bonded t o wmy2ers hasdei®ns of the organic radical, PEF/BRAGHPL0GEHABWKal |y,
vicinally or to nonadjacent carbon atons, where the carbon atons to which
the 5 carboxylic acid groups are bondedsray either be in term na

positions or within the radical. Mreover, it is preferred that X3 is
defined as follows: unsubstituted and nono- or polysubstituted, branched
and strai - chal 1-.C18) K iyl radi-¢al - ) eadf
cycloalka%%%r?@?égagg%%%%} ?@%-%§%€§%¥%égeg$?sléfg |ca§%§having one or
nor e doubl Endeperdentchy @8)baniedetpi §1Yr aa8rears2haWF ngt ohBSoPTABIEt ri pl e

bonds, (C6r£d0da8r VEb i ¥lak@le CaERin83PECI /hbYnphEPYLET Lyl noAdigatant
(Cl-ClS)-alkgl C6- C10 -arﬁltrigé radiggls CB-ClO%-ar : Cl-C18)- 15
al kanet ri yFaFaoR cAFLmS ( 32e49) tary Tt 9C§§§mﬁlﬁgn BV 15P8di cal s,
(C1- C18) - atkyboxyt{€lacild) gadbkpaetreyhonddicaby, either be in terminal
(C1-C18) - hydroxyal kanetriyl.radi ca

(C1-C18) - %@% %?%?Cﬁgéﬁ% @5?kg%§t%§9%8gédicals, any substituents being
selected fromthe group conprising O4 OR4, NH2, NHR5, 20 NR4R5, O, Br,
and F, wheMer@aveRs ifeleaphefadspentbat] ¥ ks cdeingd s t Fel Hretp

conpri si ng,dkHosubst L& Ut ed @BH-008e- peliyRAbYsyUbat kUt Bdanbhaachad and
straight-chain, (C1-Cl18)-al kyl radicals, CB-C18E:Cé£IoaIkyI radi cal s,

(C2- C28) - af kKERYIE a3l s (Fanfimy BhEBRhoYe HatbFelBondss~9m( ts- Cc10) - aryl
r ag! ca:os, @;sdgg%&i,gkézye@?eméllr%agbaa{si, l(CQJ%Z_GJ.Si}lELkahéykiy!D?ré}aim):aaslyl

radi cal s, : -aryl- - - r.adi S. €S | .henzy
radicaIs,(%ﬁyfﬁ%)%%?k§¥d§9¥fcé9%E§§)¥8P§§V ?gﬂi%ﬁfsgf%ﬁﬁ?k%égihydroxyalkyI
radi cal s andd{€4i€1Byvahgybhhi or( Ber€l8)inlikybonddi cals-C30-hnvatpigterred
enbodi nent gani id-is r : ro LLkiGracid,
cyclopentaﬁ%éggi?%i €$§%g$%g%glF@ggggg?gggcggggﬁgégé-??ﬁ%%@?r?ggggoxylic
acid, 2-nefByiGyttapehtanel 1ra2d3cedpearlBox§o) cagyid (C1-Cus) -

3- met Ry cygl eReat ane1 1y 2q4chikcanboxylyh caggid.(c35c)n-a1kunkherypr ocess,
the organic acid corresponds to a sul phonjic ac&ﬂ of the gengpal foLmula IV
16 0 R6- S-Tpfliicals, (Ci-Cig) -alkyloxy-(Ci-Cig) —alkanetriyl~radicals,

(C1-Cqg) ~hydroxyalkanetriyl radicals and (C:;:-Cig)-alkylthio-

(C1-Cqg) —alkanetriyl radicals, any substituents being
selected from the group comprising OH, OR®, NH,, NHR®,

20 NR*R°, Cl, Br, I and F, where R?, R’ are each independently
gselected from the group comprising H, unsubstituted and
mono- or polysubstituted, branched and straight-chain
-(Clvcm)—alkyl radicals, ({(C3-Cig)-cycloalkyl radicals, ' '
(Cy~Cag) —alkenyl radicals having one or more dbuble.bonds,

25 {Cg—-Cqp) —aryl radicais, especially phenyl radicals, (Cl—Cm)~
alkyl- (Cs-Cig)—aryl radicals, (Ce—Cio)-aryl-{Ci-Cig)-alkyl
radicals, especially benzyl radicals, (C1-Cig)-—alkyloxy- (Ci-
Cig) —alkyl radicals, (C1-Cig)-hydroxyalkyl radicals and
(C1-Cig) —alkylthio- (C1-Cig) ~alkyl radicals.

30 In a preferred embodiment, the organic acid is selected
from the group of citric acid, cyclopentane-1,2,3-
tricarboxylic acid, cyclopentane—l,2,4—tricarboxylic acid,
2-methylcyclopentane-1,2,3~tricarboxylic acid,

3—methylcyclopentane—l,2,4«tricarboxylic acid.

35 In a further process, the organic acid corresponds to a

sulphonic acid of the general formula IV



O Ill where R6 is an organic radical selected fromthe group conprising
unsubsti t uved2and/0pa46300r pol ysubstituted, 5 branchew/BrE030raEEAB7Cchai n
al kyl radicals, cycloal kyl radicals, alkenyl radicals having one or nore
doubl e bonds, al kynyl radicals having org or nore triple bonds, aryl
radicals, alkylaryl radicals, arylalkyl radicals, arylalkenyl radicals,

al kyl oxyal kyl radicals, hydroxyal kyl 10 radicals and al kyl t hi oal kyl
radicals. It is preferred that R6 is defDned as follows: unsubstituted and
nmono- or pol ysubstituted, branched and stjrai ght-chain (Cl-C18)-al kyl

radi cals, (C3-Cl8)-cycloal kyl radicahs..6C2-648) - al kenyl radicals having
one or nore 15 doubl e bonds, (C2-C28)-al kiynyl” radi cal s having one or nore
triple bonds, (C8-Cl0)-aryl radicals, especially phenyl radicals,
(C1l-C18)-al kyl - (C8-C10)-aryl radicals, (€8-Cl0)- aryl-(G -C18)-al kyl

radi cal s, (C8-Cl0)-aryl-(C2-C28)-al kenyl radicals,

(C1-C18) - al kyl oxy-(C1-C18)-al kyl radical 3 (C1-C18)- 20 hydroxyal kyl

radi cal s and (Cl-C18)-al kyl t hi o- (C1- C18) - al kyl radicals any substituents

Br. 1 and EohRere 1 S S BACh T AdChERdent Y 2ol But el Prdm Lhe

| and re eac endentli sel ecte romthe
group - cofprbsiagnel uoavhBsL Futedd asddmeBRo- O6r PP v§§b§§ﬂtp@€éd 25

branched &Béaﬁ&ﬁéagahacgakalgﬁ% E%%hnabhkylraaagébﬁs (6§c1@&& gqycloalkyl

radi cal s, (C2-C28)-al kenyl _radi_¢ E one or nore %ygkﬁ

(C8- C10) - aF?@lFQH?caﬁéke%¥ﬁeEPQFF9lﬁh AYH 9a8P8aP§,m°re e bonds,
(Cl- C18) - ahkyim{CBr&daas yhaﬁadgc ahé, 06:061616) tatple( COnaEl) aakkyl

radi cal s, e eC| IIy é dIC 901 C&%&lalk on (C1-C18) - al kyl
o cal s, 55 ROEPEEe i r et Shieal 870N 25!

(CL-C18) - ahkyl&hkenﬁtﬂrﬁﬂ8¢aabkyalkadoxabékyﬂnradpceﬁenrhddppaweékylthe

or gani;G, ackgd? fg!gﬁ&egéi§gghiéglkgﬁ LAYRL9E p-tol uenesul phonic acid,

canphor-lo Ul pRoni ¢ aci enzenes oni ¢ aci d, dodecylbenzenesulphonlc
aci d, naphthalenesulphonlc aci ds, phenolsulghonlc aci ds. In a further
process ac&br#FnBreserredpEBasnk’ i hveRefbredsas heoblgdmic acid is a

phosphoni cyaghHs of chheaggnar abnbor g @o¥ysubstituted, branched and
straight-chain (C;-Cig)-alkyl radicals, (C3-Cig)-cycloalkyl
radicalsg, {(C3-Cus)-alkenyl radicals having one or more
15 double bonds, (Cz-Cis)-alkynyl radicals having one or more
triple bonds, (Cs-Cig)-aryl radicals, especially phenyl
radicals, {(C1-Cig)-alkyl- (Ce~Cip)-—aryl radicals, (Cg-Cig)-
aryl-{C1-Cig)-alkyl rédicals, (Cs—Cm)—aryl—(Cg—C%)—alkenyl
_ radicals, (Cl—Clg)—alkyloxy—(clﬂcls)—alkyl radicals, (Ci-Cig)-
20  hydroxyalkyl radicals and (Ci;~Cig)-alkylthio-{(Ci1-Cig)-alkyl
radicals, any substituents being selected from the group
comprising OH, OR*, NH;, NHR4, NR‘R®>, C1, Br, I and F, where
R* and R® are each independently selected from the group -
comprising H, unsubstituted and mono- or polysubstituted,
25 branched and straight-chain (Cl—Cw)—alkyl radicals, (Csz-
Cig)-cycloalkyl radicals, (C2—C%)—alkenylrradicals having
one or more double bonds, (Cs—Cigl-aryl radicals, especially
phenyl radicals, (C;-Cig)-alkyl-{Cs-Cio)-aryl radicals, (Ce¢-
C.o) —aryl-(C1-Cig) —alkyl radicals, especially benzyl
30 radicals, (C1-Cig) ~alkyloxy- (C1-Cig)-alkyl radicals, (Ci~-Cig)-
hydroxyvalkyl radicals and (Ci1-Cig)-alkylthio-(C1-Cyg)-alkyl

radicals.

In a preferred process, the organic acid is selected from



R7-P--OH OH V where R7 is an organic radical selected fromthe group 10

conpri si ngwangaheydopa6d8d and nono- or pol ysubstitut edr/BPaRdn£a5aA87

straight-chain al kyl radicals, cycloal kyl radicals, alkenyl radicals

havi ng one or nore doubl e bonds, al kynyi7radicals having one or nore

triple bonds, aryl radicals, alkylaryl radicals, arylalkyl radicals, 15

aryl al kenyl radicals, alkyloxyalkyl radi cal s, hydroxyal kyl radicals and

al kyl t hi oalkyl i.caks r S, dehL || ows:.

ool (hroaLil gbadhcaks, [apacelspreder aeses, otphs-dsh. sedprsril | o

(Cl- C18) - aPR¥# rhaméanesu@egoms) 266l 0§PREFY2DPABREEHSPRPRBCCEE) Cal keny !

radi cal s hg¥pnAgnanenetuMphéngdeubbeaBongsenctiuldbpnatkynytisradi cal s having

one or nDre triple bonds, (C8-Cl0)-aryl radicals, especially phenyl

radi cal s, 1 0 | kyl - ( C8- 010 -ar

adicals: {Sa0R AL LGB 010) At A oRls: ol RGO} et iop o

(C1-C19) - athyloxgaﬁmé 89 abkylphadpbahsp €€1dCh8) thhydeoryallkyl radical s

and (G -Cl18)-4 E yl {;hi o- (Ci - C18)-al kyl radicals, any substituents being

sel ected from the group conprising OH OR4, NH2 NHR4, NA4A5, C, Br,

and F, where R4 and R5 are each |ndepeq?ently selected fromthe group 30
N

conprising H, unsubstituted and nono- pol ysubstituted, branched and
straight-chain (Cl-C18)-al kyl radicals,/l(Cr C18)-cycl oal kyl radicals,
(C8-C28) - al kenyl radicals having 07 0Qk630PCT/ EP2010/ 051787 18 one
or nore doubl e bonds, (C6-Cl0-aryl radigals, especially phenyl radicals,
(C1-C18)-al kyl - (C6-C10)-ar Y1 radicals, ¢€6C10)-aryl-(Cl-C18)-al kyl

radi cal s, especially benzyl radicals, (Cl-C18)-al kyl oxy- (Cl- Cl10- al kyl

radi cals, (Cl-C18)- v

where R’ is an organic radical selected from the group

10 comprising unsubstituted and mono- or polysubstituted,
branched and straight-chain alkyl radicals, cycloalkyl
radicals, alkenyl radicals having one or more double bonds,
alkynyl radicals having one or more triple bonds, aryl
radicals, alkylaryl radicals, arylalkyl radicals,

15 arvlalkenyl radicals, alkyloxyvalkyl radicals, hydroxyalkyl

7 radicals and alkylthioalkyl radicals.

In a preferred process, R’ is defined as follows:
runsﬁbstituted.and.mono~ or polysubstituted, branched and
straight~chain (C;-Cjg)-alkyl radicals, (C3-Cig)-cycloalikyl

20 radicals, (Cy~Cie)-alkenyl radicals having one or more
double bonds, (C3-Cs6)-alkynyl radicals having one or more
triple bonds, (Cs-Cip)-aryl radicals, especially phenyl
radicals, {(Ci=Cig)~alkyl-(Ce-Cip)-axryl radicals, (Cg-Cig)-
aryl-(C,-Cig) —alkyl fadicals; (C@—Cm)Faryl—(Cy{hG)¥alkenyl

25 radicals, (C1-Cig)-alkyloxy-(Ci1-Cig)-alkyl radicals, (Ci-Cig)-
hydroxyalkyl radicals and {(C;-Cig)-alkylthio-(C1-Cig)-alkyl
radicals, any substituents being selected from the group
comprising OH, OR?, NH,, NHR®, NR‘R’, Cl, Br, I and F, where
R? and R’ are each independently selected from the group

30 comprising H, unsubstituted and mono- or polysubstituted,
branched and straight-chain (C;-Cig)-alkyl radicals, (Ci-
Cig) —cycloalkyl radicals, (C;-Csg)-alkenyl radicals having



5 hydroxyal kyl radicals and (Cl1-C18)-al kylthio-(G -Cl18)-al kyl radicals. In
a preferr&iop@t@s89463@ organic acid is sel ected f?@ﬂf?ﬂ%°é96ﬁ§15$7

1- am nopr opyl phosphoni ¢ aci d, am nonet hyl phosphoni ¢ "aci d, xyl enephosphonic
acids, 10 phenyl phosphoni ¢ acid, 1-am Ad&ropyl phosphoni c aci d,

t ol uenephosphonic acid. In a further process, the organic acid is an

al phahydr oxycarboxylic acid of the general fornula la RO HO\OH RO la 15

where R8 anglk R ahsreaghubndepsndent . sel echedl f rogi thes gr egpeeapIYSi NY
H OH OR4, NH2, NHR4, NR4R unsubsti

; ad, B I, F t ed. -
polysubstiEQ@%ﬁﬂ %ﬁ%h%%%%fazgféﬁﬁET%%%Y%ﬁéFﬁ4ﬁPEy?r¥ggfggf§39%ggrgﬁTE;I
rag!ca:s,é%hkeayylpadg@aks—hakyng;aFecgﬂsgomep@mﬂbﬂéyb@m@gylaltynyl

ical s avi e or, np [ , , a
odi cal o, Daorerls) e R I endDo P sallyl LRGBS Bhia
radi calss, hydroxyalkyl radicals and &iydmhiadkkythiadi€ai®s) whekelR4 and

R5 are eac?a%fggggndently sel ected fromthe group conprising H, 25
unsubsti tuted and nmono- or pol ysubstituted, straight-chain and branched

(C1-C10-al kyl radicals, (C3-Cl0-cycl oal kyl radicals, (C8-C20- I%en%l
radi cal s hE¥i AgPBRECHY SAUPECHBED! etPBnBEISPES- £F0%at§1 SPLAFEGHsTTO
especialIyt@@e%y&u%agfcgl§miﬁ§§r§§§1pﬁbgyhoﬁ£5-ﬁ&@daryl radi cal s, (Cs-Cl0-
30 aryl-(Cl-C19) - kil radﬁcals, esaeciailx %ﬁn%§% radicaliaS

(Cl- C18) - aF Rt ?‘?}(‘% PRAZHIAPKG | 27201 cAY S ERTOER 8P WDt R

2010/ Q946 30R&TY EPRO4ONORIZ8Zc19, l-aminopropylphosphonic acid,

toluenephosphonic acid.

In a further process, the organic acid is an alpha-
hydroxycarboxylic acid of the general formula Ia

RB
O
V4
HO C//
RO OH
Ia

15 where R® and R’ are each independently selected from the

' group comprising H, OH, OR', NH;, NHR', NR‘R°, Cl, Br, I, F,
unsubstituted and mono—'or‘polysubstituted, branched and
straight-chain alkyl radicals, cycloalkyl radicals, alkenyl
radicals having one or more double bonds, alkynyl radicals

20 having one or more triple bonds, aryl radicals, alkylaryl
radicals, arylalkyl radicals, arylalkenyl radicals,

~alkyloxyalkyl radicals, hydroxyalkyl radicals and
alkylthioalkyl radicals, where R* and R® are each
independently selected from the group comprising H,

25 unsubstituted and mono- or polysubstituted, straight-chain
and branched (C;-Cig)-alkyl radicals, (C3-Cig}-cycloalkyl
radicals, (C,-Css)-alkenyl radicals having one or more
double bonds, (Cg-Cig)-aryl radicals, especially phenyl
radicals, (Ci1-Cig)-alkyl-(Cg-Cip)-aryl radicals, (Ce—Cip)-

30 aryl-(C;-Cis)~alkyl radicals, especially benzyl radicals,
(C1-C1g) —alkyloxy- (C1-Cig) —alkyl radicals, (C1-Cig)-



hydroxyal kyl radicals and (C2-Cl18)-al kyl thi o-(Cl-C18)-al k radicals. It
is furtherwpradByseana3tt R8 and RO are each i ndepcRfeRAER W%%Wfrom
the group of unsubstituted and 5 nono- or pol ysubstituted, branched and
strai ght-chain (C1018)-al kyl radicals, 10C3-C18)-cycl oal kyl radical s,
(02-028)- al kenyl radicals having one or nore doubl e bonds, (02-028)-

al kynyl radicals having one or nore triple bonds, (Cs-ClGaryl radicals,

especi al | y, -518) ¢ ADEEBIGLY) t@ryd; v astilegd s,
(C8- C10) - ar’%e% ]oﬁ‘gj; %r%‘fa(%di cal s@IJ%g’om) aryi- (02-028) - al kenyl

radi cal s, Y@L AL - al kyl oxy(Cl-C18)-al kyl radicals, (Cl-Cl18)-hydroxYalkyl
radi cal s and (01-018)-al kyl t hi o- (01-018) - al kyl radlcals any substituents
bei ng sel egt eﬂsff@f&ﬁé\@ @ﬂ‘@ﬂ@rﬁ@cﬂpthatng @hd @%4arNHéacNHR4 15 NR4R5, O,
Br, | and F,  wher ach nde ntly. e

gr oup conp*?@?@ﬁ? o {2 ?@d 8§8&8 5# uﬁ g{f@u%é&”éﬁﬁ

no- po ysu |tute br anched
and st pai ghénshadn mdmyiﬁmstntkyédrahr@aﬁbed(@@doagyatgbtoghﬁy$ f@adi cal s,

(C2-028) - kc;nghg& }[gaggamgw rz@ﬁoee)o y@%%l%g’ldQH@ll%a@@ndQCz C26) -

(06-010) - éspeti al radi cal s
(01-018) - aak}ydenybsmqmabﬁs Mava@gc@ng 0(0]8@9%0?@%?%%@@8(:18& A %RYT
radi cal s, Al } ¥abepzy! haggggcgﬁé ofOﬁOQéSirﬁbkglBéﬁdé@l{@&&%Dakal

radicals, (C- Chydroxyalkyl radlcalﬁ g dical
(C2- C18) - @Ry} t Fe@L¢®hs C1e5P ekt L3P PelY LaFa3 PR pfErerebd®hi¥eess, the
organii@ acid-is,pehegl etadit 018 he (gE-amp) &rglhyﬂ{f&mbsebhyyrradacaaﬁ,

2- hydr oxy ylth ty a d, gly | malic
aci d, tarté?ﬁéhag y%TE@b zé?a%i%ehﬁh %é??ggg%fd d% 81%% ther
preferred p@p¢3§s alk@lor@éncalacldctscﬁ bbydnyﬂvékyﬁér§@§ypﬁé5aéﬂé of the

general folauld,) b1 2018/ 02A03QPCII EP20186024781 2Ry RdnELOchEnts

being selected from the group comprising OH, OR*, NH,, NHR?,
15 NR®R®, C1, Br, I and F, where R' and R’ are each
independently selected from the group comprising H,
unsubstituted and mono- or polysubstituted, branched and
straight-chain (Ci-Cig)-alkyl radicals, (C3;-Cig)-cycloalkyl
radicals, (C;-Cy)-alkenyl radicals having one or more
20 double bonds, (C¢-Ciq)-aryl radicals, especially phenyl
radicals, (C1-Cig)-alkyl-(Ce-Cig)-aryl radicals, (Cs~Cio)-
aryl- (Ci-Cig) ~alkyl radicals, especially benzyl
radicals,(Cl—Clg)—alkyloxy~(C1wC13)—alkyl radicals, {C1-C1g) -
" hydroxyalkyl radicals and (C1-Cqg) —alkylthio- (C1-Cig}~alkyl

25 radicals.

In a preferred process, the organic acid is selected from
the group of 2-hydroxyisobutyric acid, 2-hydroxy-4-
methylthiobutyric acid, lactic acid, glycolic acid, malic

acid, tartaric acid, gluconic acid, glyceric acid.

30 in a further preferred process, the organic acid is a beta-
hydroxycarboxylic acid of the general formula Ib



[1\OH I b R11, RP where R10, Rand R13 are each independently selected from
the group won0ic/0@4630 OH, OR4, NH2, NHR4, NR4R5, BLT/BP2010/¢51787
unsubstituted and nono- or pol ysubstituted, 5 branched and strai ght-chain
al kyl radicals, cycloal kyl radicals, aldgenyl radicals having one or nore
doubl e bonds, al kynyl radicals having one or nore triple bonds, aryl

radi cal s, al kylaryl radicals, arylalkyl radicals, arylal kenyl radicals,

al kyl oxyal kyl radicals, hydroxyalkykﬁiOF{mdicals and al kyl t hi oal kyl

radi cal s, where R4 and R5 are each unde endent J(y sel ected fromthe group
conprising H unsubstituted and nong- orl pol ygubstituted, straight-chain
and branched (Cl-C18)-al kyl radPcar&&s- -cycl oal kyl radicals,
(C2-C28) - al kenyl radicals having ong or jnore 1 oubl e bonds,
(C8-Cl10)-aryl radicals, especially pigng''radicals,
(C1-C18)-al kyl - (C8-C10)-arY1l radicals, (C6-Cl0)aryl-(Cl-C18)-al kyl

radi cal s, especially benzyl radicals, (&€b-Cl8)-alkyloxy-(Cl-C18)-al kyl
radi cal s, (Cl-Cl18)- hydroxyal kyl radicals and
(C1-C18)-al kyl thio-(C1-C18)-al kyl 20 radicals. The organic acid is

pr ef er abl ywserect®d Riomr'Reagdorp efre3-daydr dxyiepepidenitd vacied,ected

3- hydroxybutyric acid, 3-hydroxyval eric.acid,43-hydr ex ) id,
3-hydroxyo%?%%o?%ea%¥%?p3g ?@F%%%F 0 Ut??fcggci .:ﬁugﬁﬁffKQRQ§’ 1,

2- hydr oxyi Bobul yr¥¢ ausdpsBihydedxgndobangri er26oarbdbeahtiltRewi se serve

as a precursor 08 fMefhackytbfrachdiandipethagaybhes’ esteisalkyia further

preferred process, the stripping nmediumor entraining gas used |s steam
air, gasestapieibsabhikemylr BRdgsalsnbarane, OBRy§ENTOF ReFPURAS, PPFEPer abl y
30 ni trogen;heli UAaEE08, hatviAhXbHEesrt hereotrip2& BBhERI NBRGIgAS, an
amount  of Eé&ig igg g%ﬂ& 2}8 gg Egng?garylalkyl radicals,
arylalkenyl radicals, alkyloxyalkyl radicals, hydroxyalkyl
10 radicals and alkylthioalkyl radicals, where R' and R®> are
each independently selected from the group comprising H,
unsubstituted and mono- or polysubstituted, straight-chain
and branched (C:-Cig)-alkyl radicals, (C3-Cig)-cycloalkyl
radicals, (Cy;-Cs)-alkenyl radicals having one or more
15 double bonds, (Cs-Cig)-aryl radicals, especially phenyl
radicals, (C;-Cig)-alkyl-(Cs-Cig)-aryl radicals, (Ce—Cio)-
~aryl-(Ci-Cig) —alkyl radicals, especially benzyl radicals,
(C1-C1g) —alkyloxy~ (C1-Cig) ~alkyl radicals, (Ci-Cis)-
hydroxyalkyl radicals and (Ci1-Cig)-alkylthio-{Ci-Cig)-alkyl
20 radicals. The organic acid is preferably selected from the
group of 3-hydroxypropionic acid, 3-hydroxybutyric acid,
3-hydroxyvaleric acid, 3-hydroxyhexanoic acid,

3-hydroxyoctancic acid, 3—hydroxyisobutyric acid.

Just like 2-hydroxyisobutyric acid, 3-hydroxyisobutyric
25 acid can likewise serve as a precursor for methacrylic acid

and methacrylic esters.

In a further preferred process, the stripping medium or
entraining gas used is steam, air, gases, preferably
natural gas, methane, oxygen, inert gas, preferably

30 nitrogen, helium, argon, or mixtures thereof.

With regard to the introduction of the stripping medium or



gas, based on the aqueous ammoni um salt solution used, between 1 1/kg and
10 000 1/ kgo pororcederdy between 10 1/ kg and 500 1pRy/BR20LErQ51787
particularly between 20 1/kg 5 and 100 1/kg is preferred. In further
preferred processes, the organic extracgiiant is selected fromthe group of
straight-chain or branched aliphatic ketones having 5 to 18 carbon atons,
het erocyclic ketones having 5 to 18 carbon atons, straight-chain or 10

branched aljphat @l gohol s, hgfdbegtflo&os%@lﬁgm&nméa?ﬂﬁ oBELREOEYEkLG

al cohol s having carbon atonms, strai ght-eharn.or ranche al i phatic
al kanes ha%@fg Based 191 cERBORTAEOHE, a@?@ﬂéé@k%ﬁéE AavPhgos ¥eed4 carbon

atonms, strgbghbeshai N/ Qﬁan@bedo@tm¢k§ h aragcélaﬁl}Sb@awa@ﬂ 15 at ons,
aromatics substjtuted b@ hi 08 tons or I% gr s 22 _chai n
or branchetl af K5%e320n? &% 4f EIsABSt VEGY B3P lﬁﬁ ek 8 Wﬁeﬁn 91 to
18 carlBon @hd@nsO0 cyckoal Kapesfuhi-eli.are substituted by hal ogen atons and
have 5 to 14 carbon atons, preferably isobutyl nmethyl 20 ketone, i sopropyl

rothyl ketoner. el SELBYL ket gpec QLY pENY R e e L G
met hyl ketoabkeceefiyfrpenthe @vovnepfhepraighetaliiireponbragrbatdyl ket one,

2-undecanoge; ks dpdecanones Ry pGexangnes eyehopentsneNeneardchuiapol,
2- but anol, 1-pentanol, 1-hexanol, 2-hexanol, 3-hexanol, 1-heptanol,

2- hept anol XeBORRDt ARBINT 19 oEPahBl C2sDERt BREMS . 35 bERARBE ~ChadBt 8Rol |

1- nonamol bﬁaﬂ@ﬁé@oél1§h@@ﬂ@n§lcoﬁoﬂ@nﬂaﬁhnglddeéam@|caﬁbdﬁcaﬂ@hs,
1- undecanol undegcanol anol entanol 30

dogecanly £ Sodeaneloprsle
cyclohexan%?teﬁﬁ?%g he, a%@?PB 8u Héﬂgl tgﬁﬁ He®&hES hept ane,
oct ane, nogaﬁ@lgﬂeeaM@lnuoﬂebaaachddde¢aphatmychbbenéanhavmygl5hewam8

| ohept a t h b th
CY oL ohep ang,pg Wl €1 LoRUbXL ) BhBET poREhEOL DY PANEL RO bR Nor,
35 di pent y¢#tezheht-teakener bskuehed @th?rénbaVﬁngyﬂeh@ 1B8- %?F@ﬁ@

Ch'Orqhﬁnzgegmsd'&P&ﬁ&@ﬂ@éheasstghheéafBgnhaieaéﬁcakeﬁgHEEhagare&ymlxtures
t her eof WD 2010/ 094630PCT/ EP2010/ 05178
groups, straight-chain or branched alkanes which are
substituted by halogen atomg and have 1 to 18 carbon atoms,
cycloalkanes which are gubstituted by halogen atoms and
have 5 to 14 carbon atoms, preferably isobutyl methyl

20 ketone, isopropyl methyl ketone, ethyl methyl ketone, butyl
methyl ketone, ethyl propyl ketone, methyl pentyl ketone,
ethyl butyl ketone, dipropyl ketone, hexyl methyl ketone,
ethyl pentyl ketone, heptyl methyl ketone, dibutyl ketone,
2-undecanocne, 2Z-dodecanone, cyclohexanone, cyclopentanone,

25 1l-butancl, 2—butanol, 1_pentanol, l-hexanol, 2-hexanol,
3-hexanol, l-heptanol, Z-heptanol, 3-heptanol, l-octanol,
2-octanol, 3-octanol, 4-octanol, l-nonanol, 2Z2-nonancl,
3-nonanol, 5-nonanol, l-decancl, Z2-decancl, l1-undecanol,
2-undecancl, l-dodecanol, 2-dodecanol, cyclopentanol,

30 cyclohexanol, kerosene, petroleum benzine, pentane, hexane,
hepﬁane, octane, nonane, decane, undecane, dodecane,
cyclopentane, cyclohexane, cycloheptane, methyl tert-butyl
ether, petroleum ether, dibutyl ether, diisopropyl ether,
dipropyl ether, diethyl ether, ethyl tert-butyl ether,

35 dipentyl ether, benzene, toluene, o-xylene, m-xylene,
p-xyvlene, chlorobenzene, dichloromethane, chloroform,

tetrachloromethane or mixtures thereof.



In further preferred processes, the free acid is obtained fromthe

ext ract antWo a2@h0 /R9463the extracted acid by a separBEFORPHPHLEAZLERT ect ed
fromdistillation, rectification, crystallization, re-extraction, 5

chr omat ogr aphy, adsorption or nenbraneaﬁcmesses. One advant age of t he
process according to the invention is that of being | ess expensive, since
t he expensive workup and/or disposal of the anmpbunts of salt obtained in

equi nol ar aOERESheS éﬂ@ﬁ@é@d@r@@ésﬁéﬁthehei§ré@aéci@eléoobtained
back-integration of t anmmoni eleaseg ﬂ F odugtlon p%ocess and the
closed circtPt bfet ﬁ%tE&??%E?a FAEgueLED; eﬁB REFRYaRCedvPY ofinent al | y

friendly a@épéf&@ﬂ@ﬁepﬂmﬁéggtS&Eenaeﬂefroﬁhélsselbatmbnermﬁse much- used
assistants, for exa | e suI ag o] I ree 15 acid from
the amoni LRTsaFt¢e EP B i A aﬁg%flz ? %fk%gaggﬁf?%ﬁg ltlreactlon st eps
a5500|étedchIQmahoghaprtsad$©r95xanpbé nhebraafsanPaasEed- of t he ammoni um
salt with a secondary or tertiary amne or ester formation with an al cohol

and subseqygat 5 Qﬁeégé'éftehéh§r6&§§saabeor39n&h@opﬁﬁée§ﬁv@ﬁekénlmsa nor e
ener gy-savi ng manner, since the reactive extraciion can erfﬁrned at

| over t enpEhaE upEsPEHAS %%%Stﬁ§PﬁﬁFl¥§PtSHP§§OEP§t?636nEﬁﬁFOVﬁ§ tPof hi gh

pressures aﬁdﬂ§ﬂaﬁiyp@§@EC@§S@h¥ ahbi8tEOVEr 8al beobapihall ¢asts of an
i ndustri al

ant. By t f 25 st
entrai i ng=BILTOtHE PEPEREE BF PREASRkHndaFRe BRERRS! Pon CLRET EOF succeed
m@thinisighhékeantégrahnomeofrehetammonnaeseéadsmﬂthngogalproénttyonigher
e | nagrbREsk| ¥8a SKAL A1 HO0ATETCELORIGRELfe! Bt DUS HREScRAGEAMEA | Y

viable th rocesses describe rior art. The novel process
descri bed h@r@Ofbrlne&@a@ﬂﬁgr@@mﬂgtﬁléﬁl?ﬁéea nebfh 58PP8TERereof is nore

econom cal }, ¥ viapl - angnapre @Hé'ﬁ@@”@@tékhér%&b@nﬁh&h Desaription of the
| nvention =~ WO 2010/ 094630PCT/ EP2010/ 05178
assistants, for example sulphurlc ac1d to release the free
15 acid from the ammonium salt, is eliminated, just like
additional reaction steps associated with high costs, for
example the transamination of the ammonium salt with a
secondary or tertiary amine or ester formation with an

alcohol and subsequent hydrolysis to the free acid.

20 The process works in a more energy-saving manner, since the
reactive extraction can be performed at lower temperatures
than the thermal salt dissociation. Employment of high
pressures is usually unnecessary; this lowers the capital
costs of an industrial plantL By virtue of the use of a

25 stripping medium or entraining gas, the release of the acid
and the extraction thereof succeed within significantly
shorter reaction times and with significantly higher
vields. The reactive extraction described here is thus more
economically viable than the processes described in the

30 prior art.

The novel process described here for relieasing acids from
the ammonium salts thereof is more economically viable and

more environmentally friendly.
Description of the Invention

35 The invention described here comprises an improved process



for releasing a substituted or unsubstituted organic acid, preferably a
car boxyl i cw@aczohdred9ddé3do sul phonic acid (1V) or phorphorP2ORCYOSLIB7 nOre
preferably an al phahydroxycarboxylic acid (la), fromthe ammni um salt
thereof 5 by rel easing and renovi ng amazni a and si nul taneously extracting
the acid released fromthe aqueous phase with a suitable extractant. This
process corresponds to a reactive extraction. The reactive extraction of

an or gani ceagi &.{Lom Lhe. aqysonp 10-ATUPLUMSALLSObHT bodah ler gofacan be

i nproved sfghi ¥TEE entraini hg gas,
for exanplereferagkn, aa¢¢rb@¥ﬁéh¢oﬁciﬂeﬁi EEEES Sﬁbﬁhﬁﬂaﬁpﬁéléréﬁﬁ) The

anmoni a re&ﬁaﬁﬁg%bﬁoﬂfﬁﬁyéﬂdf(9ﬂ1tﬁ@réqgﬁeyéréﬁiytaﬁnabﬁhahe conti nuous
gas stream and 15 can into gmoductlon [ ocess freﬁ acid

can be obtBYREFVIERFPIREL bRt Rattant2by ATPPRobRSsAEUERI YR ﬁ?%FlFﬁﬁF?B

reCt'fﬁcatH%nreﬁéa§i@é|aﬁ@tt@ﬂoviﬂgeaﬁmaﬁiaoﬂndC@imﬁntagéaﬂbyy adsoLpt i on,
or by a ne 20 _Extractign_is upderstood to ﬁparatlon

process |ne§#$%%t %gcg??l%ﬂﬁ@nfeg?a?g ovEPY gﬂ sﬁ%g?gﬁgegﬂg?gnWﬁﬁxtures i's

achi eved wsthtalbee addtofcsahecti ve solvents or extractants. As in al
t heLmal separation processes the separation in the extraction is based on

the d'ffef%ﬂ%a§§r9&§% ggifgggp%dglﬁ&uger 989998”%§t9§&%@8ﬂ tpgeor more

coexistin nor y arise through litmted mscibility of
t he |ndlV|ﬁ@®¢ttﬁﬂp©ﬁbﬁ@@tvpﬂhoénéﬂaﬁégﬁéic(ﬁF%@lEFPWtPhQaﬁﬂueTH§ nass

transher oyghobhempPhase ibierissecneeesedsahhpeughpdbibasi on until a
stable end 30 state -_the thelLnodynanic equilibrium-.has been

establ|she%lgﬁégé?a%EHYIP%rFBﬁ1Hﬁ@ BLeft SEFAPRLRY PREIPRaSEs nust be
separ abl e @i&@h@ﬂﬂlﬁﬁ@|gas Si nee thesplagaiinrogasi shinf atphbur aki tyeot

conponents, furth r se ion ce S . eX st i.l
crystalliz%??%ﬁ O§5 ??giﬁt?Bﬁygfoiﬁ§nr&&§n§$eggﬁ %F%PI%gcggﬁégggd
downst r eanfrém the agaeduyesektitachi by, the teatinuvnesr gast soneps and

2010/9%%639§§7£§P§8&0£95&7§£t84 SFESEhEEQBEdP98céE§ exhbagtibang Thi s

i nfluences thernodynam c equilibria and thus i1 nproves the mass
transfer bedneked ¢heaphadeSrom: thesexbhABEBRTT BYng Pﬁﬁﬁeﬁﬁesﬁéacﬁﬁve

extractiongpfcillation, rectification, crystallization, re-
extraction, chromatography, adsorptiocn, or by a membrane

process.

20 Extraction is understood to mean a separation process in
which the enrichment or recovery of substances from
mixtures is achieved with the aid of selective solvents or
extractants. As in all thermal separation processes, the
separation in the extraction is based on the different

25 distribution of mixture components between two or more
coexisting phases, which normally arise through the limited
miscibility of the individual components with one another
(miscibility gap). The mass transfer over the phase
interface proceeds through diffusion until a stable end

30 state - the thermodynamic equilibrium - has been
establighed. After equilibrium has been attained, the
phases must be separable mechanically. Since these again
consist of a plurality of components, further separation
processes (for example distillation, crystallization or

35 extraction) for workup are generally connected downstream.

Tn the reactive extraction, at least one reaction is



5 organic acids such as carboxylic acids, sulphonic acids a hosphoni c
aci ds and w106/ ¢946%0 al pha- hydr oxycar boxyl i c achéTﬁ%?ﬁ%‘Mf? 'Ug

anmoni um salt solutions thereof can be inproved by the use of a stri ppl ng
medi um or entraining gas, for exanple R4trogen, air, steamor inert gases,
for 10 exanpl e argon. The ammoni a rel eased is renoved fromthe aqueous

sol ution by the continuous gas stream This shifts the equilibriumof the

reaction signi écy 6:9 the Lighic{Sshemends Usfngerides exaapl e of
car boxylic aC| ) NH4+R—C%]—< + NH3 15Sche 3 The free organic
acid for neti—i‘@@“ a&?&“t%aeq%%ﬁ‘?%%%l BE M RGeS s~ 301 Ut Ton by a

sui tabl e extiactantbethibsn dges pﬁ@aﬁs@@use any significant |lowering of the
pH of the aqueous sol ution. Thi s does not hinder the rel ease of further 20

amoni a. The [ emai ni r opg ugpus phase is
| ess than %J%hat"f‘\en%‘?;g%%% ease% Pégg%ract e%%%?rg %ﬁe 9. IP\ t he

case 0b usergdnic M@meﬁs @Sh@@ltb&)ﬁylllcn@@h@iﬁt h$ &bl e %@%@Saﬁﬂ%m um
salt sol u%ﬁ@séﬁor@?& ac\f\icﬁ%] 9%9%1&%1 thy! 2 kehoneyasoiheaenbiatiant and

wi t hout entraining gas, ours.o extractlon time,. 50% of the
2- hydr oxy-ac s @r@mu@%tw%ma%uW@@H%%a%u%a PEkGRDI ERBYCofngar

identical gondhtionsa Byl wE&regen QeflbpﬂﬁgV\ﬁé@l@ddorl enai:iaynpagsed
as an entrai ni ng gas for_ 30 the amoni a_rel eased rthrou 5Q§ aqygg
2- hydr oxy-9@S met ¥ | SHPBBLE yR1 LT A8FR - afirbni Ght S&I £¥ sbI'GE oA~ Aft er ~90 hour s

of extlloagté@émbl@eargdm priegosaimoniaf rélhydedxys4remevh§tl thoobth¢ric acid
t t to_ 9 0 3 P2 0 25
extracte rﬁeﬁﬁo%% i § tﬁh% Fﬁ}{‘@%ﬁ%ﬁé ?éé Qﬁgéﬁ ShOLOSL{8¢s

Figure 6). erature has a Ereat i nfl uence on
t he extractheneqaiblbﬂ'h@nhoghehet h@actloﬂeﬁfagﬁaﬁwén‘élyt ] 588e6€19

anmoni um spbinsbusi onsihhecner @xémf)@@ diy chbBokpacti veigsraction
proceedas

R——COO NH;# == R—COOH + NH,
15 Scheme 3

The free organic acid formed is extracted immediately from
the agueous solution by a suitable extractant. Thig does
not cause any significant lowering of the pH of the agueous
solution. This does not hinder the release of further

20 ammonia. The remaining proportion of ammonium salt in the
aqueous phase is less than 1%. The organic acid released is

extracted.completely.

In the case of use of a 10% agueous 2-hydroxy-4-
methylthiobutyric acid ammonium salt solution at 80°C, with
25 isobutyl methyl ketone as the extractant and without
entraining gas, after 90 hours of extraction time, 50% of
the 2-hydroxy-4-methylthiobutyric acid used was found
(Example 5). Under identical conditions, 6 1 of nitrogen
per hour were additionally passed, as an entraining gas for
30 the ammonia released, through the agueous 2-hydroxy-4-
methylthiobutyric acid ammonium salt solution. After
90 hours of extraction time, the proportion of 2-hydroxy-4-
methylthiobutyric acid extracted rises to 93% (Example 1,



In the case of use of a 10% aqueous 2-hydroxy-4-nethylthiobutyric acid
anmoni um sgbt2800peeoe3at 50C with isobutyl nethyl kRerpgEp2030¥0hB1787
extractant and with 6 1 of nitrogen per hour as the entraining gas, after
90 hours of 10 extraction tinme, 39% of 4she 2- hydroxy-4-net hyl t hi obutyric
acid used was found (Exanple 2). A tenperature increase by 30C to 80C
under otherw se identical conditions also increases the anpunt of

2- hydr oxy- #1 q@}%yghhlobutyric acid extracted within the sanme period to 93%
(Exanpl e 1, fe 7). It has al so been found that the concentration of
the anmoni um salt used has an influence on the extraction rate. The hi gher
t he concenitabfsnbeent heuagnbhptintbal £terReFRAEUAGUBBESSSEFGRFon, the nore

slowy the;peagkh¥e &X!ERE EQRrd0tPHACEEHS. Tﬂethﬁgﬁéﬁetﬂb use of a 10%
aqueous 2-hydroxy-4-met hylthiobutyric acid annnnéun1s solu on_at 80C

with |sobuF?@Pﬁ€FH9Fek%?oE@eaéqPﬁQuéx?WQEPéH? £ thPﬁuEl?nof Ft "'85&n per
hour asg theagnllai thagrgastiabt ext98chavnspebe@bdextraction tinme, 93% of
the 2-hydroxy-4-nethylthiobutyric acid used was found (Exanple 1). Wen

the concentr % ?Qggéggg annnnlun1 aLt gﬁebﬂgr5aﬁ§8ﬁ5§¥29%ﬁigﬂ9§5hl°‘

ot her wi se ide |ons A)of tracted
met hyl t hi obutyric acid ammobuamnédlﬁnﬁhﬂnt@hé §§n§056rWéG 30spbxampl e 3,

Figure 8).p EﬁyieﬂéEbﬂé gXtEAet bQRrhscaat éﬁat%hﬁhe@ Eothﬁ1E§§geE

i sobut yl ketone as the extractant. IS OSSI use al
mater-lnn1E@th@uéra%nF?®s§§F¥ﬁ§P§nﬂa9é?JnﬁgEPEI OPQHHFC ol vents, such
as al gghol sxtehbeisn kehenesser o85thrdroeaakenrs - 4omeﬁhyuuhe@bnh9ﬁeef WO

2010/ 094630PCT/ EP2Q10/ 051787 .26_l n_t he ase,of use o a 10% u
2- hydr oxy- 8¢ tH§F8hW6Bu%9FP§ ggfﬁmgﬂﬁnﬁ unﬁsgﬁ gnlnC%%%%g %Fh
i sobutyl neOhgl tkegone ﬁﬁdéheOEhEEW@B&nﬁd&nleBﬂhC@HﬂlOﬁOHEtﬁ@g@ﬂ per hour

S gfoggt | LD bRggoen u%}ns 180,80Yr £, 8 o2, SR LRACHL RN bRy 39% akikhe

extracted w1th1n the same period to 93% (Example 1,
15 Figure 7).

It has also been found that the concentration of the
ammoniuvm salt used has an influence on the extraction rate.
The higher the concentration of the ammonium salt in the
aqueous solution, the more slowly the reactive extraction

20 proceeds.

In the case of use of a 10% aqueous 2-hydroxy-4-methylthio-
butyric acid ammonium salt solution at 80°C with isobutyl
methyl ketone as the extractant and with 6 1 of nitrogen
per hour as the entralning gas, after 90 hours of

25 extraction time, 93% of the 2-hydroxy-4-methylthiobutyric
acid used was found (Example 1). When the concentration of
the ammonium salt is increased to 20%, under otherwise
identical conditions, 71% of extracted 2-hydroxy-4-
methylthiobutyric acid is obtained within the same period

30 {Example 3, Figure 8).

The reactive extraction i1s not restricted to the use of
isobutyl methyl ketone as the extractant. It is possible to
use all water-immiscible or only sparingly water-miscible
organic solvents, such as alcohols, ethers, ketones or

35 hydrocarbeons, or mixtures thereof.



acid used was found (Exanple 2). Wen, under identical conditions, nethyl
tert-butylWwether0/r89462@ as the extractant, after 9BCROBPBOLP/BRLVEZti on
time, 38% of the 2-hydroxy-4-nethylthiobutyric acid used is found in the
10 solvent (Exanple 4, Figure 9). In adition to

2- hydr oxy-4-met hyl t hi obutyric acid, reactive extraction using a stripping
medi um or entraining gas is also enployable for other hydroxycarboxylic

actds. Exappl eReCbAsd HETEsL NGk UgC1bBCaGRBRE Cb ahldirskfil LheaRy1tACbLC 15
acid, and 2-hydroxyi sobutyric acid, which is used in plastics rodfctlon
as a precuPdbrrierafMA aTRORHEN cBRLEoFOLEBIBE AT 1890 GqtitblisiFaREF¥Laci d

amoni um sabth ool HEieRe ads 80ke Wekbracbahanahdagithesext oachantogaed with 6
1 of nitro enﬁger hour_as the entraining gagt afg&thO 21 Qours of
O us@d-Was” f ol

extract i orPEF nEOUB8es of ¢ he Hagt it dcd Ra"?ERanpl e 8, Figure
10). I ® t hexeasetdbnusimef 292084 agheoBdshPdhyryoekynsobul yhicbatidigmoni um

sal t SO'Ut.QQdaﬁsgch%%tPﬁ%ﬁ@bg§¥égﬂ?%h¥5.kﬁﬁgﬂ? ﬁﬁdépei§§£E§E&§nt and

with 6 1 of nitrogen r _ e entraining gas, ter 21 hours of
extract i oncondilid99, of nehey - hedrokyrgdbatrrciacidedsad wWAS found

(Exanple 7o Figuigndl) asdBe 0vRALEGNLEI bodrhstneh tembli ghedodntyeto the
rel ease of h droxycarboxgllc acids fromthe annnnlunlialti thergof, 30 but
I yict

al so i ncl udieBYS¥ Py -4 UBSERY LERUOBHt YRS GbeGhEt PRt edS cAPHB Cids, e.g.
val ering acgdivand sm:aheNéecCcaacFigure. g) .(+)-canphor-10-sul phonic acid, and
phosphoni ¢ acids, for exanpl e tol uenephosphonic acid. In the case of

obutyl et oRRbtghetRet t AT 0D SBTOF oA BBHE ERBbTOr Getr gy oay Ve
extract antesndavtitn6uding ai srogepiper mhddnmasrt Reteainangi agsgas, after

?éxgﬁ;{z gélgét%@éﬁ§g§biénfor99%%8§ hbaryalenipoach d-ugedavwas lampdes
éiteg here include the commercially significant lactic
15 acid, and 2-hydroxyisobutyric acid, which is used in

plastics production as a precursor for MMA.

In the case of use of a 10% aqueous lactic acid ammonium

salt solution at 80°C with l-butanol as the extractant and

with 6 1 of nitrogen per hour as the'entraining gas, after
20 21 hours of extraction time, 88% of the lactic acid used

wag found (Example 8, Figure 10).

In the case of use of a 10% agueous 2-hydroxyisobutyric
acid ammonium salt solution at 80°C with isobutyl methyl
ketone as the extractant and with 6 1 of nitrogeg per hour
25 as the entraining gas, after 21 hours of extraction time,
49% of the 2-hydroxyisobutyric acid used was found (Example

7, Figure 11).

The invention cited is not restricted only to the release
of hydroxycarboxvlic acids from the ammonium salts thereof,
30 but also includes other substituted or umsubsubstituted
carboxylic acids, e.g. valeric acid, and sulphonic acids,
e.g. (+)-camphor-10-sulphonic acid, and phosphonic acids,

for example toluenephosphonic acid.

In the case of use of a 10% agueous valeric acid ammonium
35 sgsalt solution at 80°C with iscbutyl methyl ketone as the



I'n the case of useof a 10% aqueous (+)-canphor-10- 5 sul phonic acid

anmoni um sebt2000 vo9oe3@t 80C with isobutyl nethyl ReTsRR20L0Y0E1787
extractant and with 6 1 of nitrogen per hour as the entraining gas, after
66 hours of extraction tinme, 25% of the«+)-canphor-10-sul phonic acid used
was found (Exanple 12). 10 In the case of use of a 10% aqueous

t ol uenephosphoni ¢ acid amonium salt solution, it was possible at 80C with

| sobutyl n&%@¥$c§§ﬁ9n£n§5w£Qﬁ4gx%rQgtﬁﬂ%r@@gn“béf ﬁo&roésntEéOQGn per hour

as the entraini as extraction tinme find 43% of
t he toIuene@hn@pmbﬂgcgﬁﬁadaiEEHs%E henagpPé @%Fra¢ﬁé°€xﬁhﬁﬁes9@%t@§ wer e

perfolmed ipea,speeidlbyi devetappdspestinaalBkakbiguog #iguf@ergxtraction
vessel of the perforator was half-filled with an aqueous anmoni um salt

solution of an organic acid 20_and é%lled with aF extrﬁctaap until there
i's overfl oltt BReheafeset vaFe. OFhd FREePUBFPUFt $&1 TCFEPHPkew’se hal f-filled

W th exﬁra@ﬁa@m@nihea@x@rammoﬁmumesset sslegiibpped 80P wnthnssobedyl
di stribut op and, & gas. LNl et hube. MLALLLLLande: fhst T burons Epopghat ed by

nmeans of nHg ppI fig le nitrogen, is
S|nultaneoyeryhourr@ﬂutbd anarahalgasgaﬁbeaftabeﬁﬁTh@uﬁﬁtﬁﬁctant suppl i ed

to the di SLiiputelofr et hescendensae AhpveakBnouonoashuBRoRycdastil | ation

out of the reéeservoir I's accelerated_into the aqueous amoni um salt

sol ution teseeé wxsrheved éEXFmH§93626roplets out of small holes of a
distributor ring by centrifugal force. This achieves fine distribution and
i ntimatee ntﬁiﬁﬁeoéaééeoﬁxuééCb@na wokhatjieount evlabnbphoeshoadti anidAt t he

sane tine, the gas stre th i f t h
Caused by THESELCT b et f R0 5B EUF hé CalBoRE SRR, i S0rE E5Ptti o to be

extract ed, lshbutyhemgtHyStkebunedasxthacEantabadan anﬁhwnhh bréeodr gani c
VO 2010/0946 OPSILERRN1NLQR1IET 28 ahkdaexingckad r saehes khaodeRoskt [ on

zone only at onged residéence ueous phase and runs
back into ehera959@not1m¢dl§©|ﬁﬂaﬂléﬁ%fpéskﬁe ﬁpéﬁﬁ%ﬁPEﬁSPH@n§6I@€ﬁ@ is
recyched iptaqgt hexsn; ﬁiécisﬁ” circuit by re- 5 evaporation. The free

organic acid coIIects in the reservoir. The ammonia streamrel eased is

renmoved with the strippin as via th attached jacketed.coi.l ndenser
and col | ecTB8 ?ﬁaﬁﬂlﬁﬁuﬁbgggsWPﬁﬁuP?E &Gt HEp® SpeClaQIy deveroped

perforator (Figure 1).

The extraction vessel of the perforator was half-filled
with an aqueous ammonium salt solution of an organic acid
20 and filled with an extractant until there is overflow to
the regervolr. The reservoir itself is likewise half-filled
with extractant. The extraction vessel is equipped with an
inserted distributor and a gas inlet tube with frit. The
distributor is rotated by means of magnetic coupling. A
25 stripping gas, for example nitrogen, is simultaneously
introduced via the gas inlet tube. The extractant supplied
to. the distributor from the condenser above through a tube
by distillation out of the reservoir is accelerated into
the aqueous ammonium salt solution to be extracted as fine
30 droplets out of small holes of a distributor ring by
centrifugal force. This achieves fine distribution and
intimate mixing of the extractant with the material for
extraction. At the same time, the gas stream drives the
ammonia out of the aqueous phase. Caused by the co-rotation
35 of the agueous ammonium salt solution to be extracted, the

finely distributed extractant laden with the free organic



An apparatus inprovenent is the countercurrent extractor 10 (Figure 2). In
a reacti ormoupeiredqab4p2d w th random packi ngs, the BEUéBRE0AMOBAILERVSal t
solution of '‘an organic acid at a controlled tenperature is.introduced from
the top and punped in circulation. The axtractant is punped into the
reaction tube in countercurrent through a frit and the 15 entraining gas
is introduced into the system The finely distributed droplets of the

extractanta@PaOéQt%Qstgagﬁ aehéglQhéeh@@égétlzﬂezbhahsﬁnyoageekc phase is
renoved via an outlet at t Eger end of the reaction tube. After the

separatlon96@1@¥9?§c¥9ﬁ%dﬁﬂﬁeo BRI d1aEN8 PABPOBRaRBRES2ANEr JETEI PRSSL i on,
di stillatipRzoSeparabkenvbyrcoal sogl1sepanatienkhby baek- wa$hhnghWIth

water), the extractant is roduce nto the circuit a
entralnlngsﬁi e%ﬁdl?hEe?¥FgﬁéeHHBHngH?aeﬁﬁFéﬁtﬁgg Séﬁﬁugg ggnISUt are
removed vi avéherboponSerhesfeeaneetiboncobcadptuilakrty of 2Becount er current

extract ors, (RS ENe RLOCERRAYENHRLELCLLI ELemh and, Ladushrialhy.
enployable SA-cadcade reactl ve extrac on RS o alnea gure ?ﬁ
advant age @trlpgsegtﬂ@Sapparahas@§t@9hgdréazkaﬁédBFOQ&eﬁoﬂﬁ@ﬂﬁérféﬁétor is

that it 'Sc$%iéE£¥dp9§Saﬁlgqﬂébﬁst9u§ghu§§csaemafkea tly higher entraining
gas flows an ere Is secondly continuous renoval the organic acid

rel eased. In this way, the extractant can almags be reused unburdened and
t hus d|ssoﬁ%eaBB?EaBFﬁaﬁWErQEF@ePEIéés@ﬁe REHTSSEFHET GRE of¥EhECEPani ¢
acid hy thernghee 2n.the anmpeacufroaakiibdSesolpbednwisht haadpmevent ed. The

extraction_can.thus conducted_w th.high traction_rate .
2010/09463%%%#%%%@01€$85ﬁ9§?055 @H@OE%HﬁpﬁgﬁgiF Jurden ?E gn re%%%?&g
extracti onasifihal- Aydooryedladt hgibhirebutyr iie avicdodndedsdbony kheethpl
ketone. | N4 8ep(A8Ea0tntiaerBl 8L 10X, aGHROUS 2aRYdbRxY s puﬁgbayhh@bobutyr'c

aci d am"mmum ution at 5ISO uty net etone as the
extract.ant thAdTr@RER1iGD tubf ARt FOYERSHENTIHETE 5§rpﬁaheﬁtﬁaﬂﬁ|ﬁ§dg§§e after

90 hourss ofnexhiAachio aglﬂg 1ﬁ§f%ahcbae1at6y@héxgyét@mthrhbhﬁah@uyrlc aci d
used was found (Exa

ng % ﬁ %h |nflueg ﬁhs ﬁossessed her e
not only b?l?ﬁél?Et? nﬁé?@%ﬁF tRE EXtIraCtPBh eof SR8 PREXERGUNt of
entrai ni ngagas trateaducedrhet 1abkechy oirbenfikophnates sofretnbeedxtiactant and

Oty Al BRI THR LHE BAbE: BaH! Lol rnEl EhRIRSEALUEE | A-0Ldd Dy the

extract ant ow t he "boi of a possible
azeot rope. sébaratibe oasexbtaGSenofaadlowgaqmeoagld (for example

2- hydroxy- érgspg¥h£9ae?55yrHeseenﬁa%qgﬂn'g@béégkl%alggl@eoqaﬂaoc with

i sobutyl etone as the exiractant and wt nltro%en per
hour as th%eE@FﬁﬁbpﬁgbﬁehﬁﬁﬁrwéﬁbéﬂggWlﬁéuW§t8F)exFP&c?F&ﬁaFF 959 of

the 2-hydroxyrdaiBthykhbbobUEYEE€cuit again. The entraining gas and
" the released ammonia which has been driven out are removed
via the top. Seriesg connection of a plurality of
25 countercurrent extractors makes the process even more
efficient and industrially employable. A cascade reactive

extraction is obtained (Figure 3).

The advantage of these two apparatuses (Figure 2 and 3)
over the perforator is that it is firstly possible here to

30 use significantly higher entraining gas flows and there is
secondly continuous removal of the organic acid released.
In this way, the extractant can always be reused unburdened
and thus dissolve more organic acid released. Redissolution
of the organic acid by the water in the ammonium salt

35 solution is thus prevented. The extraction can thus be

conducted with high extraction rates.



20 acid used was found (Exanple 10, Figure 14). Means of industri al

i npl ement WO o0/ 0PPE3I @t us used on the industrial BERIBPRHLE/051787
liquid-liquid extraction by the countercurrent principle is a

m xer-settler apparatus. In countercurrznt extraction, in a 25

m xer-settler, the carrier and the extractant are conducted through the
m xi ng battery in opposite directions. Thus, in the first stage, the

hi ghl'y |aQ§ﬂeCé%ém§IeSé{€é&1héréoﬂéagt§QaMti@eaék€§QMt§Bﬁlﬁb@ﬂ extractant,
which results 1n a first refining step sta t he %y@dlng of 30

the carrief- %Y@%%ﬁyd%cm%gggéth#9QUF55ﬁ?n@Cb@ ?ﬂ é%PP§E¥£nWeE
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ultimately, -the ad e Ieted raff ate dIS r g with fresh
unl aden exiFERY %ﬁ? e? %% ¥ gt IR R gouﬂ%%?%urreﬁtggrocesgh

hi gh déplei$00u6§10methglrhétonat35|EhachkévedtanthaBdHWithnﬁﬂni505f
extract ant n ca
2010/o9463%%%##%%5gﬁ%fo%é9§7a%g£%?a ?¥§5¥ﬁ§ﬁ§p§§%at%§g§rzﬁb RO gire 4
for high berterstaent htmext7att aht thad2 Fhydrexs-fonerByl bBiPEREYTS€rve to

di ssoci at e; a/HORLEM $akt So@hd Ol Bage1aCEdSFigheeamypni a and 5 the
correspondi ng organic acids, it being possible for this thernal

di ssoci ation to,take pl ace under condi ti ons at there is no
deconp05|tﬂ%ﬁho$nf%%e£?@ah?cp%%?8§se$hgeﬁﬁpﬂP5t8§1¥Oﬁ¥|%gg of a colum
with nOtray@mpéb&tﬁfayﬁnothmheﬁhratelpnetenahhyandnthguamduas bébbl e- cap

| t h.th i d
i rect tri RSP dira phaseeSriaPrRetsBel: al ehv oEaReE Ot nshE, oy
bel ow. A‘sextp@cn@nhedn@nmflbhs stmeoayh am@on®umnﬂaitoﬁpﬂﬁélﬁatt@hﬁ

upwvar ds, wgéﬁ$e£§tﬁfsffga&hydéat59dEﬁ@dek9£acEQﬁtbegaanha& theucal yan or

15 bel ow ower nost tray he stri pping ned |un1nag referably be steam
which is OpebPHeBhayPPhbiRgaPPHRBLoPLt AcPEHEEBLS BRESETPRSsed downwar ds, or
the stripping mediumor entraining gas may al so consist of an inert gas,
for exampl ennihéogese 06t angthee gasoshhghebobme-ayasiyre- mbthyZ&haﬁnDnia
by InteraCtﬁQS§lché£g éﬁmgg%gﬁlgafgnggiakggg gg EB%Cngt %ggbutyl

methyl ketone as the extractant and with 60 1 of nitrogen

per hour as the stripping medium, after 90 hours of

extraction time, 95% of the 2-hydroxy-4-methylthiobutyric

20 acid used was found (Example 10, Figure 14).
ﬁeans of industrial implementation

An apparatus used on the industrial scale in a liquid-
ligquid extraction by the countercurrent principle is a
mixer-settler apparatus. In countercurrent extraction, in a
25 mixer-gsettler, the carrier and the extractant are conducted
through the mixing battery in opposite directions. Thus, in
the first stage, the highly laden carrier stream is
contacted with already enriched extractant, which results
in a first refining step. With each stage, the loading of
30 the carrier stream decreases. The loading of the extractant
stream contacted therewith decreases in the same direction,
guch that, ultimately, the already highly depleted
raffinate is dispersed with fresh unladen extractant in the
last stage. In the countercurrent process, a high depletion
35 of the raffinate is achieved with small amounts of

extractant, which makes this variant very economically



The configuration of the trays is preferably such that the agueous and
organi ¢ phesez0Hd op6RICt ed t oget her fromthe ent rRCTHERPRHRLO/@FLTRT7 t he
exit by suitable baffles, in order 25 to prevent back-nmn xing or
short-circuit flows. On the trays, by wiortue of the gas entering at the
bottom good m xing of all three phases takes place, such that the amoni a
rel eased by theiml deconposition, owng to the | arge phase interface, is
converted easgi{y to the gas phase 30 and the organic acid which folLnms can
be extracted rapidly out of the aqueous phase into the organic phase.

Thus, the aqueous phase conprising,the a m salt and the organi c phase
whi ch abscFBR APRATHGATRT SLBPH af 1$F¥§tf u?b%%é%ﬂlgﬁﬁﬁtﬁﬁrtﬁ% t he
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| f ammoni um sa resent in the aqgueous phase o.thermal e i brium
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organi ¢ 15 and aqueous phases i s separation process nmay be a phase
preferably introduced into the bottom of tne column or

15 Dbelow the lowermost tray. The stripping medium may
preferably be steam, which is obtained by the heating of
the aqueous phase passed downwards, or the stripping medium
or entraining gas may also consist of an inert gas, for
example nitrogen or another gas which forms a mixture with

20 ammonia by interactions, which is readily convertible to
the gas phase.

The configuration of the trays is preferably such that the
agqueous and organic phases are conducted together from the
entry to the tray to the exit by suitable baffles, in order

25 to prevent back-mixing or short-circuit flows. On the
trays, by virtue of the gas entering at the bottom, good
mixing of all three phases takes place, such that the
ammonia released by thermal decomposition, owing to the
large phase interface, is converted easily to the gas phase

30 and the organic acid which forms can be extracted rapidly
out of the agqueous phase into the organic phase.

Thus, the équeous phase comprising the ammonium salt and
the organic phase which absorbs the organic acid are
firstly introduced together to the uppermost tray (No. 1)

35 of the column and mixed. In the case of an extraction in
countercurrent, the agqueous phase with the greatest
ammonium sa&lt leoading is combined on the uppermost tray

with the organic phase which absorbs the organic acid



separator. In order to pronote the phase separation, a tenperature change
can be ef fictzol®bed®L4E30 he separati on process. FurtPer/Erparal05h787
processes, such as a distillation, rectification, menbrane process, 20
crystallization, adsorption, chromatography, etc., are |likew se possible.
Thus, at the uppernost tray, the organic phase with the highest |oading of
the organic acid is obtained. The organic acid can be separated fromthe
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boi | i ng t copeeat ired 3% 2hecease Bhewat &F adwere FHHRFLBHI PFngh Eonponent

at tthODeéﬁééﬂgcpa@§§U&@1@E themgobEtBr and @ilﬂihétiaﬁleﬂ ehmsheam as
the entraiping medium the water is ﬁéglegted in the | gart of the 5
t

col um andl%P%pE?%t%Hg%QlﬂE%ﬂﬁsﬁf af RcRIHGRYS o a?58
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and can opti arated in a downsiream separation.process. In the
case of ma%@@aé@t@ﬁe ﬁﬁg%@@eﬁoFPlEﬁOEGHﬁoﬁEﬁtPQPS?h§e@Br65éPﬁt|ﬁg pressure

of the col yghpetfeupt 0aNhEg8OLYANbeCatfaksedbpeeyapotRbedepagatdong to the
above descrlgtlon and be used as an entralnlng nedlug1 To this end, the

sol vent | SPEPERST - alfdBUDFF eSAPRARET OPi PFOFEFEFScoRtFBl 2P0t he | ower part
of the colamacivratesycl edcttdictbécaeparabirene process,

20 crystallization, adsorption, chromatography, etc., are
likewise possible. Thus, at the uppermost tray, the organic
phase with the highest loading of the orgahic acid is
obtained. The organic acid can be separated from the
solvent by one or more further separation processes such as

25 a distillation, rectification, membrane process,
crystallization, adsorption, chromatography, etc. The
~solvent released can then be fed back into the column for

extraction.

After the separation process on the uppermost tray (No. 1),
30 the agueous phase passes to the tray below (No. 2) and is
in turn combined with the organic phase which absorbs the
organic acid downstream of the separation process belonging
to the tray below (No. 3). The fresh organic solvent, or
that recycled from preceding separation processes, is
35 combined on the lowermost tray (No. N) together with the
aqueous phase from the tray above.
To operate such a reactive extraction, it is necessary to

decide whether water or the organic solvent possesses a



20 processes for solvent renoval fromthe organic acid or solvent renova
fromthe t¥p 2010AR94830 vent vapours, ammoni a and pBSE{BPFORO{QPLABY gas
and snmal|l anmounts of steam are passed out at the top of the columm and can
optionally be separated in a downstrearBZseparation process. 25 In this
case, water is discharged fromthe process after the separation process on
the lowernost tray (No. N). In the case of relatively |arge solvent | osses

to the gas,phase bbilisgPesshblgctPeaddnl tRshcoter ecyRhedrsasvene at each
tray, in order to balance out thjs IOSﬁ. 30 Alg.of sai d processes of the
present i nY@ReT oRCht B Pr ePBPABEYT pBl f bifredP PRt hh d e Bet M hedP um T

addi tion, &beuprocessestoficibhezpresandfi aveani sa tha betpeifonged i n batch

processes known to_those, skilled i at i t] usep esses. 35
Separatioﬂﬁﬁaﬁ%%sSE%eI%a5?ﬁe%stoo%ggépggeﬁﬁhgﬂ?rgg%ggggﬁgg ggiéﬁgronlthe
WO 2016/ 0946B0RCTAER2618p0BATET BB BrendcPing bAatoRPrbengAr oPPEXRESEL i on,

vari ous prgﬁeéfféu%£€igﬂp|fﬁﬁé'S%a 8LaeXanRke. 21he BXtrastaghrbaden with

the free acid can be cooled in a phase separator. The free organic acid 5
separ at es BREUEBL achBFel AT PN yCEBRCEREPAL ed'8qBEEESS pHEAEBTWEh t he wat er

di ssol ved kpn&her &t bact 3ot tpAdcedAmheunaspvedlt husve®f tontdosti frhative
renoval of the water, t i

he free acid js.present_in pure form e
extractantSE%ﬁmbésféHtH?SEE? y2Batk #ﬁ%gwtﬁgee}?wg Poh gF?gngp'lﬁ)'
Di sti lloat | geesgnosmhoni at Ardexptaohablyi & dlhsohposgabl endThmadkt r act ant
| aden with_the free_acid 1s.h o] N n i SEI d f at
st andard p?%%%ﬁga %F ?%gﬂ%éﬁ %%éggﬁ%ea?% ghggggiﬁﬁgt?%nkg%pgggtag gPe
cust onary dedugn. afifli sadi eptibneélywhechepennabAsitatefOWRSERB2Base of an

15 azeotrogﬁgggégigg spbugpt or else is anhydrous, can be fed directly
back into t extractton circuit. The free acid,remains in

\ e t he
distillati&n boetepse ALfWpEREr2fethS BEIPEROPPhGIPHe CPPRENE aRc E4&i d

fromtke operating pressure of the column, the organic solvent can

also be evaporated according to the above description and
be used as an entraining medium. To this end, the solvent
is either added fresh under fill level control to the lower
part of the column, or recycled from the separation

20 processes for solvent removal from the organic acid or
gsolvent removal from the top stream. Solvent vapours,
ammonia and possibly a further gas and small amounts of
steam are passed out at the top of the column and can
optionally be separated in a downstream separation process.

25 In this case, water is discharged from the process after
the separation process on the lowermost tray (No. N). In
the case of relatively large solvent losses to the gas
phase, it is possible to add fresh or recycled solvent at

each tray, in order to balance out this loss.

30 All of said processes of the present invention are

preferably performed in an aqueous medium.

In addition, the processes of the present invention can be
performed in batch processes known to those skilled in the

art or in continuous processes.
35 Separation processes

In order to separate the free organic acid from the



| aden extractant is re-extraction with water. To this end
extract antWP ad@Hh0 (R9463Pe free organic acid is re- eR??éE?gﬁl?(Bﬁ4?ﬁ3

-organic solvent with water in a countercurrent extraction in an extraction
apparatus (e.g. Figure 2). According t@3he degree of extraction, a
one-stage or nultistage extraction is necessary. The organic 25 extractant
whi ch is now unl aden again can be fed directly back into the extraction

circuit. Therpguesus &8l ubhpDedfohheffererargaone astkilonanpbecesneentrat ed
to the desired co ce t ation by distillative renoval of the water. The
abovenent i dhed=ge %¥ %n processes were tested 30 successfully with

2- hydroxy-4-nmet hyl t hi obutyric acid as the nodel conpound. According to the
type of orpeni exampteusede tkeraenswal ladem whehothanfceexacadt aan ban

al so be effe ﬁig& thg;g géléésgkggﬁrad§gépkkgg oPEARE ang-processes, 35

chr omat ogra rec
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a 10% MHA QupRniyd $atirsQlykbohed Pht EhbS@QHEMEtEﬁEthdk@éﬁnBel n a
rotational perforator at_ 80C ( |nv§ﬁ%|ve %2 Enn% g/nDI
with a conf@RPVef BBugeyAbFemHALaRMOMRE V?aF?maE ai Fv@at?ﬁ €4 g of
wat er. Thi srd@%s&alit isobhésentwas puirki @bky. cmhegeﬁtracthatlaanobatlonal
perforat or igure d heat ed 80C. . T . ask was initially
char ged mﬁf%g bracéiyag%ﬁgt§P%ﬁe%ﬁ IeﬁEFog%lg XEQ%%;g heated to boiling

(internal tenperature 115-117C). 6 1 of nitrogen per hour were Eassed
cont i AWousbyst ht baghveheenquedbusfsthe sskuypicsant is also possible

The extractant laden with the free acid is heated to
boiling and distilled off at standard pressure or reduced
pressure in a distillation apparatus of customary desigm.
This distillate, which contains water in the case of an

15 azeotrope-forming solvent or else is anhydrous, can be fed
directly back into the extraction circuit. The free acid

remaing in the distillation bottoms.

A further means of removing the free organic acid from the
laderni extractant is re-extraction with water. To this end,
20 the extractant laden with the free organic acid is re-
extracted from the organic solvent with water in a
countercurrent extraction in an extraction apparatus (e.g.
Figure 2). According to the degree of extraction, a one-
stage or multistage extraction is necessary. The organic
25  extractant which is now unladen again can be fed directly
back into the extraction circuit. The aqueous solution of
the free organic acid can be concentrated to the desired

concentration by distillative removal of the water.

The abovementioned separation processes were tested
30 successfully with 2-hydroxy-4-methylthiobutyric acid as the

model compound.

According to the type of organic acid used, the removal
from the organic extractant can also be effected by
crystallization, adsorption, membrane processes,

35 chromatography, rectification, or the like.



15 During the reaction tinme, analysis sanples were taken fromthe sol vent
flask and yhadoysethdagadi ssol ved MHA by HPLC. Aft err@B/ERROB0 /0 51E7 87
extraction was ended and the yell ow col oured isobutyl nethyl ketone and

t he agueous phase were wei ghed and analgysed by HPLC. 6% of the MHA used
was still 20 found in the aqueous phase, 93%in the isobutyl nethyl

ket one. An ion chromatography anal ysis of the organi c phase showed an
anmoni um nten# of < 100 ppm Exanple 2 25 Extraction of MHA froma 10%
VHA annnnﬁ%ﬁ?@% ®solution with i sobutyl nethyl ketone in a rotational
perforator at 50C (inventive) 16.3 g (90 mmol, M- 167.2 g/nol, with a
content of 92.3% of MHA ammopniumsalt were dissolved in 133.7 g of water.
30 This 10% salt solution was initially charged in the rotational
perforatonEgg%gFgeil) and heated to 50C. The solvent flask was initially
charged with g of isobutyl nethyl ketone which were heated to boilin
(internal _ WD 2010/ 094630PCP/ EP2010 1787 35 te ure 117C) 6
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the extrac WHSY Eh and the yell ow col oured i sobutyl nethyl ketone
and the aqueous phase were wei ghed and anal ysed by HPLC. 60% of the MHA
used was st7!6 §ol@d mmot heagubbls? padsel  3935Rnat fentsebupy| Shethyl
ketone. An,f %{&%&H@ﬁ%%&’t%@késﬁs%lw& OF 08B C4p@a§@ w@tshowed an
anmoni um content of < 100 ppm Exanp Ex racti or froma 20%
MHA anmoni Tt Sal 8% stk | %F%%n|§%%u%?Ftﬁﬁ% Y1 CRRT S5 Fot ati onal
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passed continuously through the agueous salt solution.

g
1

15 During the reaction time, analysis samples were taken from
the solvent flask and analysed for dissolved MHA by HPLC.
After 90 hours, the extraction was ended and the yellow-
coloured isobutyl methyl ketone and the aqueous phase were
weighed and analysed by HPLC. 6% of the MHA used was still

20 found in the agqueous phase, 93% in the isobutyl methyl
ketone. An ion chromatography analysis of the organic phase

showed an ammonium content of < 100 ppm.

Example 2

25 Extraction of MHA from a 10% MHA ammonium salt solution
with isobutyl methyl ketone in a rotational perforator at

50°C (inventiwve)

16.3 g (90 mmol, M = 167.2 g/mol, with a content of 92.3%)
of MHA ammonium galt were dissolved in 133.7 g of water.
30 This 10% salt solution was initially charged in the
rotational perforator (Figure 1) and heated to 50°C. The
solvent flask was initially charged with 500 g of isobutyl

methyl ketone which were heated to boiling (intermal



passed continuously through the aqueous salt solution. During the reaction
time, analweiz0saMR4E30ere taken from 25 the sol veRfT/FRARLAMRBEBART ysed
for dissolved MHA by HPLC. After 90 hours, the extraction was ended and

t he yel |l ow col oured isobutyl methyl ketscsne and the agqueous phase were

wei ghed and anal ysed by HPLC. 28% of the NBA used was still found in the
aqueous phase, 71%in the isobutyl nethyl 30 ketone. An ion chromatography

anal ysi s offhe organi £1 phaseeshowed] apr aRTBRb Y& COBE eRbu BT werd 00 bpm
Exanpl e 4 Extraction of NBA froma 10% MBA anmpni um ;al t ﬁ‘é{;utl on

2010/ 0946 3FFCTIFEPXPIOIBSAYEYY J6R TR R R Ry PILEPES bRyt %Y l?rﬂ'/WBE) ina
rotati onaID@g{ﬁ@r@g@rréa@yg@m Uﬂ')Le,IGaﬁagy(;BQ gampl e wedb7t@kghnblromwi t h a

content of 92.3 um s 7 f water.
Ty o 1005 % $0 LERHE | biEaRemin TraryyetnEepcata by pla il iy ufuel

per f or at oraffégue@ Hyunnd h]eat exitr@c’sﬂ)@l 7he soflednend| BBR W@slevitially
charged wi th 500, Oiolgg{g%' é?}é&%bk‘%%n@t beg E‘ﬁ!—:CQqM@Bﬁs heat ed &r@réol l'ing

(i nternal T@nperature ni‘trogen per hour wefe passed Ef
conti nuouquuUlheE@u@mdt@@aéﬁa%@thsﬁP%Csoﬁ9§5| 8h, tPariHg vRe r‘éﬁ%t?Bi"n

anal ysi s Sf"('é%lz S; Mefgat akgBofEOBhEbE, Sobkenh thask aBdtgatmaﬂa%Bﬁlf or
di ssol ved NBA HP]IE_Ce éAﬁg Ou981|9hhours t he §§tract?oghms end

t he
yel | ow coI]é%ﬁﬁ‘é@ene%y}qle?]flr%?wgﬁ‘ﬁ@y ahalYRiSagheblis Bﬁgi‘%lﬁePeaﬁ& ghed
15 and panadysedd byn Hikbon Ya80 ebntbrt MiA wusedOwapmstill found in the
aqueous phase, 38%in the nethyl tert-butyl ether. An ion chromatography
anal ysis of the organi c phase showed an ammoni um content of < 100 ppm 20
Exanple 5 Extraction of NBA froma 10% NBA anmonium salt solution with

i sobutyl nethyl ketone in a rotational perforator at80C (noninventive)
Example 3 '

Extraction of MHA from a 20% MHA ammonium salt solution
with isobutyl methyl ketone in a rotational perforator

15 (inventive)

32.6 g (180 mmol, M = 167.2 g/mol, with a content of 92.3%)
of MHA ammonium salt were dissolved in 117.4 g of water.
This 20% salt solution was initially charged in the
rotational perforator (Figure 1) and heated to 80°C. The

20 solvent flask was initially charged with 500 g of isobutyl
methyl ketone which were heated to boiling (internal
temperature 115-117°C). 6 1 of nitrogen per hour were
passed continuously through the agueous salt solution.
During the reaction time, analysis samples were taken from

25  the solvent flask and analysed for dissolved MHA by HPLC.
After 90 hours, the extraction was ended and the yellow-
coloured isobutyl methyl ketone and the agqueous phase were
weighed and analysed by HPLC. 28% of the MHA used was still
found in the agueous phase, 71% in the isobutyl methyl

30 ketone. An ion chromatography analysis of the organic phase

cshowed an ammonium content of < 100 ppm.

Example 4

Extraction of MHA from a 10% MHA ammonium salt solution



16.3 g (90 nmmol, M= 167.2 g/nol, with a content of 92.3% 25 of NBA
amoni um WP t2QEP L0944 E3Q| ved in 133.7 g of water. TRFE/EBB038YP5338%ti on
was initially charged in the rotational perforator (Figure 1) and heated
to 80C. The solvent flask was initiallyéharged with 500 g of isobutyl

met hyl ketone which were heated to boiling (internal 30 tenperature
115-117C). During the reaction tine, analysis sanples were taken fromthe
sol vent flgaskh andrapal ysed-hetyti sspbyediNBA) bynHRLEotAf1 6280 hours, the
extraction was ended and the.yell ow col oured isobutyl nethyl ketone and
the aqueolREPHIER%er lﬂ%?ﬁﬁ%%e nd anal ysed by HPLC. 49% of 35 the NBA
used was still found in the aqueous phase, 50%in WO

2010/ 09463DFPET/ &l (920i0HD51M8F BF7t Aegisobut ywi theahgbnkenonef AR.B&h

chr omat ogr n j f nj sk a nj ontent of
e e v gt

sol uti 6n Vfihsi0busyltneehyrivatvae inigiedlkt eheugrdninekifact or

(i nventive}oa3r 8ofal 238r F¥BhcoM Trifird @) MBha wehbeda €@ntent.ofn82.3% 10
of MBA ammonj um salt were dissolved in 356.7_g of mgégr. TEIS 1 @gsalt

sol ution WeRLYSRE| Bi #§kcHar gl FhathE FREPGE F1iBs gf of pgethy

count er curtent -lextyactohet Fvgler Werantdeheatiedot boB80Cngl333tgrahli sobutyl

met hyl  ketone were |ikew se heated.t0.80C in the solvent r I voi The 15
ext 1 actor GO GBE= £ P18l 1 helsPar b RFPRCAqpeouboly FEZ8! HRbEsa

Duri ng 0t hecext imgoiohy B8OBrdugh nheregeaoper shbdor seereiahl oleding bbbbl e
conti nuous gh: the Liguj,d:colul o} i qui.d.Ci | at,l.0 kept
const ant o%%?é€£gﬂtg%%?’eé%gg%g%%n%%ﬁﬁ%?gTﬁgr%qgg%gg Egﬁﬁ g%%u??%ﬁ@ags 20
purped i n Elagkl anfoanatysed farndaagotved ¥8Bubyl HREERyRLkBFONe at 8

m/mn. Theyefbhyxi nghnMAscoptal Bhngaksehubyl aaBt bk ket 0p&-pbasarwas
passed into the distil]ation vessel via the heated ﬁhase seEaratogﬁ 800) .

The i sobutYetHEt hyerkePohelwRFRRT WaRYdFEEi PABECYF PURGEr WGERL FELEBRAMi ti ons
was 235 5f edabackni iy octihby cCHPLOL t 7¥BactheheoMiantisedsengobtilThEéoNBA
extracted remained in the distillation sk W th i u |, ket one
whi ch had hot “beeRTFers | P 858ffg§Af%8rLé% ﬁ8§b¥? ?%ggekﬁ%ggfégﬁe§as ended
and t he yehhowergotbuesdtogobnhyl anelhighiskefonbef pogpthe whsesel BhpiweAd and
30 the aquggu Lohed_ apdgapglyysed by HPLC. 26% of the NBA
used was s%?l%mﬁgﬁﬁgmrﬁgﬁﬁéﬁgqueoﬁs phagg, 73%in the isobutyl nethyl

ket one. An ion chromatography anal ysis of the organi c phase showed an
ammoni um cont ent of

20 Example 5

Extraction of MHA from a 10% MHA ammonium salt solution
with isobutyl methyl ketone in a rotational perforator at

80°C (noninventive)

16.3 g (90 mmol, M = 167.2 g/mol, with a content oif 92.3%)

25 of MHZ ammonium sall were dissolved in 133.7 g of water.
This 10% salt solution was initially charged in the
rotational perforator (Figure 1) and heated to 80°C. The
solvent flask was initially charged with 500 g of isobutyl
methyl ketone which were heated to boiling (internal

30 temperature 115-117°C). During the reaction time, analysis
samples were taken from the solvent flask and analysed for
dissolved MHA by HPLC. After 90 hours, the extraction was
ended and the yellow-coloured isobutyl methyl ketone and
the aqueous phase were weighed and analysed by HPLC. 49% of

35 the MHA used was still found in the agueous phase, 50% in



< 100 ppm WO 2010/ 094630PCT/ EP2010/ 051787 38 Exanple 7 Extraction of

2- hydr oxyiwgebrdye yooesic froma 10% 2- hydr oxyi sobut BCTLERZOHO A0FDH8TM sal t
solution in a specific rotational perforator using an entraining gas as 5
the stripping nedium (inventive) 13.0 g« 124 mol, M= 104.1 g/nol, with a
content of 99% of 2-hydroxyisobutyric acid were initially charged in
130.4 g of water and adm xed with 6.6 g of 32% aqueous ammoni a sol uti on

(0.124 nol),. This 10% sal t | Ut d was. . 10 1 njif ] d, |
rotationalg%%r%%$%%%¥i(T%5%§% %%tgﬁ%'h%%tgahtgl%g%é¥%§£§%%§v2%$1$$g§k was
initially chatigedongamiaohgsof shewddt o1t aBneRiuReEeRESHRI @A were heat ed
to boiIing<(i@@3§$ﬂ[ tenperature 115-117C). 6 1 of nitrogen per hour were
passed continuously through the aqueous salt 15 solution. During the
reaction time, analysis sanples were taken fromthe solvent flask and

anal ysed for dissolved 2- hydroxyisobutyric acid by HPLC. After 45 hours,
the extraction was ended and the pal e-col oured isobutyl nethyl ketone and
t he aqueousxahpte eere wei ghed and anal ysed by 20 HPLC. 50% of the

2- hydr oxyi sobutyric acid used was still found in the aqueous phase, 49%in

the isobutyl nethyl Kk [ 0 £ OffR}, 0 n I So9fcthg organic
phase shom%ﬁtg “ %%%n?%ﬁ@%%nf%ﬁ% %ffg 1g%hp%%?8§§u%x§%%ﬁegg E§traction of
| actic acidithohsabu0yd | methelakbdonfmbhi BntoBRECE6LGEPBR FREASSHREI fi c

rotational(pg%éﬁ£§ggy using an entraining gas as the stripping nedi um
(i nventive) 8.1 9 (90 mol, M= 90.08 g/mol, wth a content of 99% of

e aoe ga\ggggsl(g%gsgﬂﬁ%%ﬁ“]'ﬂ S9ng10" HBeL and.adm xedow 54,6.5

10 of MHA ammonium salt were dissolved in 356.7 g of water.
This 10% salt solution was initially charged in the
reservoir vessel of the countercurrent extractor (Figure 2}
and heated to 80°C. 1333 g of isobutyl methyl ketone were
likewise heated to 80°C in the solvent reservoir. The

15 extractor column was filled at the start with agueous salt
solution. During the extraction, 30 1 of nitrogen per hour
were allowed to bubble continuously through the ligquid
column. Both liguid circulations were kept constant over
the total extraction time. The agueous salt solution was

20 pumped in circulation at 5 ml/min and the isocbutyl methyl
ketone at 8 ml/min. The effluxing MHA-containing isobutyl
methyl ketone phase was passed into the distillation vessel
via the heated phase separator (80°C). The iscbutyl methyl
ketone which was distilled off under gentle conditions was

25 fed back into the circuit via the solvent reservoir. The
MHA extracted remained in the distillation flask with
isobutyl methyl ketone which had not been distilled off.
After 90 hours, the extraction was ended and the yellow-
coloured isobutyl methyl ketone from the distillation and

30 the aqueous phase were weighed and analysed by HPLC. 26% of
the MHA used was still found in the aqgueous phase, 73% in
the isobutyl methyl ketone. An ion chromatography analysis
of the organic phase showed an ammonium content of

< 100 ppmnm.

35



(0.1 mol). This 10%salt solution was initially charged in the rotational
per f or at orwq FiauLo £09463d heated to 80C. WO 2010/ ORABLERRNY HPDUTBD51787
39 The solvent flask was initially charged with 500 g of 1-butanol
saturated with water at boiling tenperatgure, which were heated to boiling
(internal tenperature 97- 99C). 6 1 of nitrogen per hour were passed
continuously 5 through the aqueous salt solution. During the reaction
tine, anall?'%f@rml es were taken fromthe solvent flask and anal ysed for
di ssolved lactic acid by HPLC. After 21 hours, the extraction was ended

and the pal e-col oured 1- butanol and the aqueouﬁg hase \Aﬁg wei ghed and
anal ysed FEEREPL@ 9% 04 oPYERXY BEPPRtRETd ASE sEitY°found in the

aqueous phase,a88%isotbbeyd: dusien@l amhbnl en il oned gt aehyianal ysis of the
organi ¢ phase showed an anmmoni um content of.< 100 15. e

Extract i orPRFC %r?%taa'ijr?fq‘?fo?ﬁﬁfijﬁ%)é?/ﬁl %?%%ga%?d&ggn%r%ﬁgh%:g% %%I ution
in a retatilonad t pespor@toed{imyemveryi®eBd g (90 mol, M = 102.13 g/ nol,
with a content of 99% of valeric acid were initially charged in 50 g of

vt erand 20 Ggt xogy ikl 6§ D1 529 aghRoN> ATERNLAcsAl bt 0pe (Bod) ol ).

After stirTing m nut es, the excess ammpni a_and nost of . the water
were drawebfF-hydrexviecelpetyr el attfe¥8reol i Foalay 4beriadalat er-j et

\{SOC/UU”} Tg%@.eflﬁ%_t&f‘%ﬁér(él@dk‘lﬂﬂxi%@é \digﬁ_ob\!@dgi B8£9824 gq?éoma]'ger. Thi s

sal t solution was initi char .in e rotation erforator

(Fiogure 1_)3%%\%&%“?300%0@5'##%y@‘érgegfhf?aébg\/\ﬁ%?ﬁn???gﬁﬁc‘ﬁ%‘%ged with

500 giof i|ibBebtiyllyethytgkétonethhi cotaeienhktapedfovabor| (Rygreat i nal

t enperature 5- 11 . of .nit e r r c i usl
p %l‘h%%ﬁ% Qs Bodc 0oL tLOSN,PEE1DONT e eopRSS LA, CORLEGUAUS! Y

30 t hr ough™? UTi®n. DuUring the reaction tithe, analysis
sanpl es wewith aked §rofn 1debsbyvemethyiskesndeanbigbederer hgatssl ved

val eric acjd; ' 1 be extragyben wasiepded; apdgbhe

pal e- col oﬁﬂr)(gldp:ly% b&%ﬁéﬁﬁe?ﬁﬁg@gtégﬁgﬁaﬁd t he aquegus 1plhase Wére g\ehﬁhed 35
and anal yseelr BOHPLEET ©0pa% S eReCORE BRIEUSEY d RS eI RaEEt PRFCPBENESTh t he

aqueoys phaseut 900 i Puthegi spBUL¥hcRbAYLin¥D 2030/,094638RCTLEPRETE/ 051787
taken from the solvent flask and analysed for dissolved 2-
hydroxyisobutyric acid by HPLC. After 45 hours, the
extraction was ended and the pale-coloured isobutyl methyl
ketone and the agqueous phase were weighed and analysed by

20 HPLC. 50% of the 2-hydroxyisobutyric acid used was still
found in the agueous phase, 49% in the isobutyl methyl
ketone. An ion chromatography analysis of the organic phase

showed an ammonium content of < 100 ppm.

25
Example 8

Extraction of lactic acid from a 10% lactic acid ammonium
salt solution in a specific rotational perforator using an

entraining gas as the stripping_medium (inventive)

30 8.1 g (90 mmol, M = 90.08 g/mol, with a content of 99%) of
iactic acid were initially charged in 50 g of water and
admixed with 6.5 ml of 32% agueous ammonia solution
(0.1 mol). This 10% salt solution was initially charged in

the rotational perforator (Figure 1) and heated to 80°C.



40 ketone. An ion chromatography analysis of the organi c phase showed an
anmoni um cedit 2010 69946300 ppm Exanple 10 5 Extract PER/BP2RMA/ 0PBRBA 10%
IVHA amoni um salt solution with isobutyl nmethyl ketone in a countercurrent
extractor (inventive) 43.3 g (239 mmol ,39M =167.2 g/ nol, with a content of
92.3% of MHA ammonium salt were dissolved in 356.7 g of water. 10 This
10% salt solution was initially charged in the reservoir vessel of the

CounterCurfﬁétsgﬁééﬁEtPiaéf'QHéelﬁltﬁaﬂl eéﬁ&ﬂ £t #9€n 3883gYoef isobutyl
met hyl ketone were |1 kew se heated to 80 sol vent reservoir. The

ext ract or %d?%ﬁ%ﬂﬁhsS$F¥¥%He§tw%H% Wehet ﬁFtﬁoé HBYuESERPFAEBT €0l ut i on.
During t hegyexéh agdi®MeshHbad 06 Bbil@g@n pﬁtehﬂal venpeabtavedsve bubbl e

contlnuous% é?roggg tfe l | UId colu Both liquid circu atlons were kept
const ant % he®totat Bk 3%??oﬂeFPﬁ8urTW%r3 23S s SPE T EBPER Oh was
punpedSin thrcwghtthe aQuéou$/sahtaadluheonsobut?hgnbhhyreaotkenone at 8
mimn. heehl g Mk Gapt 8l nige! BaRULY L BR! gﬁé kgLopg:Phasg.vas

passed |nto i on vesse Vi a eate hase separator (80C).
The i sobut§hd nenaiyse@ét bae dbhsenlvad aa§t¢p|@@l@fbyUHaé€ gBAERE 8bnditi ons

was fed baﬁgufgtotﬁQGeﬁtfgetioﬂl@agh@na@avgﬂa EﬁéeﬁaQétcoTB@rgé NBA
extracted renai ned he distillatjon flask with |ﬁobu§ ni % V\Jéetone
2%t FagtY

whi ch had Q%Fa%%%naﬁﬁth?I%@uﬁPFS RRRER YBTROWFLIIRE ¥ ended
and t he yehbow: col pusedchsobatylcnethyll uketionasf sehlilhéodhdt ihl aheon and

h h d d PLC, 4% of h BA d
wns Sri T FEERALT P ERGe AqbRGue DS e BRYERALT HaTT SBBULYE CRRERYF “REfone.

An i on chranalvgiaphiy ahalysganoﬁ pheser ghnwedphasemshohed aanaanbnpiim
content of _ <% ? pm WO 2010/ 094630PCT/ EP2010/ 051787 41 Exanple 12
Extraction o canphor-lo sul phonic acid froma 10%
(+) - canmphor - 10- sul phoni ¢ acid anmonium salt solution with isobutyl nethyl
ketone in a specific rotational perforator 5 using an entraining gas as
the stripping medium (inventive) '

15 Example 9

Extraction of valeric acid from a 10% valeric acid ammonium

salt solution in a rotational perforator (inventive)

9.3 g (90 mmol, M = 102.13 g/mol, with a content of 99%}) of
valeric acid were initially charged in 50 g of water and

20 admixed with 6.5 ml 32% aqueous ammonia solution (0.1 mol}.
After stirring for 30 minutes, the excess ammonia and most
of the water were drawn off from the clear colourless
solution at 40°C in a water-jet vacuum. The resulting oil
(16.7 g) was dissolved in 98.4 g of water. This 10% salt

25 solution was initially charged in the rotational perforator
(Figure 1) and heated to 80°C. The solvent flask-was
initially charged with 500 g of isobutyl methyl ketone
which were heated to boiling (intermal temperature 115-
117°C). 6 1 of nitrogen per hour were passed continuously

30 through the agueous salt solution. During the reaction
time, analysilis samples were taken from the solvent flask
and analysed for dissolved valeric acid by GC. After 21
hours, the extraction was ended and the pale-coloured
isocbutyl methyl ketone and the aqueous phase were weighed

35 and analysed by HPLC. 9% of the valeric acid used was still
found in the agueous phase, 90% in the isobutyl methyl



21.3 g (90 mmol, M= 232.30 g/nol, with a content of

(+) - carrphd’fo 1@%%&1’-’!% acid were initially charge?f:?&%’t})ob{’{)%%?%r and
adm xed with 6.5 m of 32% aqueous anmonia solution (0.1 nol). After
stirring for 30 minutes, 10 the excess48moni a and nost of the water were
drawn off fromthe clear colourless solution at 40C in a water-jet vacuum
The resulting white solid (39.8 g) was dissolved in 209.5 g of water. This

10% sal t sebihdon Masidmidhedhytshpagied amaleis obhttiomabrgentorabase
(Figure 1) and geat ed 15 to 80C.. The ‘;’,S\ﬁl Ve:[léof k was initially charged
with 500 FRAYES USRI CREETRE Ghi ch wer¥ heated to boiling

(internal tenperature 115 - 117C). 6 1 of nitrogen per hour were passed
continuously through the aqueous salt solution. After 66 hours, the
extraction was ended and the 20 pal e-col oured i sobutyl methyl ketone and
t he aqueo%gg@fg y@re concentrated to dryness. 74% of the (+)-canphor-10-
sul phoni c ac used was still found in the aqueous phase, 25%in the

i sobutyl nethyl ketone. An ion chro oqgr. ap anal ysi s, of the _organic
phase ShoweatZCRRNPLMIENEERR Bf Eg% ﬂﬁ% 6‘%/15 méx%%fze ‘ig UEtPPaction of
t ol Ueneph%@ﬂ@”i%}&@tﬁl fhiornal 108 bokuenephosphbai cuacedt asrbraanpsal t

sol ution V\A th i sobut 30 nethyl ketone in a specific rotational

per f or at or Jd%‘f?f@ ahs nt rai ning gas as the stripping nedium (inventive)

20.0 g (113.9 mol, M= 172.12 g/mol, with a content of 98% of
t ol uenepho&bhbngc (229 dmet e ¥Mnit L6V Y ohmpyedwihhse govEenat ef 3Rd3&dni xed

with 8.5 nie0f3200AGUESs s #2 @gygnagsgehvgaomn(@5@37nglbf Abter stirring

for 30 m niutes, the excess ammoni a and er We%e drawn of f
from tie cTebe E0O%osrlessoberiPTonast lﬂé@??’nl& %Fége etPvERGum The

reisul ting Péée{r@élﬁl?ésé\@ﬁ QESﬁﬁbveﬁuhﬁeiraari)egt5eﬁf:raate|f: (Fhigare029 sal td
solution was _initia t he rotat or a Ei 1) an
heated to ®0€ D %Ee‘go\\{‘a 6 % %Eg%ag P %FS}Ongih[ﬁ?é{l 1 }c é& 9,%5_»8 )

i sobutyl neihyiketnsetwhi cb sere heatbd tolbenki ngs(arnpernawhteerrper ature
115 - 1170, 6.1 of DLIL0GeN 0k 19 AOUE VAL pasEed; eANLLAUBUS kahbr ough

t he aqueou ours, the extraction was ended
t he pdl%- cebbutidni sbbuipy nheh?lxtl(éﬂ@n@ﬂanéot ﬁeoéqﬂéﬁﬁ§gﬁﬁa§’€rwépé‘r

Conce”tratﬁgr&°a9i¥wéasto5ﬁﬁ%ﬁﬁetB%nEQhH%GEQQO%Bhaﬂgﬁ @ﬁbdlaagddwas sti |
found in t eaueousgase 3% in the 15 i sob ut%ﬁarreth ketone An ion
S

chr omat ogr 6phymanaBYEns] bEUL Ae CoEGHAPE LPREs ¥CERORER Laf CafMBMiuM Ednt ent  of

< 100 ppm the total extraction time. The aqueous salt solution was

pumped in circulation at 5 ml/min and the isobutyl methyl

70 ketone at & ml/min. The effluxing MHA-containing isobutyl
methyl ketone phase was passed into the distillation vessel
via the heated phase separator (80°C). The isobutyl methyl
ketone which was distilled off under gentle conditions was
fed back into the circuit via the solvent reservoir. The

25 MHA extracted remained in the distillation flask with
isobutyl methyl ketone which had not been distilled off.
After 90 hours, the extraction was ended and the yellow-
coloured isobutyl methyl ketone from the distillation and
the agueous phase were weighed and analysed by HPLC. 4% of

30 the MHA used was still found in the agueous phase, 95% in
the isobutyl methyl ketone. An ion chromatography analysis
of the organic phase showed an ammonium content of

< 100 ppm.



WO 2010/ 094630PCT/ EP2010/ 051787 43 Description of the figures Figure 1

shows the ygs o fosse3ap of the perforator used fapCT ER201E/@XITETtI ON.
Figure 2 shows the schematic setup of the extraction 5 apparatus used
(countercurrent extractor). Figure 3 s@gws the schematic setup of a
cascade reactive extraction. Figure 4 shows the schematic setup of an

I ndustrial reactive extraction with high-boiling extractants. 10 Figure 5
shows t he E?cher’@tl setup of an industrial reactive extraction with

| ow boi | i ngx%"ﬂrac ants. Figure 6 shows the influence of the stripping
medi umon the yield of the free organic acid ure 7 shows the

i nf | uence Bftadvwet ienpel atﬁkec@r@h%-h@-%@]@o%-‘rct@a"élffirgéo%r@a%@e aci d.

Figure 8 shows.dfe, df‘fi@Leéwﬁ%l%n{@eaéi@rérhmn%ﬂC@@itaébp@tpcfmtxkﬁietlammm um

salt of the organic acid on the yjeld of t free or
quest i on. isobutyd giglepl slﬁ%ﬁ%n%hjenl?ﬂﬁ%%@l%fr%??g %?JEE%](’:?BWES on

20 theryi ehgh@f dheedteiIB8NG£Ls a8é dehé&i gur Epdng hﬁ@ﬂlmhe(mwtue]s*elmé)
formation of the free acid using the exanple of lactic acid. Figure 11

oo g o TS % 2 pl P rsmat Gighng negremLenRly
free acid ali ng){d:mnze’txcazrml@w@tﬁlpladnelq: caatfidwere initially charged in
50 g of water and admixed with 6.5 ml of 32% aqueous
ammonia solution (0.1 mol). After stirring for 30 minutes,
10 the excess ammonia and most of the water were drawn off
from the clear colourless solution at 40°C in a water-jet
vacuum. The resulting white solid (39.8 g) was dissolved in
209.5 g of water. This 10% salt solution was initially
charged in the rotational perforator (Figure 1} and heated
15 to 80°C. The solvent flask was initially charged with 500 g
of isobutyl methyl ketone which were heated to boiling
(internal temperature 115 - 117°C). 6 1 of nitrogen per
hour were passed continuocusly through the agueous salt
solution. After 66 hours, the extraction was ended and the
20 pale—coloufed isobutyl methyl ketone and the agqueous phase
were concentrated to dryness. 74% of the (+)-camphor-10-
sulphonic acid used was still found in the aqueous phasé,
25% in the isobutyl methyl ketone. An ion chromatography
analysis of the organic phase showed an ammonium content of
25 < 100 ppm.

Example 13

Extraction of toluenephosphonic acid from a 10%
toluenephosphonic acid ammonium salt solution with isobutyl
30 methyl ketone in a specific rotational perforator using an

entraining gas as the stripping medium (inventive)

20.0 g (113.9 mmol, M = 172.12 g/mol, with a content of
98%) of toluenephosphonic acid were initially charged in
50 g of water and admixed with 8.5 ml of 32% aqueous



Fi gure 13 shows the course of folLmation of the free acid using the exanpl e
of 2-hydr osy-201et084630 obutyric acid in the count PECT/ERZOLOLQZITET 44
Figure 14 shows the course of formation of the free acid using the exanple
of 2-hydroxy-4-nethylthiobutyric acid ia42 the countercurrent reactor with
di fferent amounts of stripping nmediumintroduced. WO

2010/ 094630PCT/ EP2010/ 051787 45 Clainms 1. A process for converting

amoni um salt O3 &n agh d83 tAct re REELT Cétﬂ;ﬁfriﬁ@ef@f g0 ﬁl@@téls
5char act erl e | n t hat an agueous SO ution of he ammoni gm salt

cont act ed Wre FE%FRDY QI bkt FAdt BTt ant the ‘g%\c?rl‘geﬂ?s B%W%t%
t enper at ur esoNEh O EBSAF €S0 BbuDESH sdaeuaﬂmoaxs $©)N]ti.nnaamaltehejet

extractant are in the |i dstate l.um o ngr ai ni ng
gas is i ntYodiided Tl'heolf thge%%e%zefgi) e&g%%(ggﬁghsg# %‘?gng

transfer asf Imséra Tioi 4 | DO% ofal hesbleviongems cincttal by nedargedhénior gani c
extractant.,2. . Jhe, PLOSPSS-Re6pLdbn0 (h0oELal 1) lankheLetag! be gGconver sion

i s effected at pressures ar to 200 preferably of 0.01 bar to
20 bar, nuUPke pseleembl jlatkowas baritsablparhasyedhul bhoeBlsTaeéording to

Claim1l or; 2. whef e Dl Sekbndi 5806hakben heapeal @sNBE; 2 nyenper at ur es
of 5Cto (internal temperature 115 - 117°C). 6 1 of nitrogen per
10 hour were passed continuously through the aqueous salt
solution. After 23 hours, the extraction was ended and the
pale-coloured isobutyl methyl ketone and the agueous phase
were concentrated to dryness. 56% of the toluenephosphonic
écid used was still found in the agqueous phase, 43% in the
15 isobutyl methyl ketone. An ion chromatography analysis of

the organic phase showed an ammonium content of < 100 ppm.



20300C, preferably of 20C to 300C, nore preferably of 40C to 20

especi al | yYW"®r39:¢ 4463 50C to 130C. 4. The proces%c'%/c%%?%:l'?réo%%%%y of
Clainms 1 to 3, wherein the starting concentration of the anmonium salt of .
the organic acid in the aqueous solutid3 used is preferably 25in the range
from90% by weight to 1% by wei ght, nore preferably from 75% by wei ght to
5% by wei ght and nost preferably from 60% by wei ght to 10% by wei ght. 5.
The proceSSeseepEicry 4O thy Pigetasns 1 to 4, wherein the extractant used

is a sparingly water-m scible or 30entirely water-inmscible solvent. 6.
The procesg, accordi to any of ' 5 Lo the welghtgatio of
aqueous sol t{THH H%gg? aﬁ?% éﬁ%%%%@gﬁt&?ég?r%%¥QE§§%g¥o 19071, “preferably

from 1: 10 far Ifedctiostepreferatthy from 1:5 to 5: 1.
2010/ 094630PCT/ EP2010/ 051787 46 7. The process according to any of Cains

1to 6,

GirFe t é‘gsﬂ&gén&l%e a&%ﬂeﬂn&t?ﬁ' gsteg &rorméhexgraveieh

nonocar boxyT1 ¢ acl ,
sul phoRi c aRPIr2PROSEHPRMI (CASTHCT SHFERBRYEARFPRXYPF L acid, especial |y

al pha-

, dicarboxylic acid, tricarboxylic acid, ascorbic acid,

hydr oxycar boxlic acid or beta-hydroxycarboxylic acid. 8. The

process aceps@iagstsoneny ohe Gehamatitos@ruphef eancastade thecsabe

di ssoci ati on has ended,

the organic acid forned is obtained fromthe

organi ¢ ex¥¥actaht®®10 9. The process according to any of Clains 1 to 8,
wherein the organic acid corresponds to a carboxylic acid of _the general

formul a |
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reactive

Figure 5

reactive

Figure 6
yvield of

Figure 7
yvield of

Figure 8

shows the schematic setup of an industrial

extraction with high-boiling extractants.

shows the schematic setup of an industrial

extraction with low-boiling extractants.

shows the influence of the stripping medium on the

the free organic acid.

shows the influence of the temperature on the

the free organic acid.

shows the influence of the starting concentration

of the ammonium galt of the organic acid. on the yield of

the free

Figure 9
the yield

Figure 10
using the

Figure 11

using the

Figure 12

using the

Figure 13
using the

the count

organic acid in gquestion.

shows the influence of different extractants on

of the free organic acid.

shows the course of formation of the free acid

example of lactic acid.

shows the course of formation of the free acid

example of 2-hydroxyisobutyric acid.

shows the course of formation of the free acid

example of valeric acid.

shows the course of formation of the free acid
example of 2-hydroxy-4-methylthiobutyric acid in

ercurrent reactor.



15where x|l is an organic radical selected fromthe gro co [ S)

unsubst i t (R EHY HBARRO or pol ysubstituted, br anche%yur%%qw%%ai n

al kyl radicals, cycloal kyl radicals, al kenyl radicals having one or nore
doubl e bonds, al kynyl radicals having &4 or nore triple 20bonds, aryl
radi cal s, alkylaryl radicals, arylalkyl radicals, arylalkenyl radicals,
al kyl oxyal kyl radicals, hydroxyal kyl radicals and al kylthioal kyl radicals,
t he organigiqpetel 1 eftenabl yhdbeingrsel @bt Borfanion hef grivapliote azetdc aci d,
propionic acjd, hutyric acid,_ valeric 25agci i o B thic
acid, capr$iie a‘%?%l,e’ﬁéﬁl Yotk cf_a%y%]fox p%irge%%ag%ﬁ%ﬁ?%%%?%?ﬂgaﬁﬁ tic
aci d, steartie @simhenmegee: fatdyteaciwstlsudhf ser¢nhoiesietaced, omega- 6
fatty acids_such, as ]]j i i arachi doni c acid, onega-9 fatty

aci ds such &s7300 ir!éécg&% Jg% %%%@%%i c acid, salicylic acid, benzoic
acid, ferulic acid, cinnamc acid, vanillic acid, gallic acid,

hydr ox$ci nnani ¢ aci ds, hydroxybenzoi c acids, 3-hydroxypropionic acid. WO
2010/ 094630PCT/ EP2010/ 051787 47 the organic acid corresponds to a

di carboxylic acid of the general foLnula Il HOOC- X2- COOH 5where X2 is an
organi c radical selected fromthe group conprising unsubstituted and nono-
or pol ysubstituted, branched and straight-chain al kanediyl radicals,

cycl oal kanedi yl radicals, al kenediyl radicals having one or nore double
bonds, al kynediyl radicals having 10one or nore triple bonds, aryldiyl
radi cal s,



al kyl aryl diyl radicals, arylalkanedlyl radi cal s, | al kenedi yl radical s,
al kyl oxyal RarRe§/094&3%al s, hydroxyal kanedi yl radl GF 4ERRQ107051787

al kyl t hi oal kanedi Y1 radi cals, where the organic acid is preferably

sel ected 15fromthe group of succinic #& d, oxalic acid, malonic acid,
glutaric acid, adipic acid, pinelic acid, suberic acid, azelaic acid,
sebacic acid, fumaric acid, itaconic acid, nethylmlonic acid, phthalic
acid, terepidtwméi c acid, isophthalic acid. 20 11. The process according to
any of Clains 1 to 8, wherein the organic acid is a tricarboxylic acid of
the general foiniula Il HOOCCOOH COOH 25where X3 is an organi c radical
sel ected fromthe group conprising unsubstituted and nono- or

pol ysubstituted, branched and straight-chain al kanetriyl radicals,
cycloalkanbtr|@¢p1@@¢$@]%ora¢@@ﬁ@rt1¥g Rz vy [0 R0 ﬁ@%tﬁgoﬁn@rgﬁﬂhﬁre doubl e

bonds, al kynetﬁwa spgfmeméQoafe@r oPBigitrhle bonds, aryltriyl
radlcals al k ary tr|y radi cal s, | al kanetri vyl radi cal s

aryIaIﬁbnetrly¢h¢%§ﬁ%ﬁﬂ%zeﬁlk9IB&?EI%%n%ﬁP?QQSr%B1EE}§n oygthe

hydr oxyal kanet &indniafi §al 6 agdcahkyttbaoai kanehrbybanadi eatsacwhete the

organic acid is referabL sel cted frg thF roug E %lgrgc aci d,
cycl opent ane- 1294 3Ehe (§3 bb%y FES9Ea- eyt g TPEhat1rss 42488 car boxyl i ¢
5acid, 2- nethy¢ﬁg§¢m¢emtamewﬂléhSEheiaqubouylsolatldn and the

3- ot hyl cycl opgpt apee, 2. 4L L gat Ry} hts Ackda 2. oTheaPEOPESS RGO di ng

to any of d ai s Wher &i n an c acid correspondst
sul phddi ¢ aC|dmedlmmeogeﬁ@taalﬂbnﬁugasIVSFBﬂtFOQFFed in order to

remove NH; from the aqueous solution and transfer at
least a portion of the free organic acid formed to the

organic extractant.

2. The brocess according to Claim 1, wherein the
15 conversion i1s effected at pressures of 0.01 bar to
200 bar, preferably of 0.01 bar to 20 bar, more
preferably of 0.1 bar to 5 bar.

3. The process according .to Claim 1 or 2, wherein the salt
dissociation is performed at temperatures of 5°C to
20 300°C, preferably of 20°C to 300°C, more preferably of
40°C to 200°C, especially preferably of 50°C to 130°C.

4. The process according to any of Claims 1 to 3, wherein
the starting concentration of the ammonium salt of the
_ organic acid in the agueous solution used is preferably
25 in the range from 90% by weight to 1% by weight, more
preferably from 75% by weight to 5% by weight and most
preferably from 60% by weight to 10% by weight.

5. The process according to any of Claims 1 to 4, wherein
the extractant used is a sparingly water-miscible or

30 entirely water-immiscible solvent.

6. The process according to any of Claims 1 to 5, wherein
the weight ratio of agueous solution and organic
extractant is from 1:100 to 100:1, preferably from 1:10
to 10:1, most preferably from 1:5 to 5:1.



100 I'V where R6 is an organic radical selected fromthe group conprising
unsubst i t W gags oeso or pol ysubstituted, brancheecesEPZ0Ie/@BLZ&hai n

al kyl radicals, cycloal kyl 15radicals, alkenyl radicals having one or nore
doubl e bonds, al kynyl radicals having qge or nore triple bonds, aryl

radi cal s, al kylaryl radicals, arylalkyl radicals, arylalkenyl radicals,

al kyl oxyal kyl radicals, hydroxyal kyl radicals and al kylthioal kyl radicals,

20where t organic acid is prefera l e 0 :

g-gol ulelr)les 1 pﬁhj E;E;cjeds,s caacn%d%él-ri%ﬁl%&ﬁ%eg%%g@b%gg%ﬁ%%m%%ﬁ% aci d,
odecyl benzen ircl @cial, d nep e dlde nFee a8t e enol sul phoni
aci ds. 25 13. The ISSo At e Nre oS S

organic acid i's a phosphonic acid of the general _folLuula VO 711, P OH CH

49 where R9 | salorapereoradietl: eI raft € heP Y SO 5 ng
UPiUFSEIéyte?lgmﬁﬂ%ﬁgﬁi§?xgphzﬁwﬁﬁjté%ﬁ@biﬁ&ﬁﬁcﬁgﬂh@ﬂd straight-chain

al kyl radicals, cycloa radical s, kenyl radicals, having one.or nore
doubl e bonds, QN@S@%NC?%gﬁ%%&% %%V%ﬁ@rg?%t%Fh ¥%K¥$?%?%X%%%%S?C%?y|

radi cal's, alkylaryl radicals, arylalkyl radicals, arylalkenyl radicals,

al kyl oxyal kyl Trelimabsesdyacoonyalkyl toagigabs @halimé k| thi dal Wyerewwi cal s,

Lowhere the organie acld.dpe PELELAPLY: 56! £SLC0nELAM LRE organic acid

formed is obtained from the organic extractant.

10 9. The process according to any of Claims 1 to 8, wherein
the organic acid corresponds to a carboxylic acid ot

the general formula I

X'—COOH
I
15 where X! is an organic radical selected from the group

comprising unsubstituted and mono- oOr polysubstituted,
branched and straight-chain alkyl radicals, cycloalkyl
radicals, alkenyl radicals having one or more double
bonds, alkynyl radicals having one or more triple

20 bonds, aryl radicals, alkylaryl radicals, arylalkyl
radicals, arylalkenyl radicals, alkyloxyalkyl radicals,
hydroxyalkyl radicals and alkylthioalkyl radicals, the
organic acid preferably being selected from the group
of acetic acid, propionic acid, butyric acid, valeric

25 acid, caproic acid, oenanthic acid, caprylic acid,
pelargonic acid, capric acid, lauric acid, palmitic
acid, stearic acid, omega-3 fatty'acids such as
1inolenic acid, omega-6 fatty acids such as linoleic
acid and arachidonic acid, omega-9 fatty acids such as

30 oleic acid and nervonic acid, salicylic acid, benzoic
acid, ferulic acid, cinnamic acid, vanillic acid,
gallic acid, hydroxycinnamic acids, hydroxybenzoic

acids, 3-hydroxypropionic acid.

10. The process according to any of Claims 1 to 8, wherein



group 1-am nopropyl phosphoni ¢ aci d, am nonet hyl phosphoni ¢ aci d,

xy| enephosmh@eii® /04680 phenyl phosphoni ¢ aci d, 1- amGRAFERAMA WA ¢
aci d, toluenephosphonic acid. 15 14. The process according to any of
Cains 1 to 8, wherein the organic aci d7is an al pha-hydroxycarboxylic acid
of the general foLnula la R8 d NH Ia where R8 and RO are each

i ndependent |y selected from20the group conprising H OH OR4, NH2, NHR4,

NRARS, O, Br o%%agﬂ]%l%%fa Wt AN G0 & qIlatidistlitditad,a irfanched
n a

and stralght gﬁal radi cal s,__cycl oal kyl radicals, alkenyl radicals
havi ng one orqhﬂWQQQﬁHﬂ f9ms.a Fi%ynyl radical s having one or nore

triple 25bonds, aryl radicals, alkylaryl radicals, arylalkyl radicals,

aryl al kenyl r adi cal s, al kyl oxyaywyc+adktatcOQardr oxyal kyl radi cal s and

al kyl t hi oal kyl radicals, where R4 and R5 are each independently sel ected
fromthe group conprising H, unsubstityted and nono- or 30pol ysubsti tuted,
straight-chain and branched (Cl-C O alkyl radicals, (C3-Cl8)-cycloalkyl
radicals, (C2-C26)- 50 al kenyl radicals having one or nor e double bonds
(CB- C16) - ar y| wrasic &l’s isegpeciraiting phésyicaladgicdgcsed from the grou

(CL-C18)-al kyl o Gl iz sk el d(ﬁsd@a&)oarcyﬁ-pmzsm@axmtkw

adlcal o e ey v cal oy L Gl o G To, (CL- Cl8) -
al kyl radi cal s vt 8l Dy Darhdi eal d, |311pemé@x3ab|:ya@:e¢@};$ daa¥iom t he
?;g??cogc?dhyg$§%§$$8£¥égréou€feqbonds yéﬁﬁ@ﬂéé&@?tPQ&EQA?QUﬁaéiﬁgaCId
10 one or more triple bonds, aryldiyl radicals,
alkylaryldiyl radicals, arylalkanediyl radicals,
arylalkeéenediyl radicals, alkyloxyalkanediyl radicals,
hydroxyalkanediyl radicals and alkylthiocalkanediyl
radicals, where the organic acid is preferably selected
15 from the group of succinic acid, oxalic acid, malonic
acid, glutaric acid, adipic acid, pimelic acid, suberic
acid, azélaic acid, sebacic acid, fumaric acid,
itaconic acid, methylmalonic acid, phthalic acid,

terephthalic acid, isophthalic acid.

20 11. The process according to any of Claimg 1 to 8, wherein
the organic acid is a tricarboxylic acid of the general
formula IIT

HOOC._ _-COOH

\\X3

COOH

IIx

25 where ¥® is an organic radical selected from the group
comprising unsubstituted and mono- oOr polysubstituted,
branched and straight-chain alkanetriyl radicals,
cycloalkanetriyl radicals, alkenetriyl radicals having
one or more double bonds, alkynetriyl radicals having

30 one or more triple bonds, aryltriyl radicals,
alkylaryltriyl radicals, arylalkéﬂetriyl radicals,
arylalkenetriyl radicals, alkyloxyalkanetriyl radicals,



10acid, malic acid, tartaric acid, gluconic acid, glyceric acid. 15. The
process acw@rmen@yms4emq of dains 1 to 8, wherein PRE/BP4BARP £08LTR7is a
bet a- hydr oxycar boxylic acid of the general foLmula Ib F:12 A:10 1lldp
HOCCCII\OH R13 R11 | b 15 where R1, 4811, R12 and R13 are each .

i ndependent |y selected fromthe group conprising H OH R4, NH2, NHR4,
NR4R5, d, Br, I, F, unsubstituted and nono- or pol ysubstituted, branched

and strai ght - cfgh é@%aﬁgm faiédleaﬁéO@hayélk@ﬂtﬁﬁbélkahgeﬁyylrad|cals
havi ng one or nDre ubl e bonds radj cal s havg?g one or

triple bonds, %@@1C¢%ﬂqd@?%reaPQ?l%F§?g%%d?Eh s1S PP ¥aﬁ?%3?é?d

ggy:ﬁlrfﬂyl {Eﬁt@@1§hea%ﬁdﬁpxdﬁ|&ytriadacﬂﬂs cﬁ@ﬁ@p@gﬁhkg#lradBeals and
al ky i oa ica a R5 are h i sel ected
fromthe gr oup PPy A, aﬁh@ub@t’??%%ﬁtanﬁ ?rba%b g]? Bg{?gg%{%#tut ed,
st;elgFt c?g5naanﬂ uzameh@ﬁléﬁﬂlﬁﬁenaakg+lradBeers¢a(bEX218¢ aeyél oal kyl
~radi cal s, ayi pg e bl e bonds,
(G- C10) - aryi Qfﬁe%ﬁ%%@%fﬁ% S DL e Eap ey TR Cabe
(C1-C18)-al kyl - (C8-C10)-ary :

12. The process accordlng to any of Claims 1 to 8§, wherein

the organic acid corresponds to a sulphonic acid of the

general formula IV

10 o)

- IV

where R® is an organic radical selected from the group
comprising unsubstituted and mono- or polysubstituted,
branched and straight-chain alkyl radicals, cycloalkyl

15 radicals, alkenyl radicals having one or more double
bonds, alkynyl radicals having one or more triple
bonds, aryl radicals, alkylaryl radicals, arylalkyl
radicals, arylalkenyl radicals, alkyloxyalkyl radicals,
hydroxyalkyl radicals and alkylthioalkyl radicals,

20 where the organic acid is preferably selected from the
group of p-toluenesulphonic acid, camphor-10-sulphonic
acid, benzenesulphonic acid, dodecylbenzenesulphonic
acid, naphthalenesulphonic acids, phenoclsulphonic

acids.

25 13. The process according to any of Claims 1 to 8, wherein
the organic acid is a phosphonic acid of the general

formula V

R’—P~—0H

OH



WO 2010/ 094630PCT/ EP2010/ 051787 51 radicals, (C5-Clo)-aryl-(C -Cl18)-al ky
radi cal s, wepEeiet0944:mzyl radicals, (Cl- C18) aIky?Q&&E?Zﬂlﬂﬂﬂ§l7%Tkyl
radi cal s, (Cl-Cl18)-hydroxyal kyl radi cal s and (C1-

C18)-al kyl thio-(C -C18)-al kyl radical saahere the 5organic acid is
preferably selected fromthe group of 3-hydroxypropionic acid,

3- hydroxybutyric acid, 3-hydroxyvaleric acid, 3-hydroxyhexanoic acid,

3- hydr oxyoct anoi ¢ aci d, 3-hydroxyi sobutyric acid. 16. The process
according to any of Clainms 1 to 15, 10characterized in that the stripping

medi um or entrainin as used is stean1 alr gases refera nat ur al
gas, methane, ?ﬁgllﬁelaﬁ'l FFI2Pre FEHES %&@Dfﬁ'@ CF?HQ/ agott or
m xt ures therQ@émpxlzzslﬁ@a;rmm@sﬁt@s@@rﬂmgmmoawrq_soﬁgaummtzumdﬁ 15
characterized .in at _the_ anpbunt of stri as in
relation to tHe U LRI Th R ET BT f%%fe e?meeh éyg;ggfﬁ%g 10
000 1/ kg, partra@&a&ly,tmﬂkmmﬂm.LﬁadikglanUaﬁﬂﬁg1¢m§ ovemqr@aﬁoubhearly
between 20 1/ T c cLHLNng,-t 91 any of

209 a@@gﬂ Y drgc%%% 1s ﬂﬁgi_)ﬁ 638 SECREALNG LR

Claims 1 to 1 extractant used is a. sparingly
mater-nlsC|bIémedQntarxﬂyr&@&@@l$nnﬁ%beﬁéY%o¥@@h@a1%ar@FE%P%?Y&

strai ght - chai %i{gau%f@ch&&féne@&ﬂcrgsi%% hangoféyapkg:ﬁ eafbea1as ons,
25het erocyclic ketones having 5 to 18 car haln or

;
br anched aI|pH%I@%P%N%%%%ﬂsr%%%?%bs4aP6 %%k¥$$%bﬂa%¥%isra éF@ Beycelic
al cohaglgs havi rkﬁh@ré orHS SoGeic asei8, 18t pakghtabhai sebecbednthed shiephatic
al kanes haV|ng to f8 car bon atfng c%cloalkgn&s
aminopropyliphdosphonic adid,
amlnomethylphosphonic acid, xylenephosphonic acids,
phenylphosphonic acid, l-aminopropylphosphonic acid,

toluenephosphonic acid.

15 14. The process according to amy of Claims 1 to 8, wherein
the organic acid is an alpha-hydroxycarboxylic acid of

the general formula Ta

R8
O
Y%
HO C//
RS OH
Ia

where R® and R’ are each independently selected from

20 the group comprising H, OH, OR?, NH,, NHR?!, NR°R’>, CI,
Br, I, F, unsubstituted and mono- or polysubstituted,
branched and straight-chain alkyl radicals, cycloalkyl
radicals, alkenyl radicals having one or more double
bonds, alkynyl radicals having one or more triple

25 bonds, aryl radicals, alkylaryl radicals, arylalkyl
radicals, arylalkenyl radicals, alkyloxyalkyl radicais,
hydroxyalkyl radicals and alkylthioalkyl radicals,
where R* and R® are each independently selected from
the group comprising H, unsubstituted and mono- or

30 polysubstituted, straight-chain and branched (Ci-Cig)-
alkyl radicals, (C3-Cig)-cycloalkyl radicals, {Cz-Cz)-



30having 5 to 14 carbon atons, straight-chain or branched ethers having 4
to 18 car lwin 20100W0946830mat i ¢S substituted by hal ogRCBARRRO B}/ ¢RAF &Ky |
groups, straight-chain or branched al kanes which are substituted by
hal ogen atons and have 1 to 18 carbon 3%atons, cycl oal kanes which are
substituted by hal ogen atons and have 5 to 14 carbon atons, preferably 52
i sobut yl nethyl ket one, isopropyl nmet hyl ketone, ethyl nethyl ketone,
butyl met hyl él‘g%l ety - Pronyd K&l oge SRtRYte REMIYIe Nﬁrﬂﬂ@ et hyl

I pr

butyl ketone, etone exyl™ met hy| ketone eth 5ketone,
heptyl nethyl %ér@h@ I ButEAd ket bhe, SR ERHRERA I d%ﬁ%@

cycl ohexanone, ( <§¥@J?PQQM@ﬁDnR%—tapﬂméiﬁﬂ réﬂi&&ﬁmp' C&<n@h{awmﬂ

1- hexanol , 2-hexano 3- hexano ;lheptanol fﬁhe@ ci %?I@gﬁgnol
1-octanol . 2- oftiafet) ~AH L AEHFEL A oLt RFor2 T Y nioTARsT S heHanol
3-nonanol , 5- nqnamggx dridecangt (C2-0ecanbkyl lrandecbdol | Cﬁithecano
1-dodecano| gdecaqﬂ%flcya%qggféagﬁané@yq} peéf%%#thf@rgﬁgqgg)petroIeum

benzi ne, pent nohane, decane, undecane
15dodecane, cy&lkgﬁﬂmaﬁmgabwclwh@menéhQCQEQQ%b%t@ﬁ%d rethyeiesaklyut yi

et her, petrole , glgs LEe §@b@£yrﬂ¢pé@p&] 2t her,
di et hyl ether, etﬁgﬁgéertlg % %%ﬁgé © H?é @§%her n%ene uene,
od

o- xyl ene, n}xﬁméﬁéox$ %ym%ﬁ@v %%&%P%E%ﬁ%@n%Cl RAFHT ot fan® yeS1EE

chl orgfjorm teispghlpioretdane, ofaptatycescifiprgvhicodde dbedprocess
according to an of Cains.1 to 18, characterized in that the free acid is
obt ai ned from$HECe5IF RF5At laden with the extracted acid by a 25
separation process selected fromdistillation, rectification,

crystalI|2351onmer@r@mésmcacuurdnngohat@gyapﬁyCla@@@tht@nSOrWh@ﬁﬁiﬁne
processes. the organic acid is a beta-hydroxycarboxylic acid of

the general formula Ib

.15

where ®R?, R, R'? and R are each independently
selected from the group comprising H, OH, OR®, NH,,
NHR?, NR‘R®, Cl, Br, I, F, unsubstituted and mono- or
polysubstituted, branched and straight-chain alkyl

290 radicals, cycloalkyl radicals, alkenyl radicals having
one or more double bonds, alkynyl radicals having one
or more triple bonds, aryl radicals, alkylaryl
radicals, arylalkyl radicals, arylalkenyl radicals,
alkyloxyalkyl radicals, hydroxyalkyl radicals and

25 alkylthioalkyl radicals, where R' and R° are each
independently selected from the group comprising H,
unsubstituted and mono- or polysubstituted, straight-
chain and branched (C;-Cig)-alkyl radicals, (C3-Cig)~
cycloalkyl radicals, (Cz-Cgs)-alkenyl radicals having

30 one or more double bonds, (C¢-Cip)-aryl radicals,

especially phenyl radicals, (C1~C1g) —alkyl-(Cs-Cyip) —aryl
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16.

17.

18.

51

radicals, {(Cg-Cip)~aryl-{Ci-Cig)-alkyl radicals,
especially benzyl radicals, (C1~C1g) ~alkyloxy- (C1-Cisg) -
alkyl radicals, (Ci1-Cig)-hydroxyalkyl radicals and (Ci-
Cig) ~alkylthio- (C;-Cig}-alkyl radicals, where the
organic acid is preferably selected from the group of
3-hydroxypropionic acid, 3-hydroxybutyric acid,
3-hydroxyvaleric acid, 3-hydroxyhexanoic acid,
3-hydroxyoctanoic acid, 3-hydroxyisobutyric acid.

The process according to ény of Claims 1 to 15,
characterized in that the stripping medium or
entraining gas used is steam, air, gases, preferably
natural gas, methane, oxygen, inert gas, preferably

nitrogen, helium, argon, or mixtures thereocf.

The process according to any of Claims 1 to 16,
characterized in that the amount of stripping medium or
entraining gas in relation td the agueous ammonium salt
solution is between 1 1/kg and 10 000 1/kg,
particularly between 10 1/kg and 500 l/kg, very
particularly between 20 1/kg and 100 1/kg.

The process according to any of Claims 1 to 17,
characterized in that the extractant used 1is a
sparingly water-miscible or entirely water-immiscible
solvent, particulariy straight-chain or branched
aliphatic ketones having 5 to 18 carbon atoms,
heterocyclic ketones having 5 to 18 carbon.atoms,
straight-chain or branched aliphatic alcohols having 4
to 18 carbon atomg, heterocyclic alcohols having 5 to
18 carbon atoms, straight-chain or branched aliphatic
alkanes having 5 to 18 carbon atoms, cycloalkanes
having 5 to 14 carbon atoms, straight-chain or branched
ethers having 4 to 18 carbon atoms, aromatics
substituted by halogen atoms or hydroxyl groups,
straight-chain or branched alkanes which are
substituted by halogen atoms and have 1 to 18 carbon
atoms, cycloalkanes which are substituted by halogen

atoms and have 5 to 14 carbon atoms, preferably
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19.

52

isobutyl methyl ketone, isopropyl methyl ketone, ethyl
methyl ketone, butyl methyl ketone, ethyl propyl
ketone, methyl pentyl ketone, ethyl butyl ketone,
dipropyl ketone, hexyl methyl ketone, ethyl pentyl
ketone, heptyl methyl ketone, dibutyl ketone,
2-undecanone, 2-dodecanone, cyclohexancne,
cyclopentanone, l-butanol, 2-butanol, l-pentanol,
l-hexanol, 2-hexanol, 3-hexanol, l-heptanol,
2-heptanol, 3-heptanol, l-octanol, 2-octanol,
3-octanol, 4-octanol, l-nonanol, 2-nonanol, 3-nonanol,
5-nonanol, l-decanol, 2-decanol, l-undecanol,
2-undecanol, l-dodecanol, 2-dodecanol, cyclopentanol,
cyclohexanol, kerosene, petroleum benzine, pentane,
hexane, heptane, octane, nonane, decane, undeéane,
dodecane, cyclopentane, cyclohexane, cycloheptane,
methyl tert-butyl ether, petroleum ether, dibutyl
ether, diisopropyl ether, dipropyl ether, diethyl
ether, ethyl tert-butyl ether, dipentyl ether, benzene,
toluene, o-xylene, m-xylene, p-xylene, chlorobenzene,
dichloromethane, chloroform, tetrachloromethane or

mixtures thereof.

The process according to any of Claims 1 to 18,
characterized in that the free acid is obtained from
the extractant laden with the extracted acid by a
separation process selected from distillation, 7
rectification, crystallization, re-extraction,

chromatography, adsorption or membrane processes.



