Method for producing a carboxylic acid amide from a carbonyl compound and hydrocyanic acid 5 The
present invention relates to a process for preparing a carboxamide from a carbonyl compound and
hydrogen cyanide. The present invention further relates to a process for preparing alkyl (meth)acrylates

and polymers, and for producing moulding materials and polymer mouldings. 10Th%pre aration of
carboxamidesWﬂﬁQ@@%ﬁ?@% of carbonitriles in thé presence of a catﬁQ%/ ESZPY ﬂ@fﬁa‘hganese

dioxide has been prior art for some time. Carboxamides are required as an intermediate in many cases in
industry. For example, a-hydroxyisobutyramide can serve to prepare methacrylic acid or methacrylic

esters, especially methyl methacrylate. 15 A particularly preferred process for preparing carboxamides is
detailed in WO R84 1G2@ratucing thoadioitydiccaaildiagidefecn cucaehodylaiteddiove already leads

to a 20 relatively inexpensive preparation, [ need to further improve the process.
Typically, the cyanohydrin obtained by rea%:%%rr?' X?I ﬁ?/%%%?rr}?:é}gnide and carbonyl compound, especially

acetone, is stabilized by addition of acid. This stabilization has to be removed before the conversion of the

cyanohydrin torfe saibaaRVERiAiebiB YR calbrolene by Cistlating. INQBO0BNEAGZALstates 25 that

the mixture obtained after the reaction of acetone with hydrogen cyanide can be used for hydrolysis.

However, it is ARPQARYEAQNIRANET 27 HERe Heidse LRR RETENT JMEALANHHERRI RS comprises a

two-stage distiltatioprothas s feoprrten gedkyhinisciieing yaree wilipayinst stage. for peetentystage, the
acid used for stabiLi&lzr;}tiorH its F}Qiicaallg removed fromithe cyanohydrin. If no purification 30is performed, for

example by distinatio , rela |ve§/ sﬂoﬁoég%?§sq1ggrv%%slives are obtained. In the case of use of a distilled

reaction mixture, the service life of the catalyst can be improved considerably, although the overall
e_ff|C|ency19f th?rl%roﬁﬁeﬁalét%%m&ﬂ%ﬁs%ﬁaﬁﬂéé own%tg REIGERY B?nééﬂ‘m'iﬂﬂe@ thedistillation. 5In
view of the prior art, it is thus an object of the present invention to ﬁrowde _

presence of a catalyst comprising manganese dioxide has been prior art for some

time. Carboxamides are required as an intermediate in many cases in industry.

For example, a-hydroxyisobutyramide can serve to prepare methacrylic acid or

methacrylic esters, especially methyl methacrylate.

15

A particularly preferred process for preparing carboxamides is detailed in
WO 2008/061822 A1.

Even though the teaching of the document detailed above already leads to a
20 relatively inexpensive preparation, there is a permanent need to further improve
the process. Typically, the cyanohydrin obtained by reaction of hydrogen cyanide
and carbonyl compound, especially acetone, is stabilized by addition of acid. This
stabilization has to be removed before the conversion of the cyanohydrin to the
carboxamide, which is typically done by distillation. WO 2008/061822 A1 states
25  that the mixture obtained after the reaction of acetone with hydrogen cyanide can
be used for hydrolysis. However, it is not stated whether a purification has to be
effected. In general, this purification comprises a two-stage distillation, the
unconverted reactants being removed in a first stage. In a second stage, the acid
used for stabilization is typically removed from the cyanohydrin. If no purification
30 is performed, for example by distillation, relatively short catalyst service lives are

obtained. In the case of use of a distilled reaction mixture, the service life of the



processes for preparing carboxamides, which can be performed in a particularly simple and inexpensive
manner and with a high yield. More particularly, a particular problem was to provide a process which, with
a high rate, low energy use and low yield losses, ensures a particularly long lifetime of the catalyst and a
10long service life of the plant for preparing the carboxamide. These objects and further objects which are
not stated expf¥fthPBlPAE3pRmMediately derivable or Bliscernible from th(JeFJ EdRBERBALERE(Rsed herein by
way of introduction are achieved by a process having all features of Claim 1. 15 Appropriate modifications
of the process a cPr(?in to the.invention are E{otecfedi dep%n%ent claims. ¥Vith regar. tlgthe process
for preparing a‘iﬁ;ﬁ (r%eﬁ%%c?ﬁla@grgﬁa 8% %rgkﬁéf’f BP&@uci 8 r%ﬁfal S tthcé?gﬁ 1954 epolymer
mouldings, Clgimse22, B4 V2§ sarct@ 7gsrovidessdiutomgtdahthprablergg wodedyiptioinese tigects. 20
Accordingly, tz{?sﬂﬁﬁﬁgﬁ.t invention provides a process for preparing a carboxamide from a carbonyl
compound and hydrogen cyanide, comprising the stepsof A) reacting a carbonyl compound with
hydrogen cyanide to prepare a 25hydroxycarbonitrile, B) hydrolysing the hydroxycarbonitrile obtained in

step A) in the piegeRceofhe GHatYSHCAMPRIRG ANa6KjaPEsE HieXHHes MhiFVénGhRrRCIHdTRE IN that a
molar excess of carbon Ifcom ound in relation tg the I'@((Eo%z]n%ani?e is used for the reaction of the
carbonyl comp?fﬁﬁﬁs\ﬁ/ﬁ% R SRANY SAROXADIERSA VIS SR AA A RULGHEN N step A) is

not purified bysdilispiléateod befexpahgive manner and with a high yield. More particularly, a
particular problem was to provide a process which, with a high rate, low energy
use and low yield losses, ensures a particularly long lifetime of the catalyst and a

10 long service life of the plant for preparing the carboxamide.

These objects and further objects which are not stated explicitly but are
immediately derivable or discernible from the connections discussed herein by
way of introduction are achieved by a process having all features of Claim 1.
15 Appropriate modifications of the process according to the invention are protected
in dependent claims. With regard to the process for preparing alkyl
(meth)acrylates and polymers and for producing moulding materials and polymer
mouldings, Claims 22, 24, 26 and 27 provide solutions to the problems underlying
these objects.
20
Accordingly, the present invention provides a process for preparing a
carboxamide from a carbonyl compound and hydrogen cyanide, comprising the
steps of
A) reacting a carbonyl compound with hydrogen cyanide to prepare a
25  hydroxycarbonitrile,
B) hydrolysing the hydroxycarbonitrile obtained in step A) in the presence of a
catalyst comprising manganese dioxide, which is characterized in that a molar
excess of carbonyl compound in relation to the hydrogen cyanide is used for the
reaction of the carbonyl compound with hydrogen cyanide in step A), and the
30 reaction mixture obtained in step A) is not purified by distillation before the

hydrolysis in step B) is performed. It is thus surprisingly possible to provide a



hydrolysis in step B) is performed. It is thus surprisingly possible to provide a particularly energy-efficient
process which enables long catalyst service lives. At the same time, the processes according to the
invention can achieve a series of further advantages. One of these is that the process according to the
invention 5 can prolong the service life of the plant for preparing the carboxamide to a surprisingly
significant dng\f@. Wig/gﬁ%%othe process to be performed particularly 5’@3@&@9‘?@@%%%%, at high
rate, and with low energy use and low yield losses. 10The process according to the invention enables the

efficient preparation of @arboxami es.rlé‘l this rOC(;%sqs1FH es%gfigrll carb?ﬁrlgl tcompou1}ds are used, which
generally haveoa%ﬂffgr fThE RS E B HERAMiBee D é?@é:aa %s?%?ﬁ'&eg gﬁf)' of the formula
-CON H2. These compounds are known in the technical field and are described, for example, in Rompp

Chemie Lexikgy r@gﬁ%&%ﬂ%@ﬁ&@%& EP&FSE%[%%E?%HI% eapesialiyReAUBRatic or

cycloaliphatic ca S, saturated or unsatUrated carbonyl compounds, and aromatic and
heteroaromati®citieefyRevriRAs O mheldhrsenyl hekipeuriasassy asecsdindtrelkiGdmeiay have one,

two or moke carip bRy Pkl sagiiboNidt &3 ARO pRBSIBE tortisarFRrRABYEEAIBRAMRIS Which have
heteroatoms, especially halogen atoms, such a.? chlorjpe, br%mine, fluorine, oxygen, sulphur and/or
nitrogen atomS PR S lHB B o R Rl T P AR Farty SuRLEFE SarbniF P FBURGE preferably
comprise 1 to p@ficuoiary pfftéeably hex@nhaivdlymadt poferb)ya?dovitR Saareoerggomss. dite particularly
preferred carb%wk,%qmeggggs include aliphatic or heteroaliphatic

10 The process according to the invention enables the efficient preparation of
carboxamides. In this process, especially carbonyl compounds are used, which
generally have groups of the formula -CO-. Carboxamides comprise at least one
group of the formula —CONH,. These compounds are known in the technical field
and are described, for example, in Rompp Chemie Lexikon 2nd Edition on CD-

15 ROM.

The reactants used may especially be aliphatic or cycloaliphatic carbonyl
compounds, saturated or unsaturated carbonyl compounds, and aromatic and
heteroaromatic carbonyl compounds. The carbonyl compounds for use as
20 reactants may have one, two or more carbonyl groups. In addition, it is also
possible to use carbonyl compounds which have heteroatoms, especially halogen
atoms, such as chlorine, bromine, fluorine, oxygen, sulphur and/or nitrogen atoms
in the aromatic or aliphatic radical. Particularly suitable carbonyl compounds
preferably comprise 1 to 100, more preferably 2 to 20 and most preferably 2 to 5

25 carbon atoms.

The patrticularly preferred carbonyl compounds include aliphatic or heteroaliphatic
ketones which have 3 to 5 carbon atoms, for example acetone, and aliphatic or
heteroaliphatic aldehydes having 2 to 5 carbon atoms, for example 3-methyl-
30 mercaptopropionaldehyde or acetaldehyde. Acetone is particularly preferred here

as a reactant.



ketones which have 3 to 5 carbon atoms, for example acetone, and aliphatic or heteroaliphatic aldehydes
having 2 to 5 carbon atoms, for example 3-methyl- 30mercaptopropionaldehyde or acetaldehyde.
Acetone is particularly preferred here as a reactant. These compounds can be reacted individually or as
a mixture with hydrogen cyanide (HCN) to give a-hydroxycarbonitriles (cyanohydrins), for example a-
hydroxy-y-meth{fii E‘)Q@%ﬁr’i@tﬂe(z-hydroxy-4-methyl‘ihiobutyronitrile),2-%‘5%15 BRftfe (1actonitrile)
and 2-hydroxy-2-methylpropionitrile (acetone cyanohydrin), particular preference being given to acetone
cyanohydrin. The carbonyl compound is used in a molar excess, based on the hydrogen cyanide. The
molar ratio of carbonyl compound to hydrogen cyanide may 10preferably be in the range from 1.1:1 to
7:1, preferablyThésé tcomppandsnuzst e ferattisdnntyicuadg vorad toidurePratfereydegegiven to

reacting the C%Pﬁﬂ&écﬂwqg Véﬂ% hé@‘f)?@(%%@é?@éqﬁrjﬁés (cyanohydrins), for example a-
hydroxy-y-methylthiobutyronitrile (2-hydroxy-4-methylthiobutyronitrile), 2-
5 hydroxypropionitrile (lactonitrile) and 2-hydroxy-2-methylpropionitrile (acetone

cyanohydrin), particular preference being given to acetone cyanohydrin.

The carbonyl compound is used in a molar excess, based on the hydrogen
cyanide. The molar ratio of carbonyl compound to hydrogen cyanide may
10 preferably be in the range from 1.1:1 to 7:1, preferably 1.5:1 to 5:1, and most

preferably in the range from 2:1 to 3:1.

Preference is given to reacting the carbonyl compound with hydrogen cyanide in
step A) in the presence of a base. It is possible here to use anion exchangers.
15 Preference is given to using hydroxides or oxides, which are more preferably
formed from alkaline earth metals or alkali metals. These include Ca(OH), and
Mg(OH),, MgO, CaO, NaOH, KOH, LiOH or Li,O. Very particular preference is
given here to using LIOH or Li>O. Preferably 0.001 to 10% by weight, more
preferably 0.01% by weight to 2% by weight, of hydroxide and/or oxide is added
20 to the reaction mixture for reaction of the carbonyl compound with hydrogen
cyanide. In a particular modification of the present invention, the proportion of
hydroxide and/or oxide can be selected such that no further base need be added

to adjust the pH of the subsequent hydrolysis reaction in step B).

25  Theoretically, it is also possible to use soluble amines to adjust the pH. However,
it has been found that the use of these amines can have an adverse effect on the
lifetime of the catalyst used for hydrolysis in step B). In addition to organic
compounds with one nitrogen atom, ammonia (NHs) is also included among the
amines in the present context. The proportion of soluble amines in the reaction

30  mixture is therefore preferably at most 0.1% by weight, more preferably at most
0.01% by weight and most preferably at most 0.001% by weight. In a particular



step A) in the presence of a base. It is possible here to use anion exchangers. 15 Preference is given to
using hydroxides or oxides, which are more preferably formed from alkaline earth metals or alkali metals.
These include Ca(OH)2 and Mg(OH)2, MgO, CaO, NaOH, KOH, LiOH or Li20. Very particular preference

is given here to usinég LiOH or Li20. Preferably 0.001 to 10% by weight, more preferably 0.01% by weight
to 2% by weighY QRAYARBRIREAnd/or oxide is added 20 to the reaction mi%tiieFEPPELRMRT Bf the carbonyl

compound with hydrogen cyanide. In a particular modification of the present invention, the proportion of

hydroxide and/or oxid be selected such t further b be added to adjust the pH of th
cUbsoquent nyi RS FoAbI T CELPRS) O PhARTER AT e AR BB ot CHR amines to

adjust the pH. tllawieséthé pEs been found that the use of these amines can have an adverse effect on the
lifetime of the catalyst used for hydrolysis in step B). In addition to organic compounds with one nitrogen
atom, ammonia (NH3) is also included among the amines in the present context. The proportion of

soluble amined ¢ thenRRi@lieie Fdrvikiglehs tiearioneohior casReaY htestRPUOE WY dYHIO98Ore preferably
at m_<f3_st 0-QlW%Pﬁdﬂdﬂng%ﬁ@@tB@Mrgéﬁf@%MWi@{Q@?f%{%ﬁé,{ W@wt@olfg_am@@t,iw@égﬁgect. no
significant proportion of these amines ed to the reaction mixture to adjust the pH. The temperature
ihich the raAB OISR AR PO o SRR T G A s LAt T Yenerally be
within the rangedferabig0nithé0engedfenabb/im4beCrange from -20 to 60C, especially in the range from -10
to 50C and more preferably in the range from -5 to 40C. The reaction in step A) to form a

hydroxycarbonitrile can, according to the 10 reaction temperature, be performed at reduced pressure or
elevated presstie. adgtirtadiiofteP pfefdrbfiPeFohrE@NaRiBoAIBHEsSidfd rageprdiaent0.8he 10 bar, more

preferably 0.8 fga3 1A 1 hpsPACHONIEMSIRSHAEBAiionalidea RrdsayePpenlird siessdredepends upon

15 factors including the carbonyl compounds used, the activity of the catalyst and the reaction
temperature, WA SAEL o IR R BEMARHHIIE PIRGE eHREYEAEREHCkin o) Relction of the
carbonyl compaorepritfiedlitiNOSB poedarsably in the range from 30 seconds to 15 hours, more preferably 10
minutes to 5 hours and most preferably 30 minutes to 3 hours. 20
The reaction time for formation of the hydroxycarbonitrile in step A) depends upon
15 factors including the carbonyl compounds used, the activity of the catalyst and the
reaction temperature, where these parameters may be within wide ranges. The
reaction time for reaction of the carbonyl compound with HCN is preferably in the
range from 30 seconds to 15 hours, more preferably 10 minutes to 5 hours and
most preferably 30 minutes to 3 hours.
20
In continuous processes, the residence time of the reaction in step A) is
preferably 30 seconds to 15 hours, more preferably 10 minutes to 5 hours and

most preferably 30 minutes to 3 hours.

25  The reaction mixture prepared after the reaction in step A) is, in contrast to the
prior art processes, not purified by distillation before the hydrolysis in step B) is
performed. Distillation is understood here to mean a separation of the reaction
mixture by virtue of different boiling points of the mixture constituents. This allows
considerable efficiency improvements in the process to be achieved. In a

30 particular configuration of the reaction in step A), no purification is needed.

Instead, the mixture obtained after the reaction in step A) can be sent directly to a



In continuous processes, the residence time of the reaction in step A) is preferably 30 seconds to 15
hours, more preferably 10 minutes to 5 hours and most preferably 30 minutes to 3 hours. 25The reaction
mixture prepared after the reaction in step A) is, in contrast to the prior art processes, not purified by
distillation before the hydrolysis in step B) is performed. Distillation is understood here to mean a

separation of tHEF@8d fQire by virtue of differefit boiling points of A& HERERORARIR(Rnts. This

allows considerable efficiency improvements in the process to be achieved. In a 30particular configuration
of the reaction in step A), no purificgtion.is needed. Instead, the mixture obtained after the reaction in step
A) can be senpaﬁsreoii[l?)%ef% Brg\fi?sp redction in step B). According to the invention, the hydrolysis of the
carbonitrile obtained in step A) is performed in the presence of a catalyst comprising manganese dioxide.

The S stoichiongAMBSUANARALAL M M maBRACI R B e AT e

incorporation of mangahese of other valence States into the crystal lattice, may prefe
between MnOPZEHERFhO2Ch 1 @reReiese efiokidatalistsdpmneiieing anangmiesldidasns! ey differ

greatly in @‘eir%tﬂﬁwﬁ\‘éﬁ@@&ﬁﬂiW%d%Mé%éitﬁr{@%%m&mﬁé%@%xﬁ@, kaﬂrﬁ@me
polymorph, the 10 ch/stalllnlt is the most marked. The crystallinity in the further'&)ol mor,ohs is less
marked and eel s BRI R hRRIRPEEE &S %‘?&h"ﬂ#‘éﬂ?&e%%%'—”&? {aaMRGL 3y diffraction

can assign thmmmbblyﬂmﬁe tbfdharcgfeabﬁp@éymweaﬁganhtaﬂy@ﬁ{timdadammeimrms of
manganese digxide EH%%&’&QVQYS%%%%%&%E@E'L}‘h%(‘)i/‘&%’ﬁ%thg%r 'irgﬁﬂgﬁ%e%%ﬁ g Gaalyst .
comprising manganese dioxide may comprise further compounds orions. These Include especially alkali

metal and/or atie&dilyetetirtRyitdtaitéo Reiahicangan faeodiquiste intbaaaststabletnel/ Mot pitaration or are
deposited,pn thg stliake &f the TR Yshrildte riRiemrdAlka) met %Qﬁﬁé??H%SﬁH%_ci@“%éEhium’ 20

sodium and/or potassium ions. The preferred alkaline earth metal ions include especially calcium and/or

magnesium i@ RE 2B EXEBFSIRIN A ABAPBP LIRS rPNIRR ARCHLS BlRiar My BAress than 0.6
atom per atomviMaigayesirdhieatcaiasaigm ahallsalymeiphangomalkaline easthicadjahiol manganese

's preferably in e ROGR BaM iRy Qi 1driLo0P REHGEARRE hNEA I8 8T 4G 041

additionally contain hydroxyl groups.

15
The catalyst comprising manganese dioxide may comprise further compounds or
ions. These include especially alkali metal and/or alkaline earth metal ions which
are introduced into the crystal lattice in the preparation or are deposited on the
surface of the catalyst. The preferred alkali metal ions include especially lithium,

20 sodium and/or potassium ions. The preferred alkaline earth metal ions include
especially calcium and/or magnesium ions. The content of alkali metal and/or
alkaline earth metal may preferably be less than 0.6 atom per atom of
manganese. The atomic ratio of alkali metal and/or alkaline earth metal to
manganese is preferably in the range from 0.01:1 to 0.5:1, more preferably in the

25  range from 0.05:1 to 0.4:1.

In addition, the catalyst comprising manganese dioxide may comprise promoters,
which may likewise be introduced into the crystal lattice or be deposited on the
surface of the catalyst. The preferred promoters include Ti, Zr, V, Nb, Ta, Cr, Mo,
30 W, Zn, Ga, In, Ge, Sn and Pt. The content of promoters may preferably be less

than 0.3 atom per atom of manganese. The atomic ratio of promoter to



In addition, the catalyst comprising manganese dioxide may comprise promoters, which may likewise be
introduced into the crystal lattice or be deposited on the surface of the catalyst. The preferred promoters
include Ti, Zr, V, Nb, Ta, Cr, Mo, 30 W, Zn, Ga, In, Ge, Sn and Pt. The content of promoters may

preferably be less than 0.3 atom per atom of manganese. The atomic ratio of promoter to manganese is

preferably in t¥PAEfREIPED01:1 to 0.2:1, more pfeferably in the ran§EHEGRP0BHE4R78.1:1. The

catalyst comprising manganese dioxide may preferably comprise 0.01 to 10% by weight, more preferably
0.1 to 5% by weight, of pramoters, this pajameter being b on the weight measured as. the metal or
Smetarion. n STIHRRC NS LELld 1y FORT IS LaRIrt 1t B3 o Bifeh R forcler t
increase the nmbehangafreiabilifgas telalldd, foe ertatysie;ampisiAgONEE®)808sc didadikconayly preferred

catalyts compyge a1 eLaIBIe= 00 8L Gl CHREEAING D 8% BYsweighL a0 01 1o 10%

by weight, especially 2'to by weight, of K20; 5% _ Iﬂ t, especially 0.21o0 4% by weight, of
7102 and is 79t@PMBBEWEISIRAGIPRERREIBS RIS OBNRAKSIANbMeRSTeT RS H2RNRBhRly comprise
further elegnentseds s been detailed above. The composition of the catalysts can be determined by
semiquantitative X-ray fluorescence analysis.

In addition, suitable catalysts may comprise fractions of SiO, or other binders in
order to increase the mechanical stability, as detailed, for example, in EP-A-0 956
898.

10
Particularly preferred catalysts comprise, for example,
0.0 to 25% by weight, especially 0.1 to 2% by weight, of SiO;
0.1 to 10% by weight, especially 2 to 7% by weight, of K;O;
0.0 to 5% by weight, especially 0.2 to 4% by weight, of ZrO, and

15 75 to 99% by weight, especially 85 to 98% by weight, of MnO.. The catalyst may
comprise further elements as has been detailed above. The composition of the
catalysts can be determined by semiquantitative X-ray fluorescence analysis.

Preferred catalysts comprising manganese dioxide have, in the X-ray spectrum

20  (XRD) measured as the powder, at least one reflection in the range from 32.0 to
42.0°. The X-ray spectra can be obtained, for example, with an Xpert pro system
from Panalytical. This reflection in the range from 32.0 to 42.0° more preferably
has the highest intensity in relation to the further intensities in the range from 20°
to 65° measured as the maximum of the reflection. Particularly preferred

25  catalysts exhibit low crystallinity, and this can be seen, inter alia, from the X-ray
spectrum. The structure of particularly preferred catalysts can be assigned to the
structure number 44-0141 or 72-1982, which is presented in ICDD (International
Centre for Diffraction Data), particular preference being given to the crystals
having a structure according to 44-0141.

30

The alkali metal and/or alkaline earth metal ions and the promoters may be



Preferred catalysts comprising manganese dioxide have, in the X-ray spectrum 20 (XRD) measured as
the powder, at least one reflection in the range from 32.0 to 42.0. The X-ray spectra can be obtained, for
example, with an Xpert pro system from Panalytical. This reflection in the range from 32.0 to 42.0 more
preferably has the highest intensity in relation to the further intensities in the range from 20 to 65,

measured as tHEINIPBI#Cqhe reflection. Particul&rly preferred 25 catdy<E R fIR Systallinity,

and this can be seen, inter alia, from the X-ray spectrum. The structure of particularly preferred catalysts

can be assigned to the structure numper 44-0141 or 72-1982, which is presented.in ICDD (International

Contte for DI BB Reu i F TR e SLA e gl P ERRE S oB R Grtlre accorcing

to 44-0141. 30naticed, foiseamsiple,impiérdidolan tof sethahidee prepastsutpbithe, catdlysédesor instance, it

's possible In pALEHRRdG LG AALHESLIG AR SPbRIERGRVRIGENBOOSHIAAlFS ARyl oXides of the
st whic oluble

aforementioned substances, preéference being given to using compounds hares in water. 5
The catalyst cEMPRisdSHATGERSEEfNRIEMIES SkIRIBINYaERhprise at least 50% by weight, more
preferably at least 80% by weight, of manganese dioxide having an empirical formula MnOx where X is in

th f .7 10 2.0. 10l ticul t of th ti tion, the catalyst isi
manganese RNt Lp BAD SOFRIE LIPS T Y RS SN GHT 606 FOUBH per ¢, more
preferably 1005@73®Y waigkt, gnanel pnefdrpbdfesiblidnast 58086 2y0waid) e manghnsstetbomideed according
to test methOdrBUi\hQ%C*émé]ﬁB&% 1ng Hﬂ&%ﬁ@r‘é@ﬁ&ﬂ%éﬂ%@ %%@ﬁ Gen peysed, for example, in the

form of powder or granu e particle size In‘'many cases being dependent upon the reaction vessel
used. The preparation of the catalysts which comprise manganese dioxide and have 20 been described

above is kpowm Res 58Nt igspeRiadn EoprRsamMiReRtBER -t cafdyst LoRBridntyInarRRPesE -A-0545697

and EP-A-0 433 611. The catalysts which comprise manganese dioxide and are to be used,in accordance
with the invenfiH{Hn BRUEANGHA R SHEG LY B ABRGET: bF MBS BIEe HRethiBId MRS 4, with
permanganatgsefor examplefpriblssian pesotamjaraig 40t 2b&ipaferably., 150 p 230 h¥5ddrand J. Chem.

Soc., p. 2189, Lﬁlp {Eh"ﬂsao%qét}ﬂﬁn g&:&%@@dﬂ%ﬁ%ﬁ@@?ﬁ g{ﬁ)&(&dslwtﬁ%p’btained by electrolytic oxidation of
a u

manganese s € In agueous soluton.

15 Depending on the reactor type, the catalyst can be used, for example, in the form
of powder or granule, the particle size in many cases being dependent upon the

reaction vessel used.

The preparation of the catalysts which comprise manganese dioxide and have
20 been described above is known per se and is detailed, for example, in
EP-A-0 379 111, EP-A-0 956 898, EP-A-0545697 and EP-A-0433611. The
catalysts which comprise manganese dioxide and are to be used in accordance
with the invention can preferably be obtained by oxidation of Mn?* salts, for
example MnSQO,4, with permanganates, for example potassium permanganate (cf.
25  Biochem. J., 50 p. 43 (1951) and J. Chem. Soc., p. 2189, 1953). In addition,
suitable manganese dioxide can be obtained by electrolytic oxidation of

manganese sulphate in aqueous solution.

Catalysts with structures according to 44-0141 can be obtained, for example, by
30 adding an aqueous solution containing 0.71 mol of Mn(l)SO, (total of 15% by
weight of Mn?* in solution), 0.043 mol of Zr(IV)(SO4)2, 0.488 mol of conc.



Catalysts with structures according to 44-0141 can be obtained, for example, by 30adding an aqueous
solution containing 0.71 mol of Mn(l1)504 (total of 15% by weight of Mn2+ in solution), 0.043 mol of
Zr(1V)(504)2, 0.488 mol of conc. sulphuric acid and 13.24 mol of water at 70C rapidly to a solution of 1.09
mol of KMnal in 64.5 mol of water. The supernatant solution with the precipitate formed can be heated to

90C for 3 hourd FROTREEBREE can then be filtered 8ff, washed four tinfés WRRZIMOIR4f Water and

dried at 110C for 12 hours. 5 The reaction mixture added to the catalyst comprising manganese dioxide
preferably has a in the. range from 6.0.t0,11.0, pr ly 6.5 to 10.0 and most prefergbly 8.5 to 9.5. In
this context, tHe' ngcdgﬁ'ﬁjeﬂ%@éé%gboétﬂewagéc'gﬁf? é)%?a{ﬁﬂﬁlyopdﬁsgi%& 8? Eh 80@813% ions
(H30+). This pdkamintér BAthusdoaepardereipopdisctians isaluidingmvtie ttempecaiiiads toisnedrameter being
based on the rgactjon F%E@%%"&o@%h%%ﬁ%?‘ﬂﬂ{g %&ngo gyt rggnm@ggsoqﬂfflment to

determine this parameter with electrical measuring units (pH meters), a determination at room
temperature b¥iAgGHRYEHMEE Wi P TrRINYEseTatee aabatiss RO thpeRAUFE. The pH can

preferably e adjusted as early as in the is course of preparation of the hydroxycarbonitrile in step A), in
which case the_above-specified oxides and hydroxides can preferably be used. It shoyld be emphasized
e that the Ry S ASME R SRR AN SRCE8 e AFHRSRST: HISEERics: therclore
the pH of the rpmfécapMianBre g il_'l the (&ﬂ@eicbmia greadlyl inBueretechibly 6’1_6 typé)@mhdmm,ﬂnt_of _the
catalyst. The HRIERIALRe°a3Ion Mtk Adisd ouhs caarstear s meRdanesR cloxde

rt e

- ! R -
makes it clea att IS measure without the presence of t gcata]yst. e urther constituents of
the reaction mifedEhAtIGichforaskitpR, Sevexeniuireiobaridsfirie, Tdve. PSraRaiehéeriTesind that,

surprisingly, hydrnaisnnURehRERSSRCR A dihdiMe 19 asteIle, Rapicaireks Ieshifelimeiaiithe catalyst
comprising manganese dioxide. Accordingly, the process accordingﬂto the invention can be further

improved by a H&‘Wfﬁﬂﬂﬁ%ﬁ%@%ﬁsf&ﬂ@%ig IRASES Yol IOVEILRAR shits o MRDYeEa5R5h 30mixture,
for example LigllfficiBnt ki?@Debmi@hinpdoamier Wit eteuteodtatioasofilid umt(phipoeras)is preferably in

the range of 0,001, 0,356y WEdRl, 1101 BIPEIAPN.R A HRYNE IR Ry DU SIS Theldigadditon can

be effected during or betore the hydrolysis reac
of the reaction temperature. The pH can preferably be adjusted as early as in the

15 course of preparation of the hydroxycarbonitrile in step A), in which case the

above-specified oxides and hydroxides can preferably be used.

It should be emphasized here that the catalyst comprising manganese dioxide in
many cases has amphoteric properties; therefore, the pH of the reaction mixture
20 in the reaction is greatly influenced by the type and amount of the catalyst. The
expression “the reaction mixture added to the catalyst comprising manganese
dioxide” makes it clear that the pH is measured without the presence of the
catalyst. The further constituents of the reaction mixture include, for example,
solvent, water, carbonitrile, etc.
25
It has been found that, surprisingly, hydrolysis in the presence of lithium ions
leads to a particularly long lifetime of the catalyst comprising manganese dioxide.
Accordingly, the process according to the invention can be further improved by
adding lithium compounds, especially water-soluble lithium salts, to the reaction
30 mixture, for example LiCl, LiBr, LioSO4, LIOH and/or Li»O. The concentration of

lithium compounds is preferably in the range of 0.001 to 5% by weight, more



The hydrolysis of the carbonitrile to the carboxamide preferably takes place in the 5 presence of an
oxidizing agent. Suitable oxidizing agents are widely known in the technical field. These oxidizing agents
include oxygenous gases; peroxides, for example hydrogen peroxide (H202), sodium peroxide, potassium
peroxide, magnesium peroxide, calcium peroxide, barium peroxide, benzo Igm%roxide and diacetyl

peroxide; pera@sBH4MEHeracids, for example pRrformic acid, 10 pBfalEt28RI0848H in

persulphate, ammonium persulphate and potassium persulphate; and oxo acids or salts of oxo acids, for
example periodic acid, potassjium periodate, sodium periodate chloric acid, potassium perchlorate,
codium porchiBHEE AR EL A BHRRAET Lo LB Lot AGHALf i e LB arh dUeR. ocie acid
sodium hypochldviéégredhadnygenipses sattstidor example 15 potassium permanganate, sodium

permanganate and lithium permanganate, and salts of chromic acid, for example potassium chromate,
sodium chromate and ammonium chromate. The amount of the oxidizit%% agent used may be within a

wide range, buttAd vl ardplitesiahorIePRIV RGP APt EELRRIATE dHEIR. The
oxidation sensiiuiyRfcle st DURFENG eFnRYSHieiBle Exliihthaderoh BRI KNSRORNe The lower
limit results from the i [?_r(ii\;{eﬂgent in the service life of T]he catalyst to be achieved. 'I'.Bagam?lar ratio of
oxidizing agenttd'B&HorfitHie i eﬁ%@%% HE M HE'YFB. 63MIPIUS DaRBHe RFERNARSY 1801:1 to 1.5:1.
25 These oxideiagpigeritgdmae e @adriddo (HeOgactodimmixtpezo kites X potpkesias asohutios, and/or as a
gas. The oxidizj . are ref g ' PH ' se, the gas
may compriseﬁrﬁ”l%(% %ﬁ%oé%‘%@%oz ?)érﬁc@oeﬁgtr%%% 1 n% %%%%8%% ésB %@Ze%(? };%%28}(‘)?;(% ?:’?ﬁg agent may
comprise 30fuftiaer yhdeay oxisies cCRAMGHISt YaS8YSsAtHPARRIBDgEN dPNaoNegRSES MG #Rifticular aspect,
the gas mgy cgaarsgcPreiRyaRlydathio S&% Ry yelunamefonerh Q?é"rsiﬂﬁh%t@ 2% Ryigkime of molecular

oxygen (02). Theé)referre_d gases include inrparticular air. In addition, it is alsogossible to use a gas
which contain® RSB D PXRIGHES iR hSATSURT R 8351095 B5VBRIMECEPHIBIE ar oxygen,
these gases cpotaisingngpeasdsatyeatdedsind Yhdip sl rphédecahbidat dotaasiuzY/pbychate, of oxygen.

The amount of g, WhiEh GomBLses.DXyAen A RaSseR oHRb L 'BARIILIPSRaY Preferably

be in the range o itres/hour, more pre
sodium iodate, iodic acid, sodium hypochlorite, permanganate salts, for example

15 potassium permanganate, sodium permanganate and lithium permanganate, and
salts of chromic acid, for example potassium chromate, sodium chromate and

ammonium chromate.

The amount of the oxidizing agent used may be within a wide range, but the
20 reactants and products should not be oxidized by the oxidizing agent. The
oxidation sensitivity of these substances may therefore limit the use of the
oxidizing agents. The lower limit results from the improvement in the service life of
the catalyst to be achieved. The molar ratio of oxidizing agent to carbonitrile is
preferably in the range of 0.001:1 to 2:1, more preferably 0.01:1 to 1.5:1.
25
These oxidizing agents may be added to the reaction mixture, for example, as a
solution and/or as a gas. The oxidizing agents used are more preferably gases
which comprise oxygen. In this case, the gas may comprise molecular oxygen
(O2) or ozone (O3). In addition, the gas used as an oxidizing agent may comprise
so further gases, especially inert gases, such as nitrogen or noble gases. In a

particular aspect, the gas may comprise preferably 50 to 98% by volume of inert



the range of 10 to 1000 litres/hour, based on 1 kg of catalyst comprising 10manganese dioxide. The water
which is needed to hydrolyse the carbonitrile may in many cases be used as the solvent. The molar ratio
of water to carbonitrile is preferably at least 1; the molar ratio of water to carbonitrile is more preferably in

the range of 0.5:1- is25:1 and most preferably in the range of 1:1-10:1. The water used for the hydrolysis
may have a hiYhDarh?/RRweler, this property is not bbligatory. As wellHsTHeBRUHER4LDthus also

possible to use service water or process water which comprises greater or lesser amounts of impurities.

20A dingly, it is al ihle t led water for the hyd is. In addition, furth tituent
iy be prose i B0 Baihold PQUrEIoD ey Bh U oP B AT FEE HUEESarbomd

compounds suohlgdeaitphytirdaarad kietandgioes picisialisothboseibidichusa\ve dresewhiskdeotpiepare 25
cyanohydrins fg e HsedRdth Brefsignge | ﬁﬂé‘? Bitile, f-0% 63 aBP\Ry AGRICRE ABYQN Aretaldehyde
may be present%% tthe reactfo?ymixture. 'I'I 3)%% escri%e%, ?g)rr(]-:‘xampﬁel,Pin US 4018829-A. The purity of the

aldehydes and78YI&ftoHeRSEJURER ¢ritaling renssativ dhngasiitical kot Prefesdudstances may

comprise impygtes2espeoalinalcensisgéer. example methanol, water and/or 30 methyl
a-hydroxyisobutyrate (MHIB). The amount of carbonyl compounds, especially acetone and/or

acetaldehyde, may be used within wide ranges in the
The amount of gas which comprises oxygen and is passed through the reaction

mixture may preferably be in the range of 1 to 5000 litres/hour, more preferably in
the range of 10 to 1000 litres/hour, based on 1 kg of catalyst comprising

10 manganese dioxide.

The water which is needed to hydrolyse the carbonitrile may in many cases be

used as the solvent. The molar ratio of water to carbonitrile is preferably at least

1; the molar ratio of water to carbonitrile is more preferably in the range of 0.5:1-
15 25:1 and most preferably in the range of 1:1-10:1.

The water used for the hydrolysis may have a high purity. However, this property
is not obligatory. As well as fresh water, it is thus also possible to use service
water or process water which comprises greater or lesser amounts of impurities.

20 Accordingly, it is also possible to use recycled water for the hydrolysis.

In addition, further constituents may be present in the reaction mixture for the
hydrolysis of the carbonitrile. These include carbonyl compounds such as
aldehydes and ketones, especially those which have been used to prepare
25 cyanohydrins to be used with preference as the carbonitrile. For example,
acetone and/or acetaldehyde may be present in the reaction mixture. This is
described, for example, in US 4018829-A. The purity of the aldehydes and/or
ketones added is generally not particularly critical. Accordingly, these substances
may comprise impurities, especially alcohols, for example methanol, water and/or
30 methyl a-hydroxyisobutyrate (MHIB). The amount of carbonyl compounds,
especially acetone and/or acetaldehyde, may be used within wide ranges in the



reaction mixture. The carbonyl compound is preferably used in an amount of 0.1- 6 mol, preferably 0.1-2
mol, per mole of carbonitrile. In a particular modification of the present invention, this carbonyl compound
may be added completely in step A), and so this excess is circulated. 5 The temperature at which the

hydrolysis reaction is effected may generally be in the range of 10-150C, Ereferaba:g}n the range of
20-100C and MEPEIEEEN the range of 30-803210Depending on fhe TEEERERR Rture, the

hydrolysis reaction can be performed at reduced or elevated pressure. Preference is given to performing

this reaction in a pressur f 0.1-10 bar, eferaply 0.5 to 5 bar. Th tion time of th
nyarosis eattBH BB p TP TAELBRL LR 15 PP AGE LT RO ot the catayst

and the reactiéhnempertiaaly dnt-2hesd paranudtars cadobitrieitihmanpddicalagesodifieateactdn time of the
hydrolysis reagion s fufstablyiih 1 <ange BRGEE0NAS 10} SoRoMiGeBLRIEIBKRRI g minutes to 10
hours and most p?éferaﬁ‘ 60 mlinu’tgasI to 5 ﬁ%l}l/’s. %%qlﬁn contin&%us procgsseme ré@ﬁesrgg% time is
preferably 30 $8e8RESEINIS AERASS MGHSHRIRSkably 15 minutes to 10 hours and most preferably 60
minutes tos5 hours. The loading of the catalyst with carbonitrile may be within a wide range.

25Preference is given to using 0.01 to 2.0 g, more preferably Q.05,t0 1.Q g and most preferably 0.1 to 0.4
o, of carbonitri AP HBT LA &l BVoE OO SRR Gl s g b EhBL SR BF dample, in a
fixed bed reactbe canga sti$PerEion, rpeftorbiygades aaegesel 26 t0diZziagdgents preiembdgible in
30particular tOiH?r‘?eSr%'r?g?él%g éa%e,é)_ed reactors which enable good contact of gas,

10 Depending on the reaction temperature, the hydrolysis reaction can be performed
at reduced or elevated pressure. Preference is given to performing this reaction in

a pressure range of 0.1-10 bar, more preferably 0.5 to 5 bar.

The reaction time of the hydrolysis reaction depends upon factors including the
15 carbonitriles used, the activity of the catalyst and the reaction temperature, and
these parameters may be within wide ranges. The reaction time of the hydrolysis
reaction is preferably in the range of 30 seconds to 15 hours, more preferably 15

minutes to 10 hours and most preferably 60 minutes to 5 hours.

20 In continuous processes, the residence time is preferably 30 seconds to 15 hours,
more preferably 15 minutes to 10 hours and most preferably 60 minutes to

5 hours.

The loading of the catalyst with carbonitrile may be within a wide range.
25  Preference is given to using 0.01 to 2.0 g, more preferably 0.05 to 1.0 g and most

preferably 0.1 to 0.4 g, of carbonitrile per g of catalyst per hour.

The reaction in step B) may be performed, for example, in a fixed bed reactor or
in a suspension reactor. If gases are used as oxidizing agents, it is possible in
30  particular to use so-called trickle bed reactors which enable good contact of gas,

solid and liquid. In trickle bed reactors, the catalyst is arranged in the form of a



solid and liquid. In trickle bed reactors, the catalyst is arranged in the form of a fixed bed. In this case, the
trickle bed reactor can be operated in cocurrent or countercurrent mode. The reaction mixture obtained
after step B) generally comprises, as well as the 5 desired carboxamide, further constituents, especially
unconverted carbonitrile or hydrogen cyanide, and carbonyl compound used in excess, especially

acetone and/oV\4e&@l Gind water used in exdess. Accordingly, tHETEARRPRHBRARE % generally

separated in order to be able to 10 reconvert the reactants already used. In a modification of the present
invention, the geaction mixture obtained after step B) can be purified by a fwo-stage distillation. The
ronction mixtul B SR RS 5] Kol G, B I et B BR RS | SHB) rbonite. The
boiling point otthenteydumeydamiodeitrile is higher than that of water. Problems associated with this can be
solved easily by a decomposition of the hydroxycarbonitrile to a carbonyl compound and hydrogen

cyanide. This decomposition can be catalysed, for example, by the presence of a base, preferably of an
anion exchangeteviBRH98 prixiidecobiriesaraifs, siethEberbaially ZRAPEEHES1Ra Melt Afollication of this

preferred gmbgdiinentcanmaiatigistilatinn stzmldhe respibingigainesareidedcaarbsnraracited from a
mixture which comprises water, carqonyl compound and hydroxycarbonitrile and/gr hydrogen cyanide. In
25 this case, (RETGHREGANARH S TR R ChHeF o AR BORT CEHBBAN AT Hhirogen
cyanide. The randlredtetaldblyitechodmadepuséddnirecessond distillation step b), in which case the
carbonyl compound and the hydrogen cyanide can be withdrawn via the top and the water via the bottom
of the second still. 30 B) into carboxamide and a mixture comprising water, carbonyl compound and
hydroxycarborfi¢fiereifglyr HiRIregeHuy anirdereals geteraliysppatrRine@raes tendgep®lgrédin the range
from 110 19 26@coMeFretRECFEERMANIS AR 8PAREPMIL0NSHARAkCT Be PPreprseliarRdnisrferably in the
range from 0.002 to 1 bar, . , n

the reaction mixture obtained after step B) can be purified by a two-stage

distillation.

The reaction mixture obtained after step B) generally still comprises proportions of
15 hydroxycarbonitrile. The boiling point of the hydroxycarbonitrile is higher than that

of water. Problems associated with this can be solved easily by a decomposition

of the hydroxycarbonitrile to a carbonyl compound and hydrogen cyanide. This

decomposition can be catalysed, for example, by the presence of a base,

preferably of an anion exchanger, which is provided, for example, in the bottom of
20 the still.

In a first modification of this preferred embodiment, in a first distillation step a),
the resulting carboxamide can be separated from a mixture which comprises
water, carbonyl compound and hydroxycarbonitrile and/or hydrogen cyanide. In

25  this case, the hydroxycarbonitrile can preferably be split into carbonyl compound
and hydrogen cyanide. The mixture thus obtained can be purified in a second
distillation step b), in which case the carbonyl compound and the hydrogen
cyanide can be withdrawn via the top and the water via the bottom of the second
still.

30

The first distillation step a) for separation of the reaction mixture obtained in step



5 more preferably in the range from 10 to 500 mbar. The distillation temperatures stated herein are
based especially on the bottom temperature. The temperature at which water is separated from carbonyl
compound and hydrogen cyanide in step b) may generally be in the range from 50 to 150C, 10 preferably
in the range from 70 to 120C and more preferably in the range from 90 to 110C. The second distillation

step b) can prifPAN HEGIFEmed within a pressufé range from 0.2 toPJ 4 FRBPE/BRIRF&bIY 0.7 to 1.5

bar. In a particularly preferred embodiment, the carbonyl compound and hydrogen 15cyanide can first

b d vig the t first distillation step a) from th tion mixture obtained after step B). In thi
cose, ycroy Gl AL Rt A B ML BTG OB AR GRS A G nt ir this

way _is Iik_ewis_elnydm@yemﬂbmﬂ’urijleeamd(wreydaogmtcpaﬂ‘ltie lwgadr_@geie_at@biylide andmmnl_adn&l eompound
AN AR SRk Al UL R Rl

the bottoms comprises water anj%a boxamide. This mixture Is separated in a second step b’), wherein

the carboxamiditdih 28 AntdfecusssHEcskeysr il aferabivatethe danemisRyOlRpdatibaconcentration,

also knows aspipiags RNAraEOfagdhie rA3e. theauMabaE of MR SRoIe RIREdIAtDFEBary energy is
used in a 25 seconﬁ stag_e ata Ioweé'rgress_urie Ieveléle%a heating medium for the liquid phase. This
t

principle can bEASAMIRIEH SUR PESGE/RPRISIANY Al BSRGYLRJHEPR @M tageously, a multistage

evaporative concentration comprises 2 to 4 of these separation stages. The principle of multistage

evaporative ¢ on sgfi ' tail ] [cations ineludi irschberg, Handbuch
der 30 Verfahﬁgt%%ﬁ%%}éﬁﬁg m%ge%g% ﬁl-%a?% %ﬁ% ro%:lﬂeglzsg{ilj2 g%%l%@%%%éf o@gfant
Construction], Sis¥ie@Rt tyaoideefarsirie bemMghernetalhisalstifseriTor dietlo80réoplpfdses. This

confi_gurayi(pn %’r@?@ﬁéBSNrﬁﬂ?&ﬂ%ﬁ@e%%Lﬁ@% QQ@@%%%@@W iAfte r@@gi%rﬁjixtgre
obtained in step B). The resulting water can be used for hydrolysis in ste Bg 5The first distillation step a")
for separation @P e EhGtioHfhgaPedatsiaHAR sten @)qﬁ{b@ﬁfﬁfﬁp&%ﬁé)eo QLR MINA & mixture

comprising cagresylicorapge fichanal hiw B ioyanipiefeabigrefetablysimperformed at a temperature in
the range from 50 to 170C, more preferably in the range from 90 to 120C. The pressure in this step a') is

preferably in the range from 0.4 to 5 bar, more preferably in the
In a particularly preferred embodiment, the carbonyl compound and hydrogen

15 cyanide can first be removed via the top in a first distillation step a’) from the
reaction mixture obtained after step B).
In this case, hydroxycarbonitrile is first separated into carbonyl compound and
hydrogen cyanide, and in this way is likewise removed from the mixture via the
top. The hydrogen cyanide and carbonyl compound obtained in this way can be
20 used to prepare hydroxycarbonitrile in step A). The mixture obtained from the
bottoms comprises water and carboxamide. This mixture is separated in a second
step b’), wherein the carboxamide can advantageously be separated from water
in @ multistage evaporative concentration, also known as multistage evaporation.
In this case, the amount of vapour generated by primary energy is used in a
25  second stage at a lower pressure level as a heating medium for the liquid phase.
This principle can be continued over several stages for energy saving.
Advantageously, a multistage evaporative concentration comprises 2 to 4 of these
separation stages. The principle of multistage evaporative concentration is
described in more detail in publications including H.G. Hirschberg, Handbuch der
30  Verfahrenstechnik und des Anlagenbau [Handbook of Process Technology and of

Plant Construction], Springer 1999, reference being made to this document for



10 range from 0.7 to 2 bar. The distillation temperatures stated herein relate especially to the bottom
temperature. The temperature at which water and carboxamide can be separated in step b’) may
generally be within the range from 90 to 260C, preferably within the range 15 from 100 to 180C. The
second distillation Steﬁﬁb') can preferably be performed within a pressure ran(ge from 10 mbar to 20 bar,

more preferably RPHHEPIEAD bar. High pressure V&lues apply especi&fytEFrROARLEARISs of a

multistage evaporative concentration. 20Surprising advantages with regard to the service life of the plant

and the lifetime. of the catalyst can be achieved .speciallyb Yirtue olfacom _osiltion comprising the
carbony! compitHE R A ESon] D TROARE U R MRS (e HEDH (e rate water
and hydrogen efjmiede pivficatmposititreintachioedintorthebtdiordavistep [Byver propstitimgof HCN than

the compositiqpydthdiawa L\{.é%ﬁ?om%&? I)%fiéhﬁ Sc.ltgnb g?e proportion by weight of HCN in the composition
which is introduced into the reflux Is preferably at most 60%, more preferably at most 40% and most

preferably at most 10% of the amount of HCN present in the composition withdrawn via the top of the still,

based on the vweightsiTfigttamPPsiEpRINt deprdia Bianefteyabihensillmermeterqikbggomprises
30essentially nQ HCN. In this Qa nection, it sho#Id be emphasized that %dd}%%carboni rile can form from

n
the carbonyi cEBEUFRMBAHKARYAPRMH KSLEh RO 8 UV SREPRIRENRKEX OPBRUREEHER into the still.
Accordingly, they/digges syat@degbzare pviferaligrdeopbdoamed rat o HEohbevhtareisrehemadde the still refer

to the sum of tpgnqlémgw%foge%%ggfggam ﬁ:m g%ﬁ%l%n?%r@ fgd‘g@riﬁggﬁgﬁgqggm The amount

of bound HCN can be determine ecomposing the fiydroxycarbonitrile. g e composition

introduced intdhiesteRux oftmsedarral¥ ot dfgpraes dsa@nbiyone hydrBeieapseinitatidy 1A dpreferred

modificatign ofdhgdrasent grresionphie qarbodistitanerowsiseraryes isthedcadeaosrparation of
water and hydrogen, cyanide is used to
especially to the bottom temperature.

The temperature at which water and carboxamide can be separated in step b’)
may generally be within the range from 90 to 260°C, preferably within the range
15 from 100 to 180°C. The second distillation step b’) can preferably be performed
within a pressure range from 10 mbar to 20 bar, more preferably 100 mbar to
10 bar. High pressure values apply especially to the first stages of a multistage

evaporative concentration.

20  Surprising advantages with regard to the service life of the plant and the lifetime
of the catalyst can be achieved especially by virtue of a composition comprising
the carbonyl compound used in step A) being introduced via the reflux into the still
used to separate water and hydrogen cyanide, the composition introduced into
the reflux having a lower proportion of HCN than the composition withdrawn via

25 the top of the still. The proportion by weight of HCN in the composition which is
introduced into the reflux is preferably at most 60%, more preferably at most 40%
and most preferably at most 10% of the amount of HCN present in the
composition withdrawn via the top of the still, based on the weight. The
composition introduced into the reflux of the still more preferably comprises

30 essentially no HCN. In this connection, it should be emphasized that

hydroxycarbonitrile can form from the carbonyl compound and hydrogen cyanide



10 prepare a hydroxycarbonitrile in step A). Accordingly, the top product of the corresponding distillation
step is preferably used to prepare the hydroxycarbonitrile used in step B). Accordingly, the water obtained
can be used for hydrolysis of the hydroxycarbonitrile in step B). 15A further improvement in the lifetime of

the catalyst can be achieved especially through the use of a column with a hi%g se aratin%ferformance,
especially in tHd Qg #83%# Water and hydrogen clfanide. Accordinglyf i ré’ﬁﬂ%ﬂ?ﬁé‘a' illation

column which has two or more separating stages is used for this purpose. In the present invention, the
number of separating stages refers to the number of trays 20in a tray co or the number of theoretical
piates in e cLED OYoR o R GRSV eI L ShaB GG, Eamples of
multistage distiijaties stalitaurabonth \Mitty$_e'gardde tthesensaight a Ib_lﬁihlwhjap _tsalgegusiedetmr#}e, tunnel-cap
trays, valve tray, Rlnd34Re YGHEG FLSIRME H's: RUBRIR RARBIBY HERY Bolfid R BATEH0al rays, for a

multistage distillation column with random packing, those such as Raschig rings, Lessing rings, Pall rings,
Berl saddles, IRYSroXKaibpsttrigd, Toea anmisthgel disanagorttoNinfirvithRestraetaradingdckigs, those

such as the MglapatpbamigeieReyaragakisnim. MetizdRalk (Meantehrpesitid siraeiuses packings
with catalyst pockets, 3Q for exampl Irigta—Pak..A distillation column with co bina]tions of regions of
il 8 i

trays, of regioﬁ%t%iﬂ?ﬁﬁa%% B O FRGRIRES RSP AN SN AP AR se be used. The use of

a distillation column with a high separating performance and of a 5 reflux with a low hydrogen cyanide

content allows, e FRARHION RIJHNL RIS EqequsalAsE VNS WaCIAINA skigsiy o be kept

very low. Preference is given to recycling to the hydrolysis an aqueous phase whic prises only
exceptionally [ERNPHSFoMtIdAS 6PUiRErSjcaergeaiice af MaiRy podsibiereser fisvrids e sisfly talues less than

1% by W@Sht,&wﬁrefﬁfq{?@ﬂbﬂ%%ﬁﬂrﬁ’é% Rye}0 AyeigbEaREhEIPrand eissaphsdess Biame-1% by weight
of hydrogen cyanide, based on the aqueoul%ghase recycled. Surprisin% advantages can be achieved

especially by VRUESHAHE oA 0o Eonif)ouﬁlﬁe&da@hf in H6istifatid e o BParate water

and hydrogen hydroxycarbonitrile used in step B). Accordingly, the water obtained can be used
for hydrolysis of the hydroxycarbonitrile in step B).

15 A further improvement in the lifetime of the catalyst can be achieved especially
through the use of a column with a high separating performance, especially in the
separation of water and hydrogen cyanide. Accordingly, preferably one distillation
column which has two or more separating stages is used for this purpose. In the
present invention, the number of separating stages refers to the number of trays

20 in a tray column or the number of theoretical plates in the case of a column with

structured packing or a column with random packing.

Examples of multistage distillation columns with trays include those such as

bubble-cap trays, sieve trays, tunnel-cap trays, valve trays, slot trays, slotted
25  sieve trays, bubble-cap sieve trays, jet trays, centrifugal trays; for a multistage

distillation column with random packing, those such as Raschig rings, Lessing

rings, Pall rings, Berl saddles, Intalox saddles; and, for a multistage distillation

column with structured packings, those such as the Mellapak (Sulzer), Rombopak

(Kahni), Montz-Pak (Montz) types and structured packings with catalyst pockets,
30 for example Kata-Pak.



15 cyanide being selected such that it is sufficient to prepare the amount of hydroxycarbonitrile envisaged
in step A). Accordingly, the carbonyl compound required for conversion of HCN is preferably added fully
to the ref lux of the still which is used to distil a mixture which comprises water, HCN and the carbonyl
compound used in steaﬁg According to the configuration, this can be done in the 20first or second

distillation. In YY&AtRSH HIO388Ltion mixture comprisihg purified carboxamidE EERMOMEARES to remove

further constituents by means of ion exchange columns. 25To this end, it is pOSSIb|e to use especially
cation exchange ({ianlon excha ers. lon exchangers smta for th| ose re k own per se. For
example. 1 1 o BB G BEL L RAE B B ShGEROB ShIAG e Pt R Benvene
copolymers. Baaaklagmnr&tcbgrmgsrefcﬂm@usmtpmiﬂnwyarﬂhmmnbgnqus which are bonded
covalently to styrene-divinylbenzene 30copolymers. The purification of a-hydroxycarboxamides is
described in more detail, inter alia, in EP-A-0686623. The hydrolysis reaction of the present invention may

in particular setg HSQPE %f@ﬁﬁ'ﬂ@@me%’ﬂéﬁ‘m P Ss SiahfSeprEpEth P BRRIMRRGS lidnkties aThe term
"(meth)acrylic ranemeRsa %nbf@%ﬁég@@tmw@ FRARNT AR R ARCPHEH IO BEFCN thmhdures of the

two. The term mers includes, es eCIaIIy, meth)acrylic aci articular acrylic acid
(bropencic acEUSREETRRE LI (3o b SRS R e G EEDIERE o FIB BN e alod 10
referred to as @iveth)acngdeyetng\dootiten hlydritigsiy eseraqneensiophalsn mfwidmmseesmiw preparing

alkyl (meth)acwéé%ﬁoﬁﬁiﬁ%%!}y %gﬁ}ﬁ %e‘é}aﬁ%&'r% ngﬁ S i me 8&%@"’&8“’8&’5@0@ o a process

of the present invention ocesse may Sis step yano rns to prepare

(meth)acrylic eﬁﬁ@%%rVéiléﬁS(ﬁfPéﬂﬁﬁéfyléfésbdréVQQ%ﬁle@Ofﬁté?raiﬁiaMYEIBSA thaoe063%, BP-A-0 15
407811, EP-ARRR 8RS RBrERARN¢ 1c384n4m @ Rattisy pelymrefaryarbgabesimgsthdeossible to

obtain alkyl (meth)acrylates from carb@fgl compounds, hydrogen cyanide and alcohols in a simple and
inexpensive mahi BIUSILLRBBSSVRINFESmprise the following steps: 20A)formation of at least one
cyanohydrin by reacting at least one carbonyl compound with hydrogen cyanide;

Surprising advantages can be achieved especially by virtue of the amount of

carbonyl compound added in the distillation step to separate water and hydrogen
15 cyanide being selected such that it is sufficient to prepare the amount of

hydroxycarbonitrile envisaged in step A). Accordingly, the carbonyl compound

required for conversion of HCN is preferably added fully to the reflux of the still

which is used to distil a mixture which comprises water, HCN and the carbonyl

compound used in step A). According to the configuration, this can be done in the
20 first or second distillation.

In addition, the reaction mixture comprising purified carboxamide can be purified

to remove further constituents by means of ion exchange columns.

25 To this end, it is possible to use especially cation exchangers and anion
exchangers. lon exchangers suitable for this purpose are known per se. For
example, it is possible to obtain suitable cation exchangers by sulphonating
styrene-divinylbenzene copolymers. Basic anion exchangers comprise quaternary
ammonium groups which are bonded covalently to styrene-divinylbenzene

30  copolymers.



B) hydrolysis of the cyanohydrin or of the cyanohydrins to form at least one a-hydroxycarboxamide; C)
alcoholysis of the a-hydroxycarboxamide or of the a-hydroxycarboxamides 25to obtain at least one alkyl
a-hydroxycarboxylate; D) transesterification of the alkyl a-hydroxycarboxylate or of the alkyl
ahydroxycarboxylates with (meth)acrylic acid to form at least one alkyl (metr&acr late and at least one
a-hydroxycarb¥§IR0&@68Yehydration of the a-hytoxycarboxylic acifer 'ﬂ?é%%%%z&carboxylic
30acids to form (meth)acrylic acid. Steps A) and B) have been explained in detail above. In the next step

C), the a- hyd b ide th btai b nverted 1o t lkyl a-hyd - carboxylate. Thi
con be done. TP EHINELEY e e B ARG HIAILE R BEHBRILM) CUEHTE Aladtot Aanotoyl formate

or a mixture ofimiefhAmMB&G&L8arbon monoxide, this reaction being described by way of example in
EP-A-0407811. Preference is given to reacting the a-hydroxycarboxamide by alcoholysis with an alcohol
which comprises preferably 1-10 carbon atoms, more preferably 1 to 5 10 carbon atoms. Preferred
alcohols include e &HANBIstFRAAIOPrab M IPIRsRMHoIN P IaAN- BLRATEFRIRA SehYetRAf-2bropanol,
pentanol, hexan@ihemtaaoktdp eyhiesassdsoetrnplepaARGOlABth dReAROIadins. alneholddsed is more

preferably methanol and/gr ethanol, very particular preference being given to methanol. The reaction of
b y T o

carboxamides WIATHIRGH, %tm%eéirbc%@ﬁéagggrsrﬁ? sy Mmonomers and - acrylic

monomers and mixtures of the two. The term “(meth)acrylic monomers” includes,
especially, (meth)acrylic acids, in particular acrylic acid (propenoic acid) and
methacrylic acid (2-methylpropenoic acid) and the esters of these acids, also
10 referred to as (meth)acrylates. Accordingly, the present invention also provides a
process for preparing alkyl (meth)acrylates, especially methyl methacrylate, which
has a hydrolysis step according to a process of the present invention. Processes
which may have a hydrolysis step of cyanohydrins to prepare (meth)acrylic acid
and/or alkyl (meth)acrylates are detailed, inter alia, in EP-A-0 406 676, EP-A-0
15 407 811, EP-A-0 686 623 and EP-A-0 941 984.

In a particularly preferred embodiment, it is possible to obtain alkyl

(meth)acrylates from carbonyl compounds, hydrogen cyanide and alcohols in a

simple and inexpensive manner by processes which comprise the following steps:

20 A formation of at least one cyanohydrin by reacting at least one carbonyl
compound with hydrogen cyanide;

B) hydrolysis of the cyanohydrin or of the cyanohydrins to form at least one
o-hydroxycarboxamide;

C) alcoholysis of the a-hydroxycarboxamide or of the a-hydroxycarboxamides

25 to obtain at least one alkyl a-hydroxycarboxylate;

D) transesterification of the alkyl a-hydroxycarboxylate or of the alkyl a-
hydroxycarboxylates with (meth)acrylic acid to form at least one alkyl
(meth)acrylate and at least one a-hydroxycarboxylic acid;

E) dehydration of the a-hydroxycarboxylic acid or of the a-hydroxycarboxylic

30 acids to form (meth)acrylic acid.



15knowledge. The molar ratio of a-hydroxycarboxamide to alcohol, for example a- hydroxyisobutyramide
to methanol, is not critical per se, and is preferably in the range from 3:1 to 1:20. This ratio is very
particularly appropriately in the range 20from 2:1 to 1:15 and more preferably in the range from 1:1 to
1:10. The reaction temperature may likewise be within wide ranges, the reaction rate generally increasing

with increasing{ehs9d4Q853the upper temperature! fmit arises generaRFFRPEROPERREG Soint of the

alcohol used. The reaction 25 temperature is preferably in the range from 40-300t, more preferably 160-
240C. The reaction may, depending on the reaction temperature, be performed at reduced or elevated
pressure. This reaction is preferably performed in a pressure range of 0.5-200 bar, particularly
appropriately iStapaigeanti Bioht00 baearcpranediefdesdlyabdoe30rbtie hexa pibic)athersbodiment, the

reaction betwegen al ha-rch?ydror%(ri/dcar oxa iie a?rr%g alcnohol can b(?tg(grf[or ed i alprgEs re reactor. This is
in principle un ¥9§? JGATREAN S réation s 8?Wh?8h%oé1r¥'ﬁlt nleVat8 )()reoé rEYYbe maintained
during the reacadroxyldtes dbisecdnebey dmtepriessexempsanisyatpeessarefigedate f@itzesatArospheric

pressure, L. RARMGHALAEBALANE B3 HOF @IRRS B ARLELE NG i R agas, from greater

than 1 bar to less than™100 bar. Accordingly, the pressure, both during the reaction/alcoholysis of
alphahydroxydBRisxidRideiareralien §ems derelase thwanthexmaRsnntRE Pt @ Shixture, may be
greater than atmospheric pressure or greater than 1 bar. 10 Therefore, the ammonia formed in the
reaction can be distilled out of the mixture under a pressure of greater than 1 bar, and it is possible to

completely dispEHEER e YRR 16 Kaslegcine SLiPnaRoXeMIde REHSa0e!YSIRIH 8Pthe ammonia.

15 The produciloansir@tishy daengeigtaigstetetanly in1ansaeoia Swnadsarorensenyergd aleoBol. Specifically
in the case that rrnetrf]wa oHs u&gq frorrt elahﬁokllol sils, th(?nr ﬁulrt]i al%rod ct mixt%rg oT?onri?ing, inter alia,
the ammohia é:ﬁob Rethand 'corﬁpeoneent%c\:ﬁ R 5r%li'geprin%ip?e (\)/ér?/ afffidur? {8%%poa‘ra e f'om one another.
In the simplesesaseiaihe pimdacomaxaireZisrddpietedropanamgeata2ohnbexadioltepi@mbyviig said two

components dERgiiYeas & BURIIARECBRAMSE JHMILRS RICHHEL KR, Jhe ¥R NS ABRaS Are then

subjected to a separating operation, for example a rectification. In addition, the two components alcohol

(methanol) and@"8HATGhiANSAPY 15Eh38Rhr KRB RASHEYIRE PreiienesikeiRgifiveR ogeritarclad@ne two
constituents areasiiva antalsekamnicrthanehicaR@s the obtain carboxylic esters is common

15 knowledge.

The molar ratio of o-hydroxycarboxamide to alcohol, for example o-
hydroxyisobutyramide to methanol, is not critical per se, and is preferably in the
range from 3:1 to 1:20. This ratio is very particularly appropriately in the range

20 from 2:1 to 1:15 and more preferably in the range from 1:1 to 1:10.

The reaction temperature may likewise be within wide ranges, the reaction rate
generally increasing with increasing temperature. The upper temperature limit
arises generally from the boiling point of the alcohol used. The reaction

25 temperature is preferably in the range from 40-300°C, more preferably 160-
240°C. The reaction may, depending on the reaction temperature, be performed
at reduced or elevated pressure. This reaction is preferably performed in a
pressure range of 0.5-200 bar, particularly appropriately in a range of 1 to 100 bar
and more preferably 5 to 30 bar.

30



25 same time be separated from one another. The reaction step and the removal of the ammonia/alcohol
from the product mixture can be performed spatially separately from one another and in different units.
For this purpose, it is possible, for example, to provide one or more 30pressure reactors and to connect
them to a pressure distillation column. This system comprises one or more reactors which are arranged

outside the colfRrP HA3R£dte region. Preferenc@fnay be given to eRpIbYERgWERRMRSUSs process for

preparing alpha- hydroxycarboxyllc esters in which alpha-hydroxycarboxamide reactants are 5 reacted
' st to obtain a roduct mix which

th Icoho th
ot hechos EA BT B B o, (R B L TR AR ey S B ARt hol and
catalyst; by a) demthioigcerabtapestreaecsicenmuessuge asadactdhis, isunghphaime destbostdmide, an

alcohol and a gatglyst Fé@cﬁ‘oW%ﬁ %BJP%F #8%%@%“8%\5@?%68'6%@1%6%3@?%&% igggnother in the

pressure reactor at a pressure |n e range greater than 1 discharging the product
mixture which Q808D FAEERN) %Hﬂ%@ﬁﬁﬁ??ﬁe@'8%8%9@%)3&&%&%@6@@?%!@0@%%&

alpha-hydeoxygih exapiga aitdraialyel fremnhrmiessusreRactaErNtar. The pressure may
preferably be in the range from greater than 1 bar to less than 100 bar.

Accordingly, the pressure, both during the reaction/alcoholysis of alpha-
hydroxycarboxamide and during the removal of the ammonia from the product

mixture, may be greater than atmospheric pressure or greater than 1 bar.

10 Therefore, the ammonia formed in the reaction can be distilled out of the mixture

under a pressure of greater than 1 bar, and it is possible to completely dispense

with the use of aids such as stripping gas for the distillative removal of the

ammonia.

15 The product mixture may be depleted not only in ammonia but also in
unconverted alcohol. Specifically in the case that methanol is used for the
alcoholysis, the result is a product mixture comprising, inter alia, the ammonia
and methanol components which are in principle very difficult to separate from
one another. In the simplest case, the product mixture is depleted of ammonia

20 and alcohol by removing said two components directly as a substance mixture
from the product mixture. The two substances are then subjected to a separating
operation, for example a rectification. In addition, the two components alcohol
(methanol) and ammonia can be separated from the product mixture in one
operation, and the two constituents ammonia and alcohol (methanol) can at the

25  same time be separated from one another.

The reaction step and the removal of the ammonia/alcohol from the product
mixture can be performed spatially separately from one another and in different
units. For this purpose, it is possible, for example, to provide one or more
30 pressure reactors and to connect them to a pressure distillation column. This

system comprises one or more reactors which are arranged outside the column in



15d") depleting the product mixture in alcohol and ammonia, ammonia being distilled off at a pressure
which is constantly kept greater than 1 bar. In this case, a particularly appropriate process modification
can be provided by  bl) reacting the reactants with one another in the pressure reactor at a pressure
20in the range from 5 bar to 70 bar; b2) decompressing the product mixture resulting from step bl) to a

pressure less ¥5h3ALHPESSER: in the pressure reactdr and greater tha® H&P29994&1RG I he

decompressed product mixture which results from step b2) into a distillation column; 25c2) in the
distillation column, dist{'llin off ammonia and alcohol via the top, the pressure in the distillation column
being kept in tﬁes?gﬁéae‘?rr '?ﬂeater than 1 bar to less than 10 bar; and d1) discharging the product
mixture which results from step c2), has been depleted of ammonia and alcohol, and comprises

Ipha-hyd li -hydr ' th I :
s relen e e A g G ATtk place i

In this preferred process varia _ . ctants an _ ol take place in
two different sPAHERKY SRRPAIC UFBESTH diheVhididsipBadiydieneRsRcXaaNsserraaataeisaratthg unit for the

removal okamyagaigdalaanahiteskoe inraustdBbrbEecns sapfstes dnaroapruedtanitie S has the
advantage that, for the reaction é)lfg hr%l_g?%ctants and ﬁhe subsequent removal of ammonia/alcohol,

different presstAAREPES RS HGRRRYUE 681 of AU RS CHES AT Eiep in the
pressure reactoydroxigranighendessncedicahohad eptayshdgtep in a pressure column, both steps being

Egr}?nucted undae _glgeveac%ﬁ] prgggw;nti.egwﬁea%%r.th%ps;@urpggsin%\éfg‘lé%\f\és, thgrg_pas)ﬁpﬁ ating .action to
proved significantly dnce more and the efficiency of thé removal of the ammonia/alcohol mixture to
be increased. T QYRR EXAMIER RieARONOSH Ahbeal@ped/ie ersasRIASEBEI9Bpeating the
10 b') reacting the reactant streams with one another in the pressure reactor at a
pressure in the range from greater than 1 bar to 100 bar;
c') discharging the product mixture which results from step b') and comprises
alpha-hydroxycarboxylic ester, unconverted alpha-hydroxycarboxamide and
catalyst from the pressure reactor; and
15 d') depleting the product mixture in alcohol and ammonia, ammonia being distilled

off at a pressure which is constantly kept greater than 1 bar.

In this case, a particularly appropriate process modification can be provided by
b1) reacting the reactants with one another in the pressure reactor at a pressure

20 inthe range from 5 bar to 70 bar;
b2) decompressing the product mixture resulting from step b1) to a pressure less
than the pressure in the pressure reactor and greater than 1 bar;
c1) feeding the decompressed product mixture which results from step b2) into a
distillation column;

25 ¢2) in the distillation column, distilling off ammonia and alcohol via the top, the
pressure in the distillation column being kept in the range from greater than 1 bar
to less than 10 bar; and
d1) discharging the product mixture which results from step c2), has been
depleted of ammonia and alcohol, and comprises alpha-hydroxycarboxylic ester,

30  unconverted alpha-hydroxycarboxamide and catalyst from the column.



reaction in the pressure reactor once or more than once with the product mixture 15 which has been

depleted of ammonia and alcohol in the bottom of the separating column (pressure distillation column),
the reaction step being shifted to a multitude of pressure reactors which are connected in series.  In
this respect, very particular preference is given to a process variant which is 20characterized in that e)

the product mi¥X{R<@I&A83g€8 in step dI) is compred3ed to a pressure RETERAYERINE % 70 bar; f)

the mixture compressed in this way in step e) is fed into a further pressure reactor for reaction and
allowed to react ggain; and 25¢) steps b2), c1), c2) and d1) are repeated according to the list above.
Accordingly. 1 S BaR BT P eBTHCP at S AT e A SRR A B € nfthcrawn from
tray above theanottomiazhidvhiit stadestflatenicotwarditerapregsdcily sqpesseraigiteater thherin the
distillation col '?o@”drghed?ofr‘?r%é'& ﬁo%ﬁ%%pl p({ﬁ&s;g%(tﬁgﬁ@, Wr}ﬂ?”ﬁﬁ’ qﬁgr mg@ r%ﬁction under

the action of elevated pressure and temperature to obtain a twice-reacted product mixture, it is in turn
decompresse®fBROpiaderELES T dhei PIPRUSE CoNH [ 58 ReNateer fErTD gReadstothah 1!Mar, and then

recycled into thedirgidistiliatiRpeahimnibielpy wadian frmmwhichcthatieadingratadbssspepnd pressure
reactor was effected tl)ut above the bottom (g.ﬁhe first distillation column \x?here argmo iq_%ld alcohol are
B0t ol

sdistilled off ad@MAVR ik WPIBUBER? PECIL RERSEURI CBNHSARB RS STBPLYS is process
step can be repazdettias diesiecohoimrssxXatoHectHut@n tstéplin the pressure reactor under higher

pressure than in a separating step in a pressure column, both steps being
conducted under elevated pressure, i.e. greater than 1 bar, surprisingly allows the
10 separating action to be improved significantly once more and the efficiency of the

removal of the ammonia/alcohol mixture to be increased.

The quality features mentioned can be improved even further by repeating the
reaction in the pressure reactor once or more than once with the product mixture
15 which has been depleted of ammonia and alcohol in the bottom of the separating
column (pressure distillation column), the reaction step being shifted to a

multitude of pressure reactors which are connected in series.

In this respect, very particular preference is given to a process variant which is
20  characterized in that

e) the product mixture discharged in step d1) is compressed to a pressure in the

range from 5 to 70 bar;

f) the mixture compressed in this way in step e) is fed into a further pressure

reactor for reaction and allowed to react again; and

25 Q) steps b2), c1), c2) and d1) are repeated according to the list above.

Accordingly, it is of particular interest that the ammonia- and alcohol-depleted
mixture is withdrawn from a tray above the bottom of the first distillation column,
compressed to a pressure greater than in the distillation column and then fed into
30 a second pressure reactor, whence, after another reaction under the action of

elevated pressure and temperature to obtain a twice-reacted product mixture, it is



repetitions are particularly favourable. In this respect, preference is given to a 10 process which is
characterized in that the reaction in the pressure reactor, the decompression of the reacted mixture, the
feeding into the first distillation column, the depletion of ammonia and alcohol in the first distillation
column, the withdrawal of the depleted mixture, compression and feedir&g of the da%eted mixture into a

further pressutd R8IV F8FePeated more than once3to obtain, 15 depdiielgAPERAIRORr n of

pressure reactors connected in series, a product mixture depleted n times in ammonia and alcohol at the

bottom of the pressure distillation column. In this context, n may be a ppsitive integer greater than zero. n
s preferably iR PARROMBNT 65 10, BRREHD Gor e BB ARE S RROH BLaoTH s RSt Aibeating the

steps e) to g) rgretammém_amd i raed Meenmledhialmc_mh\eefiMEQi&tweﬁﬁic pohoesedvarite com pri_se the
performance qf JgeysactipfAnlelpaletion iR R UsiRo s BresRa PAROTE RaRaeqig in series to
ep 0 ol.

obtain a 25 product mixture eted four times in ammonia and alcohol. This process variant is
accordingly chapavreeHreaaHaRaeEibdiEst tdigfiiaHo neiumer Ahemsamireacad sioehqltREreaction is

performedsin agietiabaf i E@ShiOK MIESSH IEREIAra caRpEtadiRRRYIBHCE R Qramiie HiRipressure
distillation coltej?ryn may generally and preferably have a temperature in the range from about 50C to about

160C. The ex ??5' perature is typically established by the boiling system as a function of the existing
pressure 5conditions. The temperature in the reactor is preferably in the range from about 120-240C. It is

o L S AR A R v 1 e
repetitions are particularly favourable. In this respect, preference is given to a
10 process which is characterized in that the reaction in the pressure reactor, the
decompression of the reacted mixture, the feeding into the first distillation column,
the depletion of ammonia and alcohol in the first distillation column, the
withdrawal of the depleted mixture, compression and feeding of the depleted
mixture into a further pressure reactor are repeated more than once to obtain,
15 depending on the number n of pressure reactors connected in series, a product
mixture depleted n times in ammonia and alcohol at the bottom of the pressure
distillation column. In this context, n may be a positive integer greater than zero. n

is preferably in the range from 2 to 10.

20 An appropriate process modification envisages repeating the steps e) to g)

mentioned and defined above more than once.

Very specific process variants comprise the performance of the reaction and
depletion four times using four pressure reactors connected in series to obtain a
25  product mixture depleted four times in ammonia and alcohol. This process variant
is accordingly characterized in that steps e) to g) are repeated at least twice more,
so that the reaction is performed in a total of at least four pressure reactors

connected in series.

30  For the process variant specified, different temperature ranges have been found

to be particularly appropriate in column and reactor.



10particularly appropriately in steps of 5C. This positively influences the selectivity of the reaction. A
further measure for increasing the selectivity may also consist in decreasing the reactor volume from
reactor to reactor. Decreasing reactor volume with increasing 15conversion likewise affords improved
selectivity. As already mentioned above, it is favourable to withdraw the product mixture to be withdrawn

from the presste dtiARIEBIumn at certain pointd4n the column. In this E&HERPIRESRER ation, as a

relative statement of location, the distance of 20 the withdrawal point from the bottom of the column is
used. Particularly appropriately, the procedure in the context of the invention is to feed the decompressed
product mixture according to step c1) after each new reaction into a pressure reactor more closely
adjacent to thé-botrampfahthelistdzion dstillatmbasdchon ey ot pinaofithefesdilyghal¢he preceding

step c1). 25 In iti - | ibed, i r ' rboxamide
with the alcohé%%égggﬁ%@c? g?ﬁ@éﬁ%@a%%@%%dﬁnﬁo%g%ﬁ% Gg (ca)lfrtl{eg %e%&gﬁ%xgréggﬂ{‘gt@ in two
spatially separfttyPiGatyaaEREENediky theRgIng shsterreasin ANHIREIQrbERY TR MEsyFto undertake
the reaction steprnandadthe removal step in a single unit. In this case, pressure reactor and pressure
distillation column are realized in a single unit, and effectively coincide. The pressure range to be
observed in the inventive variant described above, preferably in a reactive distillation column serving as a

reactor, is variﬁbhatenmen&d&eanmgwréaph@fﬂ@téfenabt}d_imegtrgﬁg@finmabout d@@r@d@é@llﬁe_
performance 3§&§F§‘§aﬂ?&9a‘ﬁ§%ﬁ§t r?a‘?&%%( IBFErSREHSILRION GURR- AR SR YE In the range

from 5 bar to particu opropriate process is one which is characterized in that'steps a) to c)
are performedfemengineSudly steaTeactive drsrRtisetotahasCat Brpfedilye4n! thé rafge ¥R 10 bar to 30

bar. 10 particularly appropriately in steps of 5°C. This positively influences the selectivity

of the reaction.

A further measure for increasing the selectivity may also consist in decreasing the
reactor volume from reactor to reactor. Decreasing reactor volume with increasing

15 conversion likewise affords improved selectivity.

As already mentioned above, it is favourable to withdraw the product mixture to
be withdrawn from the pressure distillation column at certain points in the column.
In this context, for orientation, as a relative statement of location, the distance of

20 the withdrawal point from the bottom of the column is used. Particularly
appropriately, the procedure in the context of the invention is to feed the
decompressed product mixture according to step c1) after each new reaction into
a pressure reactor more closely adjacent to the bottom of the distillation column
based on the feed point of the feeding of the preceding step c1).

25
In addition to the variant described, in which the reaction of the alpha-
hydroxycarboxamide with the alcohol is performed by the removal of the ammonia
which is one resulting product in two spatially separate but connected units, it may
be preferred in a further process modification to undertake the reaction step and

30 the removal step in a single unit. In this case, pressure reactor and pressure

distillation column are realized in a single unit, and effectively coincide.



10In a preferred variant of the process, the reaction of the reactants is performed in a reactive distillation
column designed as a pressure column, and the ammonia formed is distilled off continuously via the top
of the column during the reaction. This achieves the surprising effect that ammonia can be removed in a
very simple manner without needing to reduce the pressure and can be recovered in high 15 purity.

Another variand/&? paHAEI5Rerest is one in which &Pnmonia is distilledr ST (RGEPH? &Yia the top of

the column and the alcohol is removed from the column via the bottom or via a sidestream. As a result of
an appropriately configured separating action of the reactive distillation column, immediate separation of
ammonia and alcohol is thus achieved. 20 For the present invention, in one variant, any multistage
pressure-resisidmet rastvesdistij@tion belwhsewled Hipridieravbnhias tveo 1t naese deparaliogestages can be
used. Such reacti ' r ineg d il ' ith st a so be used
for the reactio? %?%?\ae%yjr o%a;ng%%viﬁﬁgugg coﬁglﬁ%ﬂgﬁy aﬂrgl\r%%]n%a?gae%l}gfe ggﬁﬂfﬁ?ﬂre contains,
inter alia, the J¥SReaMpRafIRIRIESrBBIRARIBSHE OTH FURYRIHiIRD IeRE RHERSURR/RABQAEBIBACR is possible in

an approptiateppraepssamneadjcatianimsbavyofh theapietistirpleiesbRipAUSt Bprsssuyiaithe bottom of
i a further 30second distillation ¢olumn, where the alcohol is

the reactive distillation column and toé{sd ditt rb

distilled off vialllfe BFBIHE CoRh/P A1 5e AreB) ey ERRIRB 1% RE5°ES SbelR ¥ Afiitre depleted of
both ammoniadma(hatedhed:l Tfothat_maeﬂm)m)tecanﬁ aegqa&fdhe@mimmmeayslar_hmwlie_mm from the_
ammonia- andqr?%ﬁw Afﬂ&ﬁlﬁ%ﬁ?%{I‘géﬁﬂé%sBFSfﬁ%cﬁaﬁgﬁ‘ﬁBrﬁ'YE'E?L‘?Eb%‘E?BSﬁS in 5 which the ammonia-

and alcohol-depleted mixture is arged via the bottom of the further distillation column and fed to yet
a further distillation column in which the alpha-hydroxycarboxylic ester is distilled off via the top and the

thus obtaiged [RixiprerdRBIEIRLIShEoN AR S hPlaRAAlBRBI WY o3RI SepRieheanionally after

further purification steps, is reﬁtm:led into the reactor. The alpha- 10 hydroxycarboxylic ester product

obtained via tHe TFFBYShAERIAR ROMGHI S SAPSR HGSEXE AL B REelfeATRT R antageously
to further reactomstd|ixs dstiltdinfakyhimethggcrdates. topAsf abticetlrimeddistijatienregganatus preferably

has at least ongfeqian, HOOWR 83 ERLFRFIRfel MAIIHANFRSLARBS TN PIaERA R reactor can,

as described,
manner without needing to reduce the pressure and can be recovered in high

15 purity. Another variant of particular interest is one in which ammonia is distilled off
under pressure via the top of the column and the alcohol is removed from the
column via the bottom or via a sidestream. As a result of an appropriately
configured separating action of the reactive distillation column, immediate
separation of ammonia and alcohol is thus achieved.

20
For the present invention, in one variant, any multistage pressure-resistant
reactive distillation column which preferably has two or more separating stages
can be used. Such reactive stills are explained in detail in connection with step D),
and these can also be used for the reaction of the carboxamide with an alcohol.

25
The ammonia-depleted product mixture contains, inter alia, the desired alpha-
hydroxycarboxylic ester. To further isolate and purify the ester, it is possible in an
appropriate process modification to draw off the ammonia-depleted product
mixture via the bottom of the reactive distillation column and to feed it to a further

30 second distillation column, where the alcohol is distilled off via the top of the

column and preferably recycled into a reactor to obtain a mixture depleted of both



preferably be within the distillation column. For the invention, it may be advantageous when at most 10%
by weight, preferably at most 5% by weight and more preferably at most 1% by weight of the 20 alcohol
present in the reaction phase is removed from the reaction system via the gas phase. This measure
allows the reaction to be performed particularly inexpensively.  This reaction can be accelerated, for

example, by b¥%e 2818353 ese include 25 homafeneous catalysts &fd etk REHEE X atalysts. The

homogeneous catalysts include alkali metal alkoxides and organometallic compounds of titanium, tin and
aluminium. Preference is gjven to ysing a titanium alkoxide or tin alkoxide, for example titanium
tetraisopropoxﬂfgr%?qm %Bﬂ@?@bﬁgxide. The heterogeneous catalysts include magnesium oxide, calcium
oxide and basic ion exchangers as have been described above. Catalysts of very particular interest for

the performangg, OLJHﬁeﬁ’r?&&%?ea%d'\‘&J%Petﬁ%v%?ﬁﬁ’é‘-%q;&@r?éfﬁ IR laipangighgofpgounds. The

use of this type of homogeneous catalysts leads to surpris advantageous results. The 5 expression
"water-stable" #eBABIithAA @ CRA Seriesnss M tuea PRI IsTGR dSihdre PMeseieca Bragassrinccordingly,

the inventiye rgagiiptheashiRcileciRe NdBRIPERSABRRIFhiiuFe RXaiSnarjeanal watebamayt this
means that tnd A0 0 0 AL A e P &MU 6y SUBLULGaM O e EikBacton without
the presence dhsvateha-hydroxycarboxylic ester is distilled off via the top and the thus obtained
mixture depleted of ammonia, alcohol and alpha-hydroxycarboxylic ester,
optionally after further purification steps, is recycled into the reactor. The alpha-
10 hydroxycarboxylic ester product obtained via the top of the column is highly pure
and can, for example, be fed extremely advantageously to further reaction steps

to obtain alkyl (meth)acrylates.

As outlined, the distillation apparatus preferably has at least one region, known as
15 reactor, in which at least one catalyst is provided. This reactor can, as described,

preferably be within the distillation column.

For the invention, it may be advantageous when at most 10% by weight,
preferably at most 5% by weight and more preferably at most 1% by weight of the
20  alcohol present in the reaction phase is removed from the reaction system via the
gas phase. This measure allows the reaction to be performed particularly

inexpensively.

This reaction can be accelerated, for example, by basic catalysts. These include

25 homogeneous catalysts and heterogeneous catalysts.

The homogeneous catalysts include alkali metal alkoxides and organometallic
compounds of titanium, tin and aluminium. Preference is given to using a titanium
alkoxide or tin alkoxide, for example titanium tetraisopropoxide or tin
30 tetrabutoxide. The heterogeneous catalysts include magnesium oxide, calcium

oxide and basic ion exchangers as have been described above.



Lanthanoid compounds denote compounds of La, Ce, Pr, Nd, Pm, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb
and/or Lu. Preference is given to using a lanthanoid compound which comprises lanthanum. The
lanthanoid compound preferably has 15 a solubility in water of at least 1 g/l, preferably at least 10 g/I, at
25C.Preferred lanthanoid comé)ounds are salts which are preferably present in the oxidation state of 3.

Particularly prérréd WAER22 ble lanthanoid compdinds are La(NO3)FAndeF 2486483 compounds

may be added to the reaction mixture as salts or be formed in situ. 20 A particular process variant
includes the use, as a catalyst, of a soluble metal complex which comprises titanium and/or tin and the
alpha-hydroxycarboxamide. Another specific modification of the invention envisages the use of a metal 25
trifluorometharizgalptiorwdtecy pactitalpstinkerdss fcasbe pefioremues givbe prarsiss) acooeding

trifluoromethaesplphoRie I JYAIGR -s@BY@!l%ﬁ%ﬂ%B%%@oﬁé 9raiR SIS e glements in

groups 1, 2, 3, 4,11, 12, 13 and 14 of the Periodic Table. Among these, preference is‘given to using
those metal triflQBRgRERM T SERIRYRIRte ROV hikh thUPRISIROorRARTaRERIENd ¥iWbre IdBanthanoids.

In additionsto thgopsgirsrecwasasiasis heBass feaUh saialxRis: RIRERSSRS4tHNgibaiBIRRgNAOUS catalysts
are also appropriate under some circ mstz%ﬁhcgﬁz ! he successfully usable }Eter ggeneo_us catalysts
S

include magnd 8 B38a5e A WG 01G804 SoRRUNEHGERL OGP ‘ﬁl&? LELMBle, preference
may be 5 givepriEsenoceeskep ito vehichytheeigtidlyswatan wisaubkbimeighifizatelywhnglacoyphises at least

I t fron: isting: \ A b, T , Mo, W, Tc,
Re, Fo, Co. NG L0 MR TR ae Rl i laten ik Where the

catalyst used ib1ahthifssrastiomels sordereasiesiviledseapsesnaignegtdnTE %, pased mib ey, Cr, 10MO,

W, Fe, Cqq Ni,Eabtferwin&tiraRe greséypicaliwdiae. ammonia formed is discharged from the reaction
system, the reaction in many cases being performed at the boiling point. 15The ammonia released in the

alcoholysis may be recycled easily to the overall
Lanthanoid compounds denote compounds of La, Ce, Pr, Nd, Pm, Sm, Eu, Gd,

Tb, Dy, Ho, Er, Tm, Yb and/or Lu. Preference is given to using a lanthanoid
compound which comprises lanthanum. The lanthanoid compound preferably has
15 a solubility in water of at least 1 g/l, preferably at least 10 g/l, at 25°C.Preferred
lanthanoid compounds are salts which are preferably present in the oxidation
state of 3. Particularly preferred water-stable lanthanoid compounds are La(NO3)s
and/or LaCls. These compounds may be added to the reaction mixture as salts or
be formed in situ.
20
A particular process variant includes the use, as a catalyst, of a soluble metal

complex which comprises titanium and/or tin and the alpha-hydroxycarboxamide.

Another specific modification of the invention envisages the use of a metal
25  trifluoromethanesulphonate as a catalyst. In this case, preference is given to

using a metal trifluoromethanesulphonate in which the metal is selected from the

group consisting of the elements in groups 1, 2, 3, 4, 11, 12, 13 and 14 of the

Periodic Table. Among these, preference is given to using those metal

trifluoromethanesulphonates in which the metal corresponds to one or more
30 lanthanoids.



process. For example, ammonia may be reacted with methanol to give hydrogen cyanide. This is detailed,
for example, in EP-A-0941984. In addition, the hydrogen cyanide can be obtained from ammonia and
methane by the BMA or Andrussow processes, these processes being described in Ullmann's

Encyclopedia of 20Industrial Chemistry, 5th Edition on CD-ROM, under "Inorganic %}/ano Compounds".

Preferred confl@&94068BRalcoholysis of the a-RRiroxycarboxamide’ i HePBP 26484 ribed in WO
2007/131829, filed at the European Patent Office with 25 application number PCT/EP2007/052951 on

28.03.2007, th di d ibed herein of th i f the hyd b ide with Icohol
peing incorpor GG BIEca EBEH IS BLTIBLES b SRRt GHERE LM aspect of the

(
present inventiaieaigghadusd aatgitystb o atdso cappepred eteshdathsonethjacuylistacadsT Héngmeth)acrylic

sent inventiute . tetannbsTHngmetjacry
i (propeno S e o oo i) TGS B o evlar

derivatives whiefo€o|stiBasieiiRfitaseangaes sangduiestifs e RsamledLIeeERNER I FYaRRyens such as

chlorine, flyorigeanddreriasasdialihigrouns whishysnay eampdsriprefaiakly dxigel Gviingre preferably 1
to 4 carbon atoms. These include 13- etréylta%)(lic afiif (butenoic acid), a,_3-.dimet1f§§a lic acid,

13-ethylacrylic S¥IPARES:28 SRREARARRTE AL EHBHE GRAMP (EPREHRY B 2BuPrdpenoic acid)
and methacryllcaafid, (Psridethif|propiendie, &dy)pakticicaRe;dferSua\bethg 4lySin nnfébheaaylic acid. The

alkyl a-hydroxyga h?f\‘?e;g,‘??gf&%ﬁ@@ PO GiPER @ﬁ%%@&'e%%ﬁ@f}e@ﬁé’%lé@@i‘ﬁéég fhe ester

comprising preferably 1 to arbon atoms,’in 1§ particular 1 to 10 carbon atoms and more preferably 1

to 5 carbon at@mé1seRierawetateplsciaditary desigsoropeenisisirareht méthbhoY. d¥kane!, SFopanol,

butanol, inyparjeyilay nEbuEsmQiang 2anethyiilapeppanol, pentanol, hexanol and 2- ethylhexanol, particular
preference being given to methanol and ethanol. 20The acid radical of the alkyl a-hydroxycarboxylates

used for the transesterification derives preferably from the (meth)acrylic acid which can be obtained by
dehydrating th€yaibaitiroxieatrmydidaadisinwheis, thischapwalefrorathherybactiod isysseah, the

a—hydroxyisobpéggﬁo%sﬁgriéwggs é@”ﬂ%m J%re%?mgéeat%@'g%iﬁ%ddgiﬁ'fed' preference is given to using

a-hydroxyisopropionic acid.

15 The ammonia released in the alcoholysis may be recycled easily to the overall
process. For example, ammonia may be reacted with methanol to give hydrogen
cyanide. This is detailed, for example, in EP-A-0941984. In addition, the hydrogen
cyanide can be obtained from ammonia and methane by the BMA or Andrussow
processes, these processes being described in Ullmann’s Encyclopedia of

20 Industrial Chemistry, 5th Edition on CD-ROM, under “Inorganic Cyano

Compounds”.

Preferred configurations of the alcoholysis of the a-hydroxycarboxamide in step
C) are described in WO 2007/131829, filed at the European Patent Office with
25 application number PCT/EP2007/052951 on 28.03.2007, the embodiments
described herein of the reaction of the hydroxycarboxamide with an alcohol being

incorporated into the present application for the purposes of disclosure.

In a next step D), the alkyl a-hydroxycarboxylate is reacted with (meth)acrylic acid

30 to obtain alkyl (meth)acrylate and a-hydroxycarboxylic acid.



25 Alkyl a-hydroxycarboxylates used with preference are methyl ahydroxypropionate, ethyl
a-hydroxypropionate, methyl a-hydroxyisobutyrate and ethyl a-hydroxyisobutyrate. constituents, for
example solvents, catalysts, polymerization inhibitors and water. The reaction of alkylhydroxycarboxylic
ester with (me&%cr lic acid can be catalysed by at least one acid or at least one base. It is possible to

use either 5 h 88E38PPeterogeneous cataly3®. Particularly suit&lStd/&EEROSHRRRES are in

particular inorganic acids, for example sulphuric acid or hydrochloric acid, and organic acids, for example
sulphonic acids, in particular p-toluenesulphonic acid, and acid cation exchangers. 10The particularly

suitable cation XRANGRYRRREFH ALHE iR BSFALIMYPLLRh SHIK LT ERGAIRPHAER EYNT Ibenzene

polymers. Partieataaty siuttabtesttatiorykxeloahgeneesinstogitiyéicobtadsedsaorariarchadpirposdohm & Haas

under the trade g3, Ambervsil) And 1R batess underiie iads dameheualile) 12The
concentration of catalyst 18 preferably in the range from 1 to éﬂ%yby WEIg RN prétera @ 5 to 15% by

weight, based (@nopensimacitihand-atejiaadybxyasado@xyiriudpsppeedaadid) thegeniwipsterytic acid used.

The polymerizgtinp ipdybiiers Martlewrithpeeipisinge titlide ahsnorhiazinhalas- Sbabirgechol,
hydroquinone monomethyl ether, hydroquinone, 4-hydroxy-2,2,6,6- tetramethyl,plperld|noox?/l (TEMPOL)

or mixtures thdPELIEEHE SHRELGEHLLSIERR SHGANRSItBROERR A RHPPoBEE fAEYRE cBRE K lusing oxygen.
The polymerizgitsupiihitrsnavybeprasg plefeegifigentraticn) imdhe megedbym OO0 ¢arBdiPo by weight,
more preferably in the_range from 0.01 to 0.2% by weight, 25 based on the of th .
I g 8 e e T o Rt
preferably at tekipepatttien dnytieasan gadrp/p-Giniatioy2Eodic mcite Preferedidy #0givin18QCryicparticular 80C
to 120C and mog, JopEIeraby 896 8 HSiracryic acid (- c acid), part

ylic acid (2-methylpropenoic acid), particular

preference being given to methacrylic acid.

The alkyl a-hydroxycarboxylates used for this purpose are known per se, the
alcohol radical of the ester comprising preferably 1 to 20 carbon atoms, in
15 particular 1 to 10 carbon atoms and more preferably 1 to 5 carbon atoms.
Preferred alcohol radicals derive in particular from methanol, ethanol, propanol,
butanol, in particular n-butanol and 2-methyl-1-propanol, pentanol, hexanol and 2-

ethylhexanol, particular preference being given to methanol and ethanol.

20  The acid radical of the alkyl a-hydroxycarboxylates used for the transesterification
derives preferably from the (meth)acrylic acid which can be obtained by
dehydrating the a-hydroxycarboxylic acid. When, for example, methacrylic acid is
used, a-hydroxyisobutyric ester is used. When, for example, acrylic acid is used,
preference is given to using a-hydroxyisopropionic acid.

25
Alkyl  a-hydroxycarboxylates used with preference are methyl o-
hydroxypropionate, ethyl a-hydroxypropionate, methyl a-hydroxyisobutyrate and
ethyl a-hydroxyisobutyrate.

30 In addition to the reactants, the reaction mixture may comprise further



The reaction can be performed at reduced or elevated pressure depending on the reaction temperature.
This reaction is preferably performed in the pressure range of 0.02-5 bar, in particular 0.2 to 3 bar and
more preferably 0.3 to 0.5 bar. 5The molar ratio of (meth)acrylic acid to the alkyl a-hydroxycarboxylate is
preferably in the range from 4:1-1:4, in particular 3:1 to 1:3 and more preferably in the range from 2:1-1:2.

The selectivity Wb rSEPAMY 2#0east 90%, more preféibly 98%. The selE&iVIEFRORI/GEAREE as the ratio

of the sum of amounts of alkyl (meth)acrylates and a-hydroxycarboxylic acids formed based on the sum
of the amounts of alkyl a-hydroxycarpoxylates an th)acrylic acid converted. In a payticular aspect of
the present inVEHABIAE 2 SRR U o DI 18 U P10 BSOS GV he water

content is preferably in the range from 0.1-50% by weight, more preferably 0.5-20% by weight and most

preferably 1-1Q% by wejght, %%WJ%{V\% éizﬁé.hgﬁg?y'vﬂfﬁyﬂ?f@m R}ﬂéylgé% usgd. fhe addition of

small amounts of water surprisingly allows the selectivity of the 20 reaction’to be increased. In spite of
water additionCaia/Yeemh&ioat deAsEARRALAPhalkSIEE MR iSRSy b5, PABWELEP d5Sceiid’ltion of 10 to

15% by weighhbarfit esolne yreiahéRidrealiy|arbldiex yeathorpte wsasle Pisigitabiti@mithan 5% by
weight of methanaol forms at a reaction temperature of 120C and a reaction time or residence time of 5 to
180 min, 25 TR B RELEHREATRS AR PR Borh R IRl FUIRMEF G UP VRS 5L being given
to continuous prutessasicladius tifansestepicaidphdhie @odsicts partipuéeabbjubeasutphedcirom the
reactants in orgﬁﬁt%ﬁ{i'igcmec&%ﬂli&MQn f}ge reaction. The reaction time of the transesterification
depends upon the’molar masses used and on the reaction temperature, and these parameters may be
within wide ranges. The reaction time of the transesterification of the alkyl a-hydroxycarboxylate with

(meth)acnyic agid ip ARIQERY SNt HifrRRE6TTaREFhgSeeondsite I dad pHisarkarPEafgraRly 5 minutes to
5 hours and most preferably 15 minutes to 3 hours. _ _ ,

acid-containing styrene-divinylbenzene polymers. Particularly suitable cation

exchange resins can be obtained commercially from Rohm & Haas under the

trade name Amberlyst® and from Lanxess under the trade name Lewatit®.

15 The concentration of catalyst is preferably in the range from 1 to 30% by weight,
more preferably 5 to 15% by weight, based on the sum of the a-alkylhydroxy-

carboxylic ester used and of the (meth)acrylic acid used.

The polymerization inhibitors usable with preference include phenothiazine, tert-
20  butylcatechol, hydroquinone monomethyl ether, hydroquinone, 4-hydroxy-2,2,6,6-
tetramethylpiperidinooxyl (TEMPOL) or mixtures thereof; the effectiveness of
these inhibitors can be improved in some cases by using oxygen. The
polymerization inhibitors may be used in a concentration in the range from 0.001
to 2.0% by weight, more preferably in the range from 0.01 to 0.2% by weight,
25 based on the sum of the a-alkylhydroxycarboxylic ester used and of the

(meth)acrylic acid used.

The reaction is performed preferably at temperatures in the range from 50°C to
200°C, more preferably 70°C to 130°C, in particular 80°C to 120°C and most
30 preferably 90°C to 110°C.



In continuous processes, the residence time is preferably 30 seconds to 15 hours, more preferably 5
minutes to 5 hours and most preferably 15 minutes to 3 hours. 10 In the preparation of methyl
methacrylate from methyl a-hydroxyisobutyrate, the temperature is preferably 60 to 130C, more

preferably 80 to 120C and most preferably 90 to 110C. The pressure isCBreferab%Iz in the range from 50 to
1000 mbar, m¥¥YO#e1&¥a6RP360 to 800 mbar. The midlar ratio of methacriAid BRRPRYDetRy|

a-hydroxyisobutyrate is preferably in the range from 2:1-1:2, in particular 1.5:1-1:1.5. In a particularly

preferred emb giment, the transesterification can be effected in a still. In this case, the catalyst can be
Dot in any LB ISBFIAE ST B PEIRITISS o eFie Ra ey LAk BB SRS RS G0N Bt the bottom
or in the regiomeaictive ¢etapematitehe sareadioe, ib prafearbty @edaoteadsrs oo des imo uaigento contact

with the Cata'yéPd.’bé*-‘%dg%?”in Aale B, %%@‘ﬁxﬂ%% I_EE%@E%&?%S@% §lstgstill, in which case this

region is connected to the further regions of the still, for exa ottom and/or the column. This
separate arrangement of the catalyst 25region is preferred. This preferred embodiment surprisingly

succeeds in ingrRassIAhersRieiimeiihRFARCtiand IndhimeoniRyt i-RPaKIL bsrBaphasized that the

pressure of the reaction can be adjusted independently of the pressure within the distillation 30columns.
This allows th@BAIREYSMBL SANCE YR Rt ibwRREEY RS b dRtioR R RIRISIABNCE time rising
correspondingiyie lmagelittom 2ae-teznperature of

The selectivity is preferably at least 90%, more preferably 98%. The selectivity is
10 defined as the ratio of the sum of amounts of alkyl (meth)acrylates and
o-hydroxycarboxylic acids formed based on the sum of the amounts of alkyl

o-hydroxycarboxylates and (meth)acrylic acid converted.

In a particular aspect of the present invention, the transesterification can be
15 effected in the presence of water. The water content is preferably in the range

from 0.1-50% by weight, more preferably 0.5-20% by weight and most preferably

1-10% by weight, based on the weight of the alkyl a-hydroxycarboxylate used.

The addition of small amounts of water surprisingly allows the selectivity of the
20  reaction to be increased. In spite of water addition, the formation of methanol can
be kept surprisingly low. At a water concentration of 10 to 15% by weight based
on the weight of the alkyl a-hydroxycarboxylate used, preferably less than 5% by
weight of methanol forms at a reaction temperature of 120°C and a reaction time
or residence time of 5 to 180 min.
25
The transesterification can be performed batchwise or continuously, preference
being given to continuous processes. In the transesterification, the products can
preferably be removed from the reactants in order to shift the equilibrium of the
reaction.

30



the reaction can be varied over a wide range. This allows the reaction time to be shortened. In addition,
the volume of catalyst can be selected as desired without needing to take account of the geometry of the
column. Furthermore, for example, a further reactant can be added. All of these measures can contribute
to 5 the increase in the selectivity and the productivity, surprising synergistic effects being7achieved. In

this process, tHEQKYT PRRREQycarboxylate, for exaddple methyl a- hydrokyidePRRPHUAO4348d to the still.

In addition, (meth)acrylic acid, for example 10 methacrylic acid, is introduced into the still. The distillation

conditions are _preferably canfigu in such a way that exactly one product is discharged from the still by

cistlation, e T T RP L BALEE AR GRS P BER T G B TR E Gy Heetrom. I the

case of use ofaldoholdheitheadtionciebpe ratumde grespeesalpethsreddsr mayharolyiprefendiee is given to

withdrawing th%{ﬁ @Ikyl-l(qbeth)gggﬁlgﬁe fmtheofeaﬂﬁign W%gﬁ@yﬂi&i gtio fTi}ﬁJeag}QﬂtS are passed
he i y {met%

cyclically through'the catalyst region. This continuously forms a th)acrylate and
a-hydroxycarb@xWidrexigampremeevtbnibetivaentier acktilisseseierapcitemnaticeneidreg. 30 The

reactants 20 mayBeiintPdyestiaiadBR JirUIR COIMMME i3 ARR COMRIRNNG L pisgParately via

two lines (1) and (2). The reactants are preferably added via separate lines. The reactants can be fed to
the column at e RAHESIAGETOMS-any position. 25 The temperature of the reactants can be adjusted by
means of a heat exchanger in the feed, the units needed for this purpose not being shown in Figure 1. In

a preferred variant, the reactants are metered separately.into the colymn, the lpwer-boiling component
oeing metered T BEINE DSRorRo i SERT e O R R BN SEBGRI 1 TR e the
lower-boiling cowreavrefrriabiy efertiiieS toduliedrinaraboasi pfefenabibot Gheipuissia hvewtion, any
multistage distillation column (3) which has two or more separating stages may be used. The number of
separating stages used in the present invention is the number of trays in a tray column or the number of
theoretical platgstis theeeastion 2taghn il raeidalrHPaCKIAREroa BElHSARHIB #dde® packings.

Examples of a:giistage distilatinamnplemnovitotiey sipruge e ssehas borblarambays, sieve
trays, tunnel-cap trags valve tra1ysd slat trays, slotted _
preferably 90 to 110°C. The pressure is preferably in the range from 50 to 1000
mbar, more preferably 300 to 800 mbar. The molar ratio of methacrylic acid to
15 methyl a-hydroxyisobutyrate is preferably in the range from 2:1-1:2, in particular

1.5:1-1:1.5.

In a particularly preferred embodiment, the transesterification can be effected in a
still. In this case, the catalyst can be added in any region of the still. For example,
20 the catalyst can be provided in the region of the bottom or in the region of the
column. At the same time, however, the reactants should be brought into contact
with the catalyst. In addition, catalysts may be provided in a separate region of
the still, in which case this region is connected to the further regions of the still, for
example the bottom and/or the column. This separate arrangement of the catalyst

25  region is preferred.

This preferred embodiment surprisingly succeeds in increasing the selectivity of
the reaction. In this context, it should be emphasized that the pressure of the
reaction can be adjusted independently of the pressure within the distillation
30 columns. This allows the boiling temperature to be kept low without the reaction

time or the residence time rising correspondingly. In addition, the temperature of



sieve trays, bubble-cap sieve trays, jet trays, centrifugal trays; for a multistage 10 distillation column with
random packings, those such as Raschig rings, Lessing rings, Pall rings, Berl saddles, Intalox saddles;
and, for a multistage distillation column with structured packings, those such as the Mellapak (Sulzer),

Rombopak (KOhni), Montz-Pak (Montz) types and structured packings with catalyst pockets, for example
Kata-Pak. 15 AV§£RA861688Rtmn with combinations38f regions of trays,fé Fégit 84%%6%0% packings or

of regions of structured packings may likewise be used.  The column (3) may be equipped with
internals. The column preferably has.a 20 condenser (12) for condensing the vapour and a bottom
evaporator (16T HIRIRH0 {2 BARH I B reHaB TR af RS BHE 1EE EFR B eete Bfer as
reactor, in vv_hishcatdee_\dt tmedshtalysthis podnuinke@.f Thislyshctor hmyddm:t@iﬂkﬁ:s tﬂﬁme;ﬁmiﬂ_mmtolumn.
However, his eaeifp S rRIRABNAIANSAT AUISIE Mg 7S SOMELGRALE SeRAIaIRRaIagy one of these

preferred embodime eing explained in detail in Figure 1. In order to carry out the transesterification

reaction in a sejsame rédeidngBIeaG pbeaibRe afrRM Yl @ liesetmesREteRoEoraeRtdP YR tRquid phase
flowing 30:dowhavaiele Byemeans ebraRNSCHTRMbIRRasSslRK iRt Wit AsishSdhrlsaam (4). The

position of the callectoy is determined by the concentration profile in the column of the individual
components. ﬁ?@qgo‘?ﬁfgﬁ ion profile can be regulated by means of the temperature and/or the reflux.
The collector is preferably positioned such that the stream conducted out of the column contains both

reactants, morge preferably the reactants in sufficiently high cancentyation 5 and most preferably in a molar
acid:ester ratioﬁ]: iﬁ;'?gl Poréacisg Ir?h aeddﬁloﬂ, aapﬁlxréﬂf(;}// %?%gl)fg&oer’s r%oéy )éamgeﬁde%e;lﬁ) rerl%us points in
the distillation bytliexsisiobwtyictecas datldathe wsiillof rezaddions, Witktraerylbaade, deeexanaplist the molar

ratios.  ,, methacrylic acid, is introduced into the still. The distillation conditions are

preferably configured in such a way that exactly one product is discharged from
the still by distillation, the second product remaining in the bottom and being
removed continuously therefrom. In the case of use of alcohols with a low carbon
number, especially ethanol or methanol, preference is given to withdrawing the
15 alkyl (meth)acrylate from the reaction mixture by distillation. The reactants are
passed cyclically through the catalyst region. This continuously forms alkyl

(meth)acrylate and a-hydroxycarboxylic acid.

A preferred embodiment of a still is shown schematically in Fig. 1. The reactants
20 may be introduced into the distillation column (3) via one common line (1) or
separately via two lines (1) and (2). The reactants are preferably added via
separate lines. The reactants can be fed to the column at the same stage or in

any position.

25  The temperature of the reactants can be adjusted by means of a heat exchanger
in the feed, the units needed for this purpose not being shown in Figure 1. In a
preferred variant, the reactants are metered separately into the column, the lower-
boiling component being metered in below the position for the feeding of the
higher-boiling compound. In this case, the lower-boiling component is preferably

30 added in vaporous form.



10It is additionally possible for a further reactant, for example water, to be metered into the stream
conducted out of the column, in order to adjust the acid/ester product ratio in the cross-transesterification
reaction or to increase the selectivity. The water can be fed from outside via a line (not shown in Figure 1)
or withdrawn from ggghase separator (13). The pressure of the stream SE) enriched with water 15 can then

be increased BY @ ARG Hessure increase (6), & example a pump? G FEE8EORHHE pressure can

reduce or prevent formation of steam in the reactor, for example a fixed bed reactor. This allows uniform
flow through the reactor and wetting of the catalyst partjcles. The stream can he conducted 20 through a
noat exchangdi y ndl S8 oL A Bt I o 20 LA BE F et BPeBoed e
required. It is awlolit cregddy WogskiEyEs adfysbehesester he aciohipeodi depdiating ttegeactied temperature.

The ”anseSteﬁjﬁiéaﬁi%@Jﬁgﬂi%’Hﬁélﬂ% RRCAMMBENS ?r%géyﬂ i {s f@éﬂﬂwﬁ?@rzﬁwée%%é?)of-rhe flow

through the reactor may be downwards or upwards. The reactor output stream (9) comprising the
products and tHEQAFEEAVRIURS 184BRARS LA T AN HBiiFealrYctUrRMRARKIZINE 2ERIPBHENWEIN the reactor

waste stream eaReAipacKRRR the residence time, the catalyst mass, the reaction temperature

Examples of a multistage distillation column with trays include those such as
bubble-cap trays, sieve trays, tunnel-cap trays, valve trays, slot trays, slotted
sieve trays, bubble-cap sieve trays, jet trays, centrifugal trays; for a multistage
10 distillation column with random packings, those such as Raschig rings, Lessing
rings, Pall rings, Berl saddles, Intalox saddles; and, for a multistage distillation
column with structured packings, those such as the Mellapak (Sulzer), Rombopak
(Kahni), Montz-Pak (Montz) types and structured packings with catalyst pockets,
for example Kata-Pak.
15
A distillation column with combinations of regions of trays, of regions of random
packings or of regions of structured packings may likewise be used.

The column (3) may be equipped with internals. The column preferably has a
20 condenser (12) for condensing the vapour and a bottom evaporator (18).

The distillation apparatus preferably has at least one region, known hereinafter as
reactor, in which at least one catalyst is provided. This reactor may be within the
distillation column. However, this reactor is preferably arranged outside the
25 column (3) in a separate region, one of these preferred embodiments being

explained in detail in Figure 1.

In order to carry out the transesterification reaction in a separate reactor (8), it is
possible within the column to collect a portion of the liquid phase flowing
30 downwards by means of a collector and to pass it out of the column as a
substream (4). The position of the collector is determined by the concentration



and the reactant ratio and the amount of water added, is first passed through a 30 heat exchanger (10)
and adjusted to a temperature which is advantageous for the introduction into the distillation column.
Preference is given to setting the temperature which corresponds to the temperature in the distillation
column at the It{)\z)int of introduction of the stream. The position where the stream Ieaviné; the reactor is

returned into tNEQ@SUHPRRRLE lie above or below ti# position for the wiRRdrER209PRE4€ &R tor feed, but

will preferably be above it. Before the recycling into the column, the stream may be decompressed

through a valve %ngléw ich pILeferabﬂi esta .Iishejl\tfhe same E)re ure level tas in the (%?Iumn. In this
context, the diffi of doRAS UB}%fg 'BTy'H '§'gL18 eornb?gggﬂ B s°8&$ﬁé‘dr%t{i°dhpc§ﬂé% tRE advantage
that the boilingb&Orpgirdtedf the meansoné itetdamepseparatenhdie |dveeretiyas Enresoltestevhich the

distillation can [ ; tﬂ%}qﬁr % IchL it sav y and is
more thermall)é? ggé%%eﬁ’?ﬂo&% Igl};%ﬂiagtlggrﬁ co umr‘%jl %3!{8#1% %é@%?t%@&r%ﬁ @%ﬁ’%@aﬁ@@ﬁ%e low 15
boiler, preferaBBifhEcastapiormeteirPtatetrdhsdaee rgraifots i rewtisenthidiak «pcentalietilation column

is preferably opgéptagstusizidiabihavatenaddedidraiearntef the sxetbbed reagtosdaitisawise removed as
the top product. The vaporous stream drawn off at the top is condense%lﬂattaﬁﬁndense 12) and then

separated in aPEIME ESPHESHRARR SRV RS A A RS AP SR HEPEPHALE. The
agqueous phasi eandhecdise teegeddonthef weadtaptsisvitherne (4&) be netadedajlgtdhpantyaback into the
reaction via Iirgaa (17). The stream of the ester-containing phase can be conducted via line (14) partly as
reflux (16) to the column or discharged partly from the still. The high boiler, preferably the acid formed in
the cross-transesterification, is discharged from the column (19) as a 25 bottom stream. The

a-hydroxygarb@xylicoanidriiadisrmdng reasdieredefaxamnisivgieippietyficaciletsddpe dehydrated
in a known manner in a further %trﬁ) E). In general, the a—h%/d,rox carboxylic acid, for example the

a-hydroxyisob{fiftid S0 KRATS FRAAHEIGY (RELPEJBRCPMTTEPIRE et rasdFHRY of alkali

product ratio in the cross-transesterification reaction or to increase the selectivity.
The water can be fed from outside via a line (not shown in Figure 1) or withdrawn
from a phase separator (13). The pressure of the stream (5) enriched with water

15 can then be increased by a means for pressure increase (6), for example a pump.

An increase in the pressure can reduce or prevent formation of steam in the
reactor, for example a fixed bed reactor. This allows uniform flow through the
reactor and wetting of the catalyst particles. The stream can be conducted
20 through a heat exchanger (7) and the reaction temperature adjusted. The stream
can be heated or cooled as required. It is additionally possible to adjust the ester

to acid product ratio via the reaction temperature.

The transesterification reaction takes place over the catalyst in the fixed bed
25 reactor (8). The flow through the reactor may be downwards or upwards. The
reactor output stream (9) comprising the products and the unconverted reactants
to a certain degree, the content of the components in the reactor waste stream
depending upon the residence time, the catalyst mass, the reaction temperature
and the reactant ratio and the amount of water added, is first passed through a
30 heat exchanger (10) and adjusted to a temperature which is advantageous for the

introduction into the distillation column. Preference is given to setting the



metal and/or alkaline earth metal salts, to temperatures in the range from 160-300C, more preferably in
the range from 200 to 240C, generally to obtain the (meth)acrylic acid and water. The suitable metal salts
include sodium hydroxide, potassium hydroxide, calcium hydroxide, barium hydroxide, magnesium
hydroxide, sodium sulphite, sodium carbonate, potassium carbonate, 5 strontium carbonate, magnesium

carbonate, sod[hANEAPRPRAR, sodium acetate, pot#sium acetate and™SoHiGRPAMR/ARIFE phosphate.

The dehydration of the a-hydroxycarboxylic acid can be performed preferably at a pressure in the range
from 0.05 bar to 2.5 bar, more preferably in the range from 100,1 bar to 1 bar. The dehydration of

o oy cart ISR A 1SR YO S AT o PPBREIATS 7545 SB PR MG AEIONe acid thus
obtained can ipduntrobanuisddaimprefjpheesiteghfmeth)acrylates. In addition, (meth)acrylic acid is a
commercial product. Surprisingly, the process for preparing alkyl (meth)acrylates can accordingly likewise

serve to prepare (meth)acrylic acid, in which case the product ratio of alkyl (meth)acrylates to
(meth)acrylic adig ERaHRNrehErEEe SR biERYENICBEHEaRtPAIRD FEBIRACPR PR GRAHBBIRAHication of the

alkylba-hyc&rqgneawﬁlaie @él@(ﬁrtli?é! %@sf@ﬁ%ﬂ ﬂ%n?/ﬂm\ﬁal'_r b€ tﬂ@f%é@t@c%\édi,nggpm;a inver;gpn
can pe consiaered a omponent step of a process 10r preparin olymers or 10r proaucing moulidin
e onials anl BES 15T Nob RN e A S0 ik CHE T RTE 1R e WA, B prosomt
@nvent?on are Idkmmimmsedaﬂddugbnﬁvaalvé h(e_ (menhl)ahr)paettesaﬂj_y/aiealamii;memcmEiaBmeeNith the
Invention, esp fé%'é%#@‘?é@%’l TETRARL AR MRIG i M RIGPHE LML RERTSERIGR: 5RPPR fPNverted to

30polymers by free-radical means.
has a lower pressure. This configuration offers the advantage that the boiling

10 points of the components to be separated are lowered, as a result of which the
distillation can be carried out at a lower temperature level, as a result of which it

saves energy and is more thermally gentle.

In the distillation column (3), the product mixture is then separated. The low
15 boiler, preferably the ester formed in the transesterification, is removed via the
top. The distillation column is preferably operated such that the water added
upstream of the fixed bed reactor is likewise removed as the top product. The
vaporous stream drawn off at the top is condensed in a condenser (12) and then
separated in a decanter (13) into the aqueous phase and product ester-containing
20 phase. The aqueous phase can be discharged to the workup via the line (15) or
returned fully or partly back into the reaction via line (17). The stream of the ester-
containing phase can be conducted via line (14) partly as reflux (16) to the
column or discharged partly from the still. The high boiler, preferably the acid
formed in the cross-transesterification, is discharged from the column (19) as a

25  bottom stream.

The a-hydroxycarboxylic acid obtained from the reaction, for example
hydroisobutyric acid, can be dehydrated in a known manner in a further step E).
In general, the a-hydroxycarboxylic acid, for example the a-hydroxyisobutyric
30 acid, is heated in the presence of at least one metal salt, for example of alkali

metal and/or alkaline earth metal salts, to temperatures in the range from



These polymers are generally obtained by free-radical polymerization of mixtures which comprise methyl
methacrylate. In general, these mixtures contain at least 40% by weight, preferably at least 60% by
weight and more preferably at least 80% by weight, based on the weight of the monomers, of methyl
methacrylate. 5In addition, these mixtures may comprise further (meth)acé%lates &(P)%ol merizable with

I

methyl methacfag0 HRESR8R ssion "(meth)acrylaté€" embraces methdcryI4zES &es and

mixtures of the two. These monomers are widely known. They include (meth)acrylates which derive from

saturated alcoh xample methy| acrylgte, ethyl (meth)acrylage, pyl .
o(methacryiatS TR yn TRt b 5t AR O A0Cp 1 S RE A uRE S Bty ey
(meth)acrylateth@netmdtoadatis \abidhatetiweaterm Tinsatuitdele afcetadssdits exaligide sogiymeth)acrylate,
2-propynyl (m viate, l.(meth) iny )a : aryl cryl .such as benzyl
(meth)acrylate%g?gﬁ[gﬂn%l is’?riﬁ%t %@%ﬁwg@’?ﬁé’% _thé%@éﬁadﬂ%@%ﬁ ea({g%?@gﬁng{ li?t?tlt?t%’d orupto
tetrasubstitute MASRSHIRY NIHOX Gige SPsETIRIHRNES 3O/ By eRPRRGIgnROIFRt g iRk,
(meth)acryatestryshiony afsbiiariinsiiisdrRenstEid %29 St pBsARYh e HaRGh attate,

3,4-dihydroxybutyl (meth)acrylate, , ,
y y po%ésgpum ;cetgte and sodium dihydrogenphosphate.
The dehydration of the a-hydroxycarboxylic acid can be performed preferably at a
pressure in the range from 0.05 bar to 2.5 bar, more preferably in the range from
10 0.1 barto 1 bar.

The dehydration of a-hydroxycarboxylic acids is described, for example, in
DE-A-176 82 53.

15 The (meth)acrylic acid thus obtained can in turn be used to prepare alkyl
(meth)acrylates. In addition, (meth)acrylic acid is a commercial product.
Surprisingly, the process for preparing alkyl (meth)acrylates can accordingly
likewise serve to prepare (meth)acrylic acid, in which case the product ratio of
alkyl (meth)acrylates to (meth)acrylic acid can be regulated easily by the

20  concentration of water in the transesterification of the alkyl a-hydroxycarboxylate

and/or by the reaction temperature.

The process according to the invention can be considered as a component step
of a process for preparing polymers or for producing moulding materials and
25  polymer mouldings, and so these processes which are performed using the

present invention are likewise novel and inventive.

The (meth)acrylates obtainable in accordance with the invention, especially
methyl methacrylate which is to be prepared with preference, can be converted to
30  polymers by free-radical means.



2-hydroxyethyl (meth)acrylate, 2-hydroxypropyl (meth)acrylate; glycol di(meth)acrylates such as
1,4-butanediol (meth)acrylate, (meth)acrylates of ether alcohols, such as 25tetrahydrofurfuryl
(meth)acrylate, vinyloxyethoxyethyl (meth)acrylate; amides and nitriles of (meth)acrylic acid, such as
N-(3-dimethylamino rop&meth)acrylamide, N-(diethylphosphono)(meth)acrylamide,

abs8) e 3

1-methacryloyiHi R¥R2-propanol; 30sulphwcontaining methadrAates 200p/@R4279
ethylsulphinylethyl (meth)acrylate, 4-th iocyanatobutyl (meth)acrylate, ethylsulphonylethyl (meth)acrylate,

thiocyanatom IEHI meth)acrylate, Smethylsulphinylmeth I(met%icr late, bis met{gﬁac loyloxyethyl)
Sulphide. poly L EoREITE e R L T Bt D FDFEeh TR Rl res

which comprise methyl methacrylate. In general, these mixtures contain at least

40% by weight, preferably at least 60% by weight and more preferably at least

80% by weight, based on the weight of the monomers, of methyl methacrylate.

5 In addition, these mixtures may comprise further (meth)acrylates copolymerizable
with  methyl methacrylate. The expression “(meth)acrylates” embraces
methacrylates and acrylates and mixtures of the two.

These monomers are widely known. They include (meth)acrylates which derive

from saturated alcohols, for example methyl acrylate, ethyl (meth)acrylate, propyl
10 meth)acrylate, n-butyl (meth)acrylate, tert-butyl (meth)acrylate, pentyl
meth)acrylate and 2-ethylhexyl (meth)acrylate;

meth)acrylates which derive from unsaturated alcohols, for example oleyl

meth)acrylate; aryl (meth)acrylates such as benzyl (meth)acrylate or phenyl

(
(meth)
(meth)
(meth)acrylate, 2-propynyl (meth)acrylate, allyl (meth)acrylate, vinyl
(meth)
15

meth)acrylate, where the aryl radicals may each be unsubstituted or up to

tetrasubstituted;

cycloalkyl (meth)acrylates such as 3-vinylcyclohexyl (meth)acrylate, bornyl

(meth)acrylate;

hydroxyalkyl (meth)acrylates such as

20  3-hydroxypropyl (meth)acrylate,
3,4-dihydroxybutyl (meth)acrylate,
2-hydroxyethyl (meth)acrylate, 2-hydroxypropyl (meth)acrylate;
glycol di(meth)acrylates such as 1,4-butanediol (meth)acrylate,
(meth)acrylates of ether alcohols, such as

25  tetrahydrofurfuryl (meth)acrylate, vinyloxyethoxyethyl (meth)acrylate;
amides and nitriles of (meth)acrylic acid, such as
N-(8-dimethylaminopropyl)(meth)acrylamide,
N-(diethylphosphono)(meth)acrylamide,
1-methacryloylamido-2-methyl-2-propanol;

30 sulphur-containing methacrylates such as



In addition to the (meth)acrylates detailed above, the compositions to be polymerized may also comprise
further unsaturated monomers which are copolymerizable with methyl methacrylate and the
aforementioned (meth)acrylates. These include 1-alkenes such as hexene-1, heptene-1; branched
alkenes, for example vinylcyclohexane, 3,3-dimethy1-1-propene, 3-methyl-1-diisobutylene,
4-ismethylpenf6’r%2ﬂ19é%ﬁmne; vinyl esters such 82 vinyl acetate; sty &Q,E?&%Qﬂé@ﬂl?g@renes with an
alkyl substituent in the side chain, for example a-methylstyrene and a-ethylstyrene, substituted styrenes

with an alkyl substituent on the ring, such as vinyltoluene and p-methylstyrene, halogenated 20styrenes,
for example m8&“81ﬁ1ﬂf5’?8 f@? Wéé?%@ﬁ%@menes, tribromostyrenes and tetrabromostyrenes;
heterocyclic vidythcmygmaindstgucheds) 2ewiatpyridine, 3-vinylpyridine, 2-methy1-5- vinylpyridine,
3-ethyl-4-vinylpyridli imethvliRyinyiRyidine, vinylpyrimidine,
vinylpiperidineggﬁ\ﬁ%%ﬁéa@t@%gﬁ,ﬁB%%y%ﬁg%e,4-vinylcarbazole, 251-vinylimidazole,
2-methyl-1-vinfliRfRDIRMRIWh(MSINARBIEE. 2-vinyIpyrrolidone, N-vinylpyrrolidine, 3-vinylpyrrolidine,
N-vinylcapyolagiaiiyIBliVRyNIHSERACHEMm eyl BrervE kg owdxydon Remsiyiylthiolane,
vinylthiazoles an%h\ﬁ?éogggfted inélltr]iazoles vinyloxazoles and hydrogenated vinyloxazoles; vinyl and
isoprenyl etheRAIYHREAIRRE HALIREMRET SR blemaleicanhydride,

trimethylolpropane tri(meth)acrylate.

In addition to the (meth)acrylates detailed above, the compositions to be

polymerized may also comprise further unsaturated monomers which are
10 copolymerizable with methyl methacrylate and the aforementioned

(meth)acrylates.

These include 1-alkenes such as hexene-1, heptene-1; branched alkenes, for
example vinylcyclohexane, 3,3-dimethyl-1-propene, 3-methyl-1-diisobutylene, 4-
15 methylpentene-1;
acrylonitrile; vinyl esters such as vinyl acetate;
styrene, substituted styrenes with an alkyl substituent in the side chain, for
example a-methylstyrene and a-ethylstyrene, substituted styrenes with an alkyl
substituent on the ring, such as vinyltoluene and p-methylstyrene, halogenated
20 styrenes, for example monochlorostyrenes, dichlorostyrenes, tribromostyrenes
and tetrabromostyrenes;
heterocyclic vinyl compounds such as 2-vinylpyridine, 3-vinylpyridine, 2-methyl-5-
vinylpyridine, 3-ethyl-4-vinylpyridine, 2,3-dimethyl-5-vinylpyridine, vinylpyrimidine,
vinylpiperidine, 9-vinylcarbazole, 3-vinylcarbazole, 4-vinylcarbazole,
25 1-vinylimidazole, 2-methyl-1-vinylimidazole, N-vinylpyrrolidone, 2-vinylpyrrolidone,
N-vinylpyrrolidine, 3-vinylpyrrolidine, N-vinylcaprolactam, N-vinylbutyrolactam,
vinyloxolane, vinylfuran, vinylthiophene, vinylthiolane, vinylthiazoles and
hydrogenated vinylthiazoles, vinyloxazoles and hydrogenated vinyloxazoles;
vinyl and isoprenyl ethers;
30 maleic acid derivatives, for example maleic anhydride,

methylmaleic anhydride, maleimide, methylmaleimide; and dienes, for example



methylmaleic anhydride, maleimide, methylmaleimide; and dienes, for example divinylbenzene. In
general, these comonomers are used in an amount of 0% by weight to 60% by weight, preferably 0% by
weight to 40% by weight and more preferably 0% by weight to 20% by weight, based on the weight of the

monomers, the compounds 5being useable individually or as a mixture. The %ggmerization is generally
initiated with kROWRYIEE0RERE initiators. The prefeffd initiators includ& thea260AR884=2 Ridely known

in the technical field, such as AIBN and 1,1-azobiscyclohexanecarbonitrile, and peroxy compounds 10
such as methyl eth %ketone peroxide, acetylacetone peroxide, dilauryl peroxide, tert-butyl
per-2-ethylhex%1'¥'(5‘gi CREW e peroxide, methyl isobutyl ketone peroxide, cyclohexanone peroxide,
dibenzoyl perdrigentzetkibid eeooxghemessa e ctesebLity Bpexmorisb pf @iyl barvergdtieto 60% by
2,5-bis(2-ethy o] -2.5-01 : ofeft- -2 I tert-butyl
peroxy-3.5.5. 1 D T e o oo g
1,1-bis(tert-buWaiehbig R &s by tigightyR3agE X e Waighé 8é tfe lRSrCOMPPUYEPoperoxide,

bis(4-tert-Butylsyrigheswb iBerexydicaKpenaéen Mixtues of two or more of the aforementioned compounds
with one another and mixtures of the aforementioned compounds with unspecified compounds which can

likewise form free radicals. 20 These compounds are frequently used in an amount of 0.01% by weight to
10% by weighfl hpr epetpiblyrizb0ds/6d geneigliy tinBRtdry withg ktydvasdrbendtiealergidtofshdimeonomers. 25

The polymerizgfign, can RIIFSAP M AEREHFY LSS RiSIORARI RABWRS KAReLai &1tHaid 20t

such as AIBN and 1,1-azobiscyclohexanecarbonitrile, and peroxy compounds

10 such as methyl ethyl ketone peroxide, acetylacetone peroxide, dilauryl peroxide,
tert-butyl per-2-ethylhexanoate, ketone peroxide, methyl isobutyl ketone peroxide,
cyclohexanone peroxide, dibenzoyl peroxide, tert-butyl peroxybenzoate, tert-butyl
peroxyisopropylcarbonate,  2,5-bis(2-ethylhexanoylperoxy)-2,5-dimethylhexane,
tert-butyl peroxy-2-ethylhexanoate, tert-butyl peroxy-3,5,5-trimethylhexanoate,

15 dicumyl peroxide, 1,1-bis(tert-butylperoxy)cyclohexane, 1,1-bis(tert-butylperoxy)-
3,3,5-trimethylcyclohexane, cumene hydroperoxide, tert-butyl hydroperoxide,
bis(4-tert-butylcyclohexyl) peroxydicarbonate, mixtures of two or more of the
aforementioned compounds with one another and mixtures of the aforementioned
compounds with unspecified compounds which can likewise form free radicals.

20
These compounds are frequently used in an amount of 0.01% by weight to 10%
by weight, preferably of 0.5% by weight to 3% by weight, based on the weight of

the monomers.

25  The polymerization can preferably be performed at a temperature in the range
from 20°C to 120°C.

The preparation of the (meth)acrylate homo- and/or copolymers from
(meth)acrylates by the various methods of free-radical polymerization is known
30 per se. For instance, the polymers can be prepared in bulk, solution, suspension

or emulsion polymerization. Bulk polymerization is described, by way of example,



The preparation of the (meth)acrylate homo- and/or copolymers from (meth)acrylates by the various
methods of free-radical polymerization is known 30per se. For instance, the polymers can be prepared in
bulk, solution, suspension or emulsion polymerization. Bulk polymerization is described, by way of

example, in Houben-Weyl, Volume E20, part 2 (1987), p. 1145ff. Valuable information regarding solution
polymerization¥Q294 $887P%9 that same publicatioft bit p. 1156ff. DetailRof fRBXAHERHP

polymerization technique can be found in that same publication at p. 1149ff., while emulsion
polymerization is detailed and 5explained in that sam lication . 1150ff. The, polymers detailed
above can esﬂ@caﬁﬁﬁb U@géf Ito%f) %E@OUP&ﬁénQ%fals Bvr%éﬁ%:ﬁfay%@ﬁc%lﬁy '@6&5%@8%5 well as the
polymers, additgaesdifty escmtiple polyraerizapaymears,der xachpie thetakignpeypeblisatibvi stabilizers or 10

ilers. The progojyeaaest Adivesenensis AN HenisadschARRIRALEN Bad Iy iprafore be witin

a wide range. This proportion, if additives are pr t, may pretera e 0 to 30% by weight, more

preferably 0.1 $8™% Byblicaiian PhaPpiditPfed WIS dRpUR e rROY BIRIIZBI0Mdss delrilss RBEessed to

mouldingss15 BygRaaisipfeasiamayupridintatsthedssifor example injection moulding or extrusion, and
the present invention likewise provides processes for producing mouldings, said processes being

performed using polymers which have been obtained by a process according to the invention. 20In
addition, the alkiy¢ (petmecsyldétsi)ests pamaly caethgdpeethibcrpatesadich paveudseemobtdimgd by means

of a process a ' invent >0 to_pr C e efs obtained by
the casting chmég,rgﬁ%é&ﬂ%ﬁh@\g ;%%mlggﬁﬁgﬁ’m%l%ggmﬁé%%%%#ére?o@g ex ’it?trdifferent
mechanical préyemiels feerrasheignpistitel P rnosis saplalippiaaentshdlV stabilizers or

10 fillers. The proportion of these additives depends on the intended application and

may therefore be within a wide range. This proportion, if additives are present,

may preferably be 0 to 30% by weight, more preferably 0.1 to 5% by weight.

The preferred moulding materials and polymers can be processed to mouldings

15 by means of customary moulding methods, for example injection moulding or
extrusion, and the present invention likewise provides processes for producing
mouldings, said processes being performed using polymers which have been
obtained by a process according to the invention.

20 In addition, the alkyl (meth)acrylates, especially methyl methacrylate, which have
been obtained by means of a process according to the invention can be used to
produce cast glass. These polymers obtained by the casting chamber method
have a particularly high molecular weight and therefore exhibit different
mechanical properties from the thermoplastically processable polymers. The

25 present invention likewise provides processes for producing these mouldings,
said processes being performed using (meth)acrylates which have been obtained
according to the present process.

The present invention will be illustrated in detail hereinafter with reference to an

30 example.



25 present invention likewise provides processes for producing these mouldings, said processes being
performed using (meth)acrylates which have been obtained according to the present process. Example 1
A mixture comprising 1 mol of HCN, 2.5 mol of acetone and 200 ppm of Li20 was prepared and converted
at 20t until equilibrium was established. The resulting 5 reaction mixture comsgrised 47.7% by weight of

acetone cyanoffdrA EHBESPZd, by weight of acetorf@ The HCN contert WhERRUOHRREVS0 ppm. A

mixture of this composition was transferred continuously to a hydrolysis reactor, in which 38.6% by weight
of water were added. In the course of this, the HCN 10content remained essentially unchanged. The
water was ad @B?Prﬁy%rom a reflux, which was obtained from the bottom in a purification of the reaction
mixture after the hydrolysis of the acetone cyanohydrin. The hydrolysis was performed using an Mn02

catalyst, WhiCWﬁ&ﬁQ'%i%ﬁ%Sﬁ&Pﬁ@W L“é'?ﬁo%@%&ﬁw8faWé)2%BO¢%{916&r8|?izo/Wa§’as used to

stabilize the catalyst, as in Example 1 of the publication WO 2008 61822.Z|'he§ pH was 9.0.
The carboxamiiePaEesrartbeeavpaatabsfdmyntih arst ity MR Kejrklishethe PG saR¥EAMIxture

obtained aJu;r F@gchb!ﬁfMW§eWﬁ%&$ﬁWWW@ZWf%ﬂ%@h€ @@ﬁgﬁﬁ?&ﬁ@ rz?rﬁci@‘_? .%@/o(bottong

temperature) and a pressure of 0.4 _bar. The top product comprisi % by weight of water, 43% by

weight of acetHaT IO S EGF TTE 6B OGaHFe BB V50 i ght of HN was purifed
A mixture of this composition was transferred continuously to a hydrolysis reactor,

in which 38.6% by weight of water were added. In the course of this, the HCN

10 content remained essentially unchanged.

The water was added partly from a reflux, which was obtained from the bottom in
a purification of the reaction mixture after the hydrolysis of the acetone
cyanohydrin. The hydrolysis was performed using an MnO, catalyst, which is

15 explained in detail especially in the examples of WO 2008/061822. Air was used
to stabilize the catalyst, as described in Example 1 of the publication
WO 2008/061822. The pH was 9.0.

The carboxamide was removed via the bottom in a first distillation step from the
20  reaction mixture obtained after the hydrolysis, and this distillation was performed

at a temperature of 175°C (bottom temperature) and a pressure of 0.4 bar.

The top product comprising 52% by weight of water, 43% by weight of acetone,
4.8% by weight of acetone cyanohydrin and 0.2% by weight of HCN was purified

25  continuously by means of a distillation column with internals, by adding a stream
of 1.2 kg/h. 0.3 kg of acetone was supplied via the reflux of the column, so as to
achieve a high separating performance. The distillation system had an unlimited
service life, i.e. no decrease in the separating performance was found in 60 days.
No HCN could be detected in the bottom product. The top product comprised

30 86% by weight of acetone, 5.8% by weight of acetone cyanohydrin, 0.2% by
weight of HCN and 8% by weight of water.



25 continuously by means of a distillation column with internals, by adding a stream of 1.2 kg/h. 0.3 kg of
acetone was supplied via the reflux of the column, so as to achieve a high separating performance. The
distillation system had an unlimited service life, i.e. no decrease in the separating performance was found
in 60 days. No HCN could be detected in the bottom product. The top product comprised 30 86% by
weight of acet¥h, 20896083978 ght of acetone cyandhdrin, 0.2% by weldht 6 PRERPARIBIS by weight of
water. The service life of the catalyst was more than 60 days, the service life of the catalyst being defined
as the time until the level of conversion falls below 50% of the starting level of conversion. Claims 1.
Process for preparing a carboxamide from a carbonyl compound and hydrogen cyanide, comprising the
steps of 5A)readtengeavice ddaybddnepoataty stithdsy droge theya filtidapspritpaseraibg difexptdhsonitrile,
B)hydro'ys'”9EE%@%‘E’?&X@:&B?H%‘#‘%%@'&\%@ 'ﬁhﬁﬁ%bl}éff%? ﬁ§8&?&ﬂ£ﬂ‘s°8‘é?&%?‘]s6%’tﬂ“s'”9
manganese dioxidé, characterized in that a molar excess of carbonyl compound in relation to the
hydrogen cyariitfestngdersR i theneieitdh of the carbonyl compound with hydrogen cyanide in step A),
and the reaction mixture obtained in step A) is not purified by distillation before the hydrolysis in step B) is
performed. 2. Process according to Claim 1, characterized in that the molar ratio of



15carbonyl compound to hydrogen cyanide is in the range from 1.1:1 to 7:1. 3. Process according to
Claim 2, characterized in that the molar ratio of carbonyl compound to hydrogen cyanide is in the range
from 1.5:1 to 5:1. 204.Process according to at least one of the preceding claims, characterized in that the
reaction mixture obtained after step B) is purified by a two-stage distillation. 5. Process according to Claim

4, characterizol ®2AA0E3R%lting 25carboxamidedd separated from PR INAIEEBA%orises water,

carbonyl compound and hydroxycarbonitrile and/or hydrogen cyanide, and this mixture is purified in a

further dlstlllatgg step, wherein the carbonyl compound and the hydrogen cyanide are withdrawn via the
top and the wa V12 the bottom of the still. 30 6. Process according to Claim 4, characterized in that the
resulting carboxamide and water are separated from a mixture which comprises carbonyl compound and

hydroxycarbonytrile gpouor yds EQrﬁY@Q'QSr%Q%Mféée{rb?ﬁQ%%%%l oh gﬁﬁHE'%ﬂ&arboxam'de na

further distillation step. 57.Process according to Claim 6, characterize at the carboxamide is
separated from Wat@YdFPQqﬂlﬂY@Mé% 69&15’(5'|%ﬂgé%ﬁ§@ﬁt%tlon 8. Process according to at least one of

Claims 4 tg 7, charagterlzegbgbmgt@@msgaﬁwhmww&ggéhgwm SRpRRUAd used in step
A) is 10introduced Y1|a the refI%x mtq a still used to separate water and hydrogen
ydroxycarbonitr
B) hydrolysing the hydroxycarbonitrile obtained in step A) in the
presence of a catalyst comprising manganese dioxide, characterized in that
a molar excess of carbonyl compound in relation to the hydrogen cyanide is
10 used for the reaction of the carbonyl compound with hydrogen cyanide in
step A), and the reaction mixture obtained in step A) is not purified by

distillation before the hydrolysis in step B) is performed.

2.  Process according to Claim 1, characterized in that the molar ratio of

15 carbonyl compound to hydrogen cyanide is in the range from 1.1:1 to 7:1.

3.  Process according to Claim 2, characterized in that the molar ratio of

carbonyl compound to hydrogen cyanide is in the range from 1.5:1 to 5:1.

20 4. Process according to at least one of the preceding claims, characterized in
that the reaction mixture obtained after step B) is purified by a two-stage

distillation.

5.  Process according to Claim 4, characterized in that the resulting
25 carboxamide is separated from a mixture which comprises water, carbonyl
compound and hydroxycarbonitrile and/or hydrogen cyanide, and this
mixture is purified in a further distillation step, wherein the carbonyl
compound and the hydrogen cyanide are withdrawn via the top and the
water via the bottom of the still.
30

6. Process according to Claim 4, characterized in that the resulting



cyanide, the composition introduced into the reflux having a lower proportion of HCN than the composition
withdrawn via the top of the still. 9. Process according to Claim 8, characterized in that the amount of
carbonyl 15compound added is selected such that it is sufficient to prepare the amount of

hydroxycarbonitrile envisaged in step A). 10. Process according to at least one of Claims 4 to 9,
characterized W@@Pir%‘)@gﬁ%yl compound obtainé® by the purificatiol (s UsEZHRYIZEa

20hydroxycarbonitrile in step A). 11. Process according to at least one of Claims 4 to 10, characterized in
that the water obtaine%tb the§urificati nis used for hﬁlrol sis of the gﬁro?camonitrile in step B). 25
12. Process accordﬁ% 3{71@ s?%(riuév% h%r%lsee(p&ﬁmﬁ Hmd EHXAE S %QZI RHRAERR carbonyl
compound used in stepRyisangune 48d Ryocesgaduoriliig dodibidgsirogencfitaeiqeearding claims,
characterized in 30{patihe & ﬁﬁ%@@fr@ﬁj&%ﬂ)ﬂ#&?88kﬁ}ﬂi&é% YRk g Frﬁfmlﬁ A5 Qgpepare a

hydroxycarbonitrile in step A)'Is performed at a temperature In the range fro to 50C. 14. Process
according to at least one of the preceding claims, characterized in that the reaction of a carbonyl

compoundswithy hydregess s yridisielit REeDRifh T2 dyshsaasanithle iRstapodXimrgsirrmed at a pressure

in the range from 0.3 bar toé% bar. 15, Process ?Ccording to at least one of the preceding claims,
characterized in _ SeParated from water in a multistage evaporative concentration.

8. Process according to at least one of Claims 4 to 7, characterized in that a
composition which comprises the carbonyl compound used in step A) is
10 introduced via the reflux into a still used to separate water and hydrogen
cyanide, the composition introduced into the reflux having a lower proportion

of HCN than the composition withdrawn via the top of the still.

9. Process according to Claim 8, characterized in that the amount of carbonyl
15 compound added is selected such that it is sufficient to prepare the amount

of hydroxycarbonitrile envisaged in step A).

10. Process according to at least one of Claims 4 to 9, characterized in that the
carbonyl compound obtained by the purification is used to prepare a
20 hydroxycarbonitrile in step A).

11. Process according to at least one of Claims 4 to 10, characterized in that the
water obtained by the purification is used for hydrolysis of the
hydroxycarbonitrile in step B).

25
12. Process according to at least one of the preceding claims, characterized in

that the carbonyl compound used in step A) is acetone.

13. Process according to at least one of the preceding claims, characterized in
30 that the reaction of a carbonyl compound with hydrogen cyanide to prepare

a hydroxycarbonitrile in step A) is performed at a temperature in the range



that the reaction mixture added to the catalyst comprising manganese 10dioxide in step B) has a pH in
the range from 6.0 to 11.0 and the hydrolysis is performed in the presence of an oxidizing agent. 16.
Process according to Claim 15, characterized in that the pH is adjusted by additions of hydroxides or
oxides. 15 17. Process according to Claim 16, characterized in that the addition to adjust the pH is

undertaken in YO c8UI¥E3%3€@ction of a carbonyl cdfpound with hydrdgeh/&08/#642éBare a

hydroxycarbonitrile in step A). 2018. Process according to at least one of the preceding claims,

characterized in th
at least one of the

Echice

is performed in the presence of lithium ions. 19. Process according to
S, characterized in that the molar ratio of water to hydroxycarbonitrile in

the hydrolysis in step B) 25is in the range of 0.5:1-25:1. 20. Process according to at least one of the

preceding claifg, Cﬁﬁg@gggrgc%%r;&

the range from 10 t

o0 150C. 30 that

r’i@%%@%ﬁr&%& (RATHEBIR RN AIIQLIRRICRY i temperature in

he ysis reaction is performed at a pressure in the range from

0.1 bar to 10 bar. thabthertracdio Rl 3Rt ERRMN PRIETR) WER NS aanr ¥R &RFPRRIEa process 5 for

preparing a carboxamigedigoheathrnyl SRMRYUNPtihydRaeprexanidenaseorshag toat least one of
Claims 1to 20 is peorfgrbmeg ig E)haer
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19.

20.

21.

ar 1o

Process accordi

course of the process for preparing alkyl (meth)acrylates.

ng to at least one of the preceding claims, characterized in

that the reaction mixture added to the catalyst comprising manganese

dioxide in step B) has a pH in the range from 6.0 to 11.0 and the hydrolysis

is performed in the presence of an oxidizing agent.

Process accordi

ng to Claim 15, characterized in that the pH is adjusted by

additions of hydroxides or oxides.

Process accordi

ng to Claim 16, characterized in that the addition to adjust

the pH is undertaken in the course of reaction of a carbonyl compound with

hydrogen cyanide to prepare a hydroxycarbonitrile in step A).

Process accordi

ng to at least one of the preceding claims, characterized in

that the hydrolysis is performed in the presence of lithium ions.

Process accordi

ng to at least one of the preceding claims, characterized in

that the molar ratio of water to hydroxycarbonitrile in the hydrolysis in step B)

is in the range of 0.5:1-25:1.

Process accordi

ng to at least one of the preceding claims, characterized in

that the hydrolysis reaction in step B) is performed at a temperature in the

range from 10 to 150°C.

Process accordi

ng to at least one of the preceding claims, characterized in



23. Process according to Claim 22, characterized in that methyl methacrylate is 10prepared. 24. Process
for preparing polymers, characterized in that an alkyl (meth)acrylate according to Claim 22 or 23 is used.
1525. Process according to Claim 24, characterized in that the polymerization is performed at a
temperature in the range from 20C to 120C. 26. Process for producing a moulding material, characterized

in that a polym&a@Rd eS8 Claim 24 or 25 is used?20 27. Process fof BrdBHEGRSIIAIAE mouldings,

characterized in that an alkyl (meth)acrylate according to Claim 22 or 23 or a moulding material according

to Claim 26 i d . . :
0 Liaim co1s Use that the hydrolysis reaction is performed at a pressure in the range from

0.1 bar to 10 bar.

22. Process for preparing alkyl (meth)acrylates, characterized in that a process
5 for preparing a carboxamide from a carbonyl compound and hydrogen
cyanide according to at least one of Claims 1 to 20 is performed in the
course of the process for preparing alkyl (meth)acrylates.

23. Process according to Claim 22, characterized in that methyl methacrylate is

10 prepared.

24. Process for preparing polymers, characterized in that an alkyl (meth)acrylate

according to Claim 22 or 23 is used.

15 25. Process according to Claim 24, characterized in that the polymerization is

performed at a temperature in the range from 20°C to 120°C.

26. Process for producing a moulding material, characterized in that a polymer
according to Claim 24 or 25 is used.
20
27. Process for producing polymer mouldings, characterized in that an alkyl
(meth)acrylate according to Claim 22 or 23 or a moulding material according

to Claim 26 is used.



