WO 2009/ 130075- 1 - PCT/ EP2009/ 052239 Catal yst for reacting carboxylic acid
nitriles The present invention relates to a catalyst for preparing

car boxam des by reacting carbonitriles with 5 water. The present invention
further rel e oo /a3pnocess for prqparing t hese cad@lysticoo /e preparati on
of carboxam des by the reaction of carbonitriles with water in the presence
of a catalyst 10 conprising nmanganese di oxi de has been prior art for sone
time. Carboxam des are frequently required as_internediates_in industry.

For exanpl e, a-hGaF8 yFEobaryFrearadnfafasbrirylis préfaratrdlfisicrylic acid
or nethacrylic esters, especially nethyl nethacrylate. 15 As an
illustrative exanple of many docunents, _reference is made to the

publ i cation BE 15§55 DE- 15YB3RT deSTrb8E atfr ofess 3Gt ¥ldr of 9%i ng
nitriles topappdesnw tdutihexahdded engaseses ti oxiad®oninrdhiech wiehds up 20
to nDrefghanagg%)ha¥Eebee9 ggg'ev§g g%%?ogliggaghgrni£é'égg. Thi s %rocess
af f ords goog'ylerds coup?eﬁ WTh a ng rate. Wwever, “di sa vaﬁ?ag s are
the | ow serpiceebif Ecandrehermechahiecal cstabivkicey of the catalyst. In
continuous processes, production therefore has to be 25 stopped after a
short tine to exchange the catalyst. This operation is associated with very
hi gh costs, Thie PropredtvPRy of tIvevramldedr dvesshbei Agafbheredoby t he
stoppage. 30aFBenpatentsJRi@YLAARGSE descrhbeprbhenprepar at i on-of yact i ve

8- manganese di oxide and defines its act'vi#é via the si,ze of the_surface
area. Tie cAPEPYLEIUEs P BEIHET it B Mi%i 185%a RRFY MR actf¥i t§°T However
t he above- deswei betinpr obt@nmokahbdeseraree fréquextbsys heei 3bdtaxs This is

especially ysts i ve arti rly, hi surface area.
WD 2009/ 130%)]5@-&‘3@?%%#%5‘509%@%g%@hyﬁoﬁ%?%%%hy %H%%%’%%%% al r eady
been made. Fervesmnpte mahe s¢gvenehe BFR GRY 4l MeAhadeydriichegcifie dwydrol ysis
of a-hydroxygcanbopiiil escipst hes é§§§ﬂ$$ HétﬁgﬂgﬁééﬁchyPétQ? catal ysts
whi ch have a high content 5 of alkali metals. By virtue of this high
contentt®of alkali metals, these catal ysts exhibit a particularly high
activity angssenviteuktfetrivhechwuapokysifs ntary b @aadariterd adfashpecd al ly at
a pHin the, range.from4 8. ver,. a p i.thin this j.fhout the
use of 10 the c%?%?ysgé s%ggifﬁggﬁﬁﬁa et Al Iﬁﬁy%%%i§%§hﬂfégggﬁ%¥%%es not
lead to a |degcseres ce pbirbeest the caydtgsysifef niEPi3%9 1l aé@ domparati ve

exanpl @ 1) ., fUl L BELMGG 1 -6aLALKS! R8s A0t SAlySLmt he AREhan cal
demands whi ch are nmade on these catal ysts in many plants. § I'n addition,
t he puBPi cat® o ER 5452p979RF dexts i lesnt hachsevefl pareh c@ldwphatic

het er opol yagi ©s; idk Orgier s t 9r-b8RESVEFEBRaLI Eeblin®iefi dkhe gahalystic A further
i nprovenent in the service |life of the catal yst can be 20 achi eved by the
use of prorfbt®rE HRES cORPBERAS  afdSgdden egeFharsy SLEMIr iSFg e
reaction. ThefepHaha the hystiodysisl reaebiontshaf delbe bessiyyban 4n since

t he acet oneCOcIyainTQuhc}/dri n %%%%S%tsherw 8311!: vers éhheerégg eeti e of thg3 cat al yst.
At pH val ue& above & PRE“§EETone BECCYanoRYdrity Used can fectimdse

readi | ¥p whittipwsth &6terbys pebdutt e choi npailandwe thealopdta lyrsgperti es.

Thi s publi i icitly.cC radi : I Ng; oc t EP 379
I0, 2 20t PP | vpeaneittn 4t gy naugh, LS docume
productivity of the overall process being lowered by

the stoppage.

30 The patent JP 09104665 describes the preparation of
active O-manganese dioxide and defines its activity via
the size of the surface area. The catalyst described
herein exhibits a wvery high activity. However, the
above-described problem of low service life exists here

35 too. This is especially true of catalysts which have a

particularly high surface area.

To improve the lifetime of the catalysts used for



30 In addition, the publication EP 433 611 Al describes the use of
oxi di zing agents to stabilize the catalysts. Simlarly, the docunent EP 945
429 Al describes the use of oxidizing agents to prolong the catalyst

service 35'@6§%0§b[f§65¥§ i mprovement bei ng achiegg@pﬁgzgg?;@g2§ggitiop of

smal | amount's amnes. "An adjustnent of the pH to a predefined value is
not described in either of docunents EP 433 611 Al and EP 945 429 Al, an
WO 2009/ 130075- 3 - PCT/ EP2009/ 052239 i nprovenment in the servi cc |life of
cat al ysts beluiy @t ierabnangol & o1ty obigliet hel 1aadwf PaRINeRR A coF@ing to

docunent EP /3212 Al cndhegbppreywenenip deseribedd n B 840429 Ahe

therefore does_not result on an 5 adjustnent of the EH’ but rather fromthe
conbinationhﬁdEQﬁ¥%¥§ﬂ9ﬁrﬁﬁﬁ¥ﬁrQﬁﬁﬁﬁﬁFﬁ%l@¥ﬂ#?% R othAp RRASEPC238f611 Al

In this conteXgaridssshe@ubdi e eaphasiszed #ivath espeei al Iwi@aa@hyghitnis arg
ata di scl ose

generally stabilized, by additiop of acids, and . so the test

in 10 th eigﬁp?ééaﬂévgl abl§ybéﬁﬁﬂﬁﬁiapge§jﬁﬁﬁeplg i ¥ CIhdi Pirons.
This is al sal&dldenhetéds, exanrplee, cdtaytbe publibdat iaanpEPt3?914211yA2 cited
above. It is .therefore. inp i .0, conclude parti.cul ar. om.t he
tests discl§§§¥i?gnghﬁéngéaEgéiéf%ﬁgf%$ganEEEP%ﬁﬁggﬂﬁgﬁﬁfFE%% g%n
addi ti on, caranistds @unpesseagahiivigatiese i oxitdéhforanise prepar 4t ton of

car boxam deg ang,giacl 0sgdpbn publiicath 00 ERnQe936 838 t:A%nceordbRg to
this publication, the nmechanical stability of "the catalysts_ 20 can be

i npr ovet by tHife tRePbfS'S 08PeFALLRFs itasdetehe BndetitaRuBélsadeéamas early
as during thedy aetdtpi 1eadonoofa thendvh2rviHewevere idf i shéovadalhatst he

catal ysts thus o ined ve .a profile of properties, which_does not satisfy
ot 2ul ar g gt aaEnde ) 39 PR P T RRTeL e bt TUREIRSTRr Pt o must

have a part ittulsarcastrlhest ERo8s956 1898 PPsEy attes trethdriecarat éenahdsused to

prepare the,galal uot cambeextruded., avarer i when ! hase dests are

rewor ked, the apparatus 30 use or shaping I's subjéc to an extrenely
hi gh | eVl of stress, which can lead to premature failure of this

apparatus. Ewenafhodgbnt hech€aghitldsafi drhe pdocunerbs ait ede38pYBe35

already lead. to an inprovenent in the catalys roperties, there is a
per manent n&B§ tBSangévepFﬁEl EﬁﬁniE8F8§PéB§VgF§gsestci8F$§rth50abrasion
resi stance angrvke predgsurki tétabnd i tyf cabpl edamidllyst. A  further
improvement in the service life of the catalyst can be
20 achieved by the use of promotersg. The compounds are
added to the system during the reaction. The pH in the
hydrolysis reaction should be less than 4, since the
acetone cyanohydrin used otherwise lowersg the lifetime
of the catalyst. At pH values above 4, the acetone
25 cyanohydrin used can decompose readily, which can form
by-products which impair the catalyst properties. This
publication explicitly contradicts the teaching of the
document EP 379 111 A2 (cf. EP 545 697 Al, page 3 lines
3 to 6).
30
In addition, the publication EP 433 611 Al describes
the use of oxidizing agents to stabilize the catalysts.
Similarly, the document EP 945 429 Al describes the use
of oxidizing agents to prolong the catalyst service
35 life, a further improvement being achieveable by the
addition of small amounts of amines. An adjustment of
the pH to a predefined value is not described in either
of documents EP 433 611 A1l and EP 945 429 Al, an



WO 2009/ 130075- 4 - PCT/ EP2009/ 052239 very high activity of the catalyst. A
further need of devel opnent exists with regard to inproving the lifetineg,
in order to prolong the exchange cycles in the case of continuous operation

of the plantg, b 16 gpfeduce the costs of the exghangs, ®hqihe, sa4al yst.
. . I

In this connection, it should be specified that very |arge anmounts of
catalyst are required. In view of the prior art, it is thus an object of
the 10 present invention to grovide a catalyst for reacting carbonitriles
with wat er, WY SREE tan 18xcElPenteREL §9i tE Edup fed CRiItER YIvtgh REERENI cal
Stag! : ity. laghﬂ@ﬁ_tdw%@ géoléby eat-alyst t&{wg{lgeﬁm birﬁir@eﬂi QEC@E@&&F}FG
stability an [ abr asi resistance. Furthernore, t he cat al yst
shoul d Ieadqﬂ;afﬁﬁﬁqQQnﬁ%uﬁ%kfﬁ%#r%%1e ?v%?Qr%%am%ﬁEiéﬁSEBhéﬁ sitBn of the
cat al ysed r @zctoiden 428braoverhetrbéocat al gsésor tdie matenilal used tanproduce
the catal yst .shoul d _be shapable_in .a si and. i nexpensi ve, manner. At the
Sare i b CAE SR (2 2D s B T ot heR b RaR iy Ehotird e BhBrBLrEd to a
relatively bdw |gvel o¢kastress, suth thatmpnésat BR Tal |dre Adf thsed

apparat us C%g» Q%3a\69'f1d%‘i-. Ad unherc ol gt of c the pI&sEat ofPieRiLog can be
25 considered that o prOV|éﬁng a_process for preparing carboxam des, which
can be carrit8@touspREIdELY arprsimping ngnda T aedseialdly ahaPwired hi gh
\>//vlh el ﬁ- At pabE! @hﬂbartti@holfaferadm e 5e3| pfdtﬁlgél: @éé%o&@t@{%ﬂgﬁo@e@@ﬁess

i ch, a_high rate, |ow ener i nput .and | o yi.e 0sses, .ensures a
particut@r! onr?d‘aé‘g?'e]\ﬁ%ehﬁ’?ep ol Yo dp 2F 5 s LR CpABEE dH]‘Aeec"t s2ahd*Furt her
obj ects whi chndieinat .stratied iex@llisa tdwi dmtt whieh etand heediasel yhderi vabl e

or 35 discernibl . ti,ons. discu herei n. by
nt roduct | oR Chra CAEREIV &R by WLrtUe o St APOSP - na g Al oY shrERes of
daim 1. Apprmopseabéendd féeatiods Bo mawEigwant ive Eaval ydEis beetprot ect ed

WO 2009/ 130@73z18s2RCTHhER200R:0%2289 1B3syhel ahmensArpr 9aesg hon preparing
the catal ysts detail ed above is the subject of Claim13. Wth regard to the

proces§f¥or prepari ng carboxam des, C aim 21 provides a solution to the

probl em undenl yiiag tibhs 2eki=g6istsThenpreassniy inerdnede agtattdagtyr provi des

a catal yst %gé reactin carbo@)riles mﬁth.&@ger, mhi%ﬁgéich%{acigrized in
y

that the ca SPr€8ﬁer§§§ at ea%?rboxaml are ose

publication EP 0 956 898 A2. According to this
publication, the mechanical stability of the catalysts

20 can be improved by the use of Si0;. In this case, the
binder can be added as early as during the
precipitation of the MnO,. However, it is found that the
catalysts thus obtained have a profile of properties
which does not satisfy particularly high demands.

25
For some reactor systems, the catalysts must have a
particular shape. EP 0 956 898 A2 states that the
materials used to prepare the catalyst can be extruded.
However, when these tests are reworked, the apparatus

30 used for shaping 1is subjected to an extremely high
level of stress, which can lead to premature failure of

this apparatus.

Even though the teachings of the documents cited above
35 already lead to an improvement in the catalyst
properties, there 1s a permanent need to improve the
mechanical stability, egspecially the abrasion

resistance and the pressure stability, coupled with



10 60% by wei ght of manganese dioxide with an enpirical formula MOx where
X isinthe range froml1l.7 to 2.0, and at |east one plasticizer. These
measures surprisingly nake it possible to provide 15 a catal yst for

reacting carponidyd eyt h water, which exhibits §b$?§§jé%@;ggg§§gcellent

profile of properties. For instance, a catalyst of the present i1nvention
has an excellent activity coupled with high nmechanical stability. At the

sanme tinme, the inventive 20 cata%y | eads to a surpr|5|ngly hi gh
sel ect i vi ty V6EYt Het Freaget o¥i tvhPéh i BRCebYFFedPolturather Mepe cBhver si on

w t hout an a@@reg@@%@n@egr@el@ésmel@theacltéc_g&ksaocwrrlﬁ@r&mﬁg}ﬁereﬁée, t he
cat al yst ex h abraS|on 25

q %lts gﬁg ssure stability %g hhg
resi st ance. ehdder | RESCat e} yEEC Sﬁgbé:‘%a5§8 PHBI F¥miEs  1in
|nexpen5|vehye,&a@$eﬁ5mm&ﬁimmbuthepappaﬁahusfu&&é1@ﬂaﬂm£ shapi Bg i S
subj ect reI tlvel ow |.ev of stress, ch,t hat emature_failure
of the a para us cghé%e éaétvlcgldecfe g% = Ean 5t Oyatggtéﬁéalzg%thg pr esent
i nvention enabbesoangutpcm6|ngiyﬂau¢ahﬂ&g@mmmxﬁx&@s@hibrVQWEpaargg

car boxam deg ggnggagklggtgg ggné r'%‘%uW&E water. This reaction is al so
5 y

referred to erelna ter as Si's e of the surprising advant ages
is that the process according to the invention, at a high rate, |ow energy

i nput and | ow yiiehd d0Sses, pensyr es-+a Q@Jtiélul:ﬁﬁEYabor@ﬂ)j%%tVl&@ thée of the
cataly This allows the process to b carried ﬁ?t %rtlcular

eff|C|éH%Iyp£ﬁ8ePﬁekﬁEﬁ§? 5, t?lﬂ%goﬁ dpér at?oh 6ﬁhgﬁe?%t{§%hange
t he cat al ystarboneededeon! wirtdr elwataer t hewhoddhse hafs coniin@muelbaﬁtation of

the plant. ée@'@iﬁgf 3&%\?15}%%8&% E@ie% gn%;é?l%}l%%lc"@%ﬁgtgt | gast 60%

by wei ght, prefera nanganese xi de"with an
enpi rical foenbiaubox wher eakailysitn shea hidarggdiifrigmal . i gl Rr@sswbmganese

10 di oxi de §%é§£§1t9 several nabh obheRisG opOI WIS celhey, fid d Bfore,
S|gn|f|cantI% in their behaviour_as_a catalyst. Pyrolysite (beta-nanganese

di oxi dé)’, t FeSroSPtefablte OIS phicHas the ﬁnsﬁ@ﬁ%ﬁ&%ﬂ%ﬁ@@té@%?%lty The
crystallinisyléstlessymuiked 4 n Hikgh f wohkersionnodicf | €Béi onstangsext ends

down to anor hous pr cts mhlc i ncl or_6-M02. The pol phs can
be aSS|gned ?c&??gy gE¥FF§€Fio hgagﬁg 5af¥& ggh EEFE?§ ﬁcé¥ e

parti cul arl yo aptpdeckorie @kﬂndngan63@omﬁ®xbdeshayabéeparmky $w@bb¢ed and
add't'ona"%n&oﬂﬁék§28$1©¥d&gﬁxkrgr%%p%héT@%nEP SQjﬂé%ﬁmﬁké%W?r's'”g

catal yst may conpri conmpound |ons ese I nc especi al
yZO 'gsednpfor the shapggg should be subjected to Ei Y

relatively low level of stress, such that premature

failure of the apparatus can be avoided.

A further object of the present invention can be
25 considered that of providing a process for preparing
carboxamides, which can be carried out particularly
simply and inexpensively and with a high yield. A
particular problem was more particularly to provide a
process which, at a high rate, low energy input and low
30 vyield losses, ensures a particularly long service life

of the catalyst.

These objects and further objects which are not stated
explicitly but which are immediately derivable or
35 discernible from the connections discussed herein by
way of introduction are achieved by virtue of a
catalyst having all features of Claim 1. Appropriate

modifications to the inventive catalysts are protected



al kali metal and/or alkaline earth nmetal ions, which 25 can be introduced
into the crystal lattice of the Mi02 or deposited on the surface of the
Mh02 or anot her conponent of the catalyst in the course of preparation. The
preferred alkaly t.al,J-@ns include especially |itky 2%9(9@ Za%%or

pot assi um i (:V)Jr%.zlo'Ph@zlgrogf@rred 30 al kal Paﬁe earth rreI%Ha [glpons Jrﬁ:% ude

especi ally cal cium and/ or magnesiumions. The content of al kali netal

and/or al kaline earth netal may preferably be | ess than 0.6 atom per atom
of manganesén TREP&LBMINE- r &t | ®rEFesFkal Pr meregPad7Dr tackarf hel¥&Esh net al
to nmanganes@e3diiedPreffiably inetBepyangeokr emQ0hizl tip;h Srdgapmre _
preferably in the range fromO0.05:1 to 0.4:1. may conprise_pr.onoters, which
can |ikew sé&%hetPRt RIRREE | A0S tAESRAFERA JHRTEE ST he CHRED of L

deposi t ed oprhedsur f aces®@fut hen M2 atheof panoliker cpapenenhgof thhe

catal yst. The .preferred pronoters 5 include Ti, Zr, V, Nb, Ta, C, M, W
Zn, Ga, 1n, O‘éé,ecgn and Pt. The content of pronoters may preferably be |ess
than 0.3 atom per atom of manganese. The atomic ratio of pronpter to
manganese i r y i .ran ; 2:.1, eferably
' The 10 r Sige Froatty oot ISR Frrd e GaR et gk O e Re Y oi ng

cat al yst majopr efegabiynconperibendtoiles 10%Wy vweaght, ndbecprefdsably 0.1
to 5% by weight-acebrpreADliel Syhihi snRar@® Bfsdbekpgpbased en thesvei ght
measured as the netal ,or netal ion. 15 Preferred nanganese di oxjde has, in
the X-ray sp&&t im (KRBNC fastfrRI®EESe powréde atiteast omPYetfettion in
t he range freommd2a0Mno,427h@reThe Xer ay Shectraneantbemoht ai ned, 2 foy
exanple, with.an X ert. pro i ngtr ment %0 from Panal ytical. This reflection
in the rang%n?irg}:n 290"t 8742 0% ot lﬁ?ef erably has the highest intensity in
relation to the further intensities in the range from20 to 65, neasured as
the maxi mimgbsLhgeheliect Lty Pashhey! Ak AEiRILAG INGANGSE, HOXI de 25
for preparing the catalysts exﬁl‘ Its a low crystallinity, which can be
seen, it er2aFp&2l¥EbmiPhe rRAFCEY NP ESLHPRL CTHE &t Micture tir partieul arl y
preferred mapgapese di exi deLan DelASS) gnedxte11 B st r yebwria enunher 44- 0141
or 72-1982, which is dechribed iin | CDD 306(94 nt.er ati(%naL Centre for

Di ffracti onPERPSES E1Bar t i'QUl ar U5FEPEFenc? BE 1yt Vel Tt 0" Handiti& Wi oxi de
Wi th a struttueetacoohdisngart oeddeDldit Bhe ialikat | compbéd awdior faldkal i ne
earth netal_i 3 I ters n ad f ex . J.n the
form of sal I{lés&?%n?ﬁ%lc%&%gglgftgg?e%r gﬁléor?gg}e tﬁgg%’ang%ﬁeée |n§cxl|\}e or of

t he cat?dl ystat&bystnsteadse, tot 4 sspossibiedly Usalespedialiylinul iafes,

nitrates, sylphalfs,;&arbopatas, Lhosphat egrandghydnexides of hg _
af orenenti oned substances, preference being given to using conpounds which

are sol ubl eCPRVHNRTED 5 WiEBRYSar t RRul aFREGRRRY of JERESHr estht iThNti on,
t he manganes&s @t Dxhéeocdsedrifg pr epat Beanok By ethieV @ atatlglsysStemipiave a

specific surface area (BET) in the.range from50 to 1000 n2_ per .g, nore
preferably 5100??(9%300%(1%5% g e?rlf&lbr}ta}éi%ypr efeFabl%y lébg]flo - Per g,
which 26 10reeteranced I t hddiesonpet tioel DlaN 06431, cdhe Ipe epdreatdcdon of
engeness e WL TR BE Sl Y PR gL Spieliye
apparatus used for the shaping is subjected to a
relatively low level of stress, such that premature
failure of the apparatus can be avoided.
30
Furthermore, a catalyst of the present invention
enables a surprisingly advantageous process for
preparing carboxamides by reacting carbonitriles with
water. This reaction is also referred to hereinafter as
35  hydrolysis. One of the surprising advantages is that
the process according to the invention, at a high rate,
low energy input and low vyield 1losses, ensures a

particularly long service life of the catalyst. This



15 EP-A-0 956 898, EP-A-0545697 and EP-A-0 433 611. The nmanganese di oxi des
for use in accordance wth the invention can preferably be obtai ned by

oxi dation of M2+ salts, for exanple MhSO4, w th pernmanganates, for exanple
pot assi um p Bi ochem J 50, 20 p. Chem
Soc., p. 213&@@@.%?{?% addi t i on, sui tgbl e rrangangég %%%Ql&%l/eegg% Be

obt ai ned by electrolytic oxidation of manganese sul phate i n aqueous

sol ution. 25 Manganese di oxi de whi ch can be used in accordance with the

i nvention t ;abrepar ecleat a;tlyzstt@s wittch $ter uctearesdacooritdi rgrtocadaglal, can
be obt ai ned.o #0fc LM &by addlng. AN AQUEOUS ol on 6oRLaLALAg 0. 71 Mol
of Mi(11)SOX4 (total of 15%by wel t + in solution), 043 nol of
Zr (1V) (SO4) BE@Resse ne? ofclaps g@rpﬁerréysa‘ér aSanaeqlsdzanﬂwsr rerre\}v@rter at
70C rapidly #0 ehsatdilion Of dorBS AluDfoddV04 din 4. chd 1 Lfc water. The
supernatﬁnt solution with the precipitate formed can be heated to 90C for 3
hour s e precipitate can 35 subsequently be filtered off, washed four
times with ane: | idaelgfstwabér and detresert lLikOQrfrororl?2 cdeawirdsesWoat

2009/ 130075-, 9 -P cEP2009/0 2239 which optionall pe rovrd with
pronoters or efurtt ﬁge-dr ad%lr"t’l véhs a%reneralir’@%e ga a‘?yétg%orrp?l S gg’l east
one pl asti cicder maﬁgﬁmesel adipwider vendbl es sempleiaad stabhelshamiong of the
inventive cahalyst haS@b}a | Z8ndes AEGAT diNOl Yoa LoD WhLER
|rrproves t he plastlc ‘def o ity of a material or producrng

cat al yst0 THII®LHIFH 0985SEhe 15 opR¥ey2 bf 23 LRGEePiLsl TOYYTRTENT naherzre

lnv?_ntl ?/e 1QilCﬁteaAt ys?ig&iflbﬁi%ﬂfﬂ( y\glnlsh@aem;ex(e@ﬂ‘aa;fﬂoe\g g aafz:teem dition of a
particul ar anou Q [ usua un a particu pressure
Wi t hout br eakintgyY TH&E ng% g& RPBeErh Sreetgr%ﬁ’éhg% Ftert %e“‘?ﬁ‘&pl ﬁﬁaﬁi@ ended
(after decommrle&sxr@h) This priopermyst s dbriaehi evedsté bt irekaypl eThen the
case of slidi +Qf; 1] rllltqn: rticl es &Sentméﬂ%@d material . for preparing the
cat al yst over one ano " or er to marnta n the shapeée, the préssure
appliedlbs mdtufalqa;rwﬁose@d bgxgenesi stanite tEt RO ENCcRr péhaves

el astical | y)uni\When 1%@lh@% poessyr-e 83@%‘535 ahRar bb@&}’m@&pﬁ‘sn' aym the yield
value, the material_ begins to flow This type of flowis, then referred to

as el asti caPSyigrast i c?ﬁﬁ‘ | W F For %#—‘rﬁqfa%%n T vikest@ Fow #A%t he case
of liquids. chttalytiwapriysi pgkyiposarble, actth:rwgrfdrhfs Us€ ohaRGanese

pl asti ci zer'rsi,. es ecr aII in thC C sedrof cgd't d<9 onéjﬂs or n.the case
of use of p asticiTz & §i GfserVe as Bin det's” T rpriove X hehechani cal
proper ti@s, hivdrosydnpireuplse abr asi on resi stance and t he conpressive
strength, of the catalyst. At the same time, it is 30 surprisingly possible
to maintain the high activity and lifetime of the catalyst at a high |evel
or to inproV¥8e tmarEpsgfieasti ¥ ¥@e sCosRyl fEyd beaspgHAicc NSOhpeUrest $hi ch 35

can preferablytheressenbbahbly reroveddromyhe cahahyat atshow ferperatures
of bel ow 4005&é9r ef erabl y bel ow 250C. Preferred I astl cizers conpri se

silicon di ofi ¢Sty Tﬁé‘%P&st?]c}faz]eﬁ'n‘Fs SBréferBpF atOPgy MREFAl
especi @3y aasheet mitt@Bicesd fﬂﬁt@xaf’fﬁ| e rgiselkilt &atfthldﬁ off | thé eMno,

nontronite, hecctié)rcl)te <ILfaollnlt{ﬁe an(’ggorolélg eITm(Sreferred tshllcon
di oxi de- conprrer% p asti Ci'zersThave & mar Ked te structure'@nd a hi gh

fineness. Thempanentl efsithe icstprlefsdr al ytheesrsm:hﬁn AbQoreparatpret er abl y
I ess than 7@Q.rup, .pe2 Bedaﬁﬁai*ﬂe 98z yal y s"‘hiﬁ&&&’é' b&sﬂ@éf&ﬂyed for

o
exanpl e, by 10 neans o? sedi mentati on. For t pur pose, I's possible to
use, inter aifBiuthe %@%ﬁt@aenér/pr5met@n§rmnemnsrro”ﬁw d@r&@w%s GbH.

The usgmf gikheonedi Qxtde- grrbal nifgs pliastivizebspakl ansyt hes rechani cal
properties of the catal yst detailed agove to be 15 inproved, unexpectedly.

Preferred pPRS{PEi ZBFEPRAVE a MK s nESSLER Yt h@fra"f‘ﬂ;,;]éaﬂorﬁ1 *Fto 3,
nor e preferahfiyornatlkaliaageattommbtalt @mad. preferably be less than

0.6 atom per atom of manganese. The atomic ratio of
alkali metal and/or alkaline earth metal to manganese

35 is preferably in the range from 0.01:1 to 0.5:1, more
preferably in the range from 0.05:1 to 0.4:1.

In addition, the manganese dioxide-comprising catalyst



20 Appropriately, aninventivecatal ystgenerally conprises 0.1 to 30% by
wei ght, nore preferably 1 to 15% by weight, of plasticizers, w thout any
intention that this should inpose a restriction. 25 The catal yst preferably

[ t jnder. In thi , th LG i
Cerve a5 a BIhGL e MM tron, 1t i's: phesi bl e o Bl BoHEOUNGE u ch o

not have any plasticizing action as binders. 30 The bi nder brings about
mechani cal stability and conpressive strength of the catal yst which
satisfies mamy r equimperieet s. pTheobiender prief el ablgarcomdrikees ssi | i ben

di oxi de (Sif %)tr&ﬁ{ééwlﬁrtopr@ﬁsre@ﬁﬁs@ﬁnqagétvi% especigbl Yrd@ shlicates
with a specific surface 35 area in the range from50 to 1200 /g, nore
pref erabl y iderdsd tathgenf r ohe 150G 000/ ghe | A¥2pae¥ i Qfl afRaspeEt of the

present invelRihertthe 2 Ndefe MY tGARRL . SE TV | gee regrpaungsoracbref which
conprise_Si02. - The binder nore referabl% conprises a silicate ﬁ,hich IS
pul ver ul ent FF 15 cbur sér of Vpr@%ar &3 on“of YRe Fat &%st5% t Hbei HG’

particul arl ysrpreier abl e e usehfdaurendr breombiteatse sneanddos f garaeipi bat ed

silicas. 5 Rul veruyl ent binders preferably have _a particl i ze_in.the range
from 0.2 to 560 gﬁa%%%ra«a‘?%{?aﬁﬁ? iaﬁtot eogaﬁnﬁélgf%rngr%ez ﬁ)é%ogﬁénﬁl%reasur ed
by nmeans of deaasier diEf foastitor; for exzgpiesa Nu veraf®bsbly siizer thy type

2000. 10.|n3§9ﬂ%§i990 itOj@TP9§SkgleOP§: Se ol Y2 8Srdhe, bispderyowhi ch i's
present in the Tormof a silica sol In the course of preparation_of the
catal yst0 Axmsindecafzem fOroQzel wittch Préf ér entle t FHEFSSE t AeCPpiesent

catal yst 15 pngfarably bs 1, Pand £le-st @b, tdempange 6romdot 00400 nm
ore preferShlY 8 gt o 5 I and met b T V<kn e jdnge from 7 to 10

promoters, this parameter being based on the weight
measured as the metal or metal ion.

15
Preferred manganese dioxide has, in the X-ray spectrum
(XRD), measured as a 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 instrument

20 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 manganese dioxide

25 for preparing the catalysts exhibits a low
crystallinity, which can be seen, inter alia, from the
X-ray spectrum. The structure of particularly preferred
manganese dioxide can be assigned to the structure
number 44-0141 or 72-1982, which is described in ICDD

30 (International Centre for Diffraction Data), particular

preference being given to manganese dioxide with a

. structure according to 44-0141.

The alkali metal and/or alkaline earth metal ions and
35 the promoters can be added, for example, in the form of
salts in the course of preparation of the manganese
dioxide or of the catalyst. For instance, it 1is

possible to use especially  halides, nitrates,



20 Particular configurations ofinventive catalysts preferably conprise a
bi nder which is present in the formof a silica sol in the course of
preparation of the catalyst, and a binder which is pulverulent in the

course of pw%@égfﬁ@éﬁhe catal yst . 80\ppr opri at e#é‘T/ﬁ?%(?@%@%ﬁ%ﬂ% ratio

of silica s verulent binder may be in the range o 1:1
nore preferably 15:1 to 5:1, these data bei ng based on the solids content
of the silica sol. 30 The proportion of binder in the catalyst is
preferably isvwitHe temgecdriomd: 9% oyheeplghtes 0aBY0LbYrwei ghs , ofpiae

preferably iéf&ggﬁéﬁﬁﬁﬁhédwmgd%gkgﬁc@%hghﬁré@egg%@gy W@&ﬁ&“-gf%%n to

Appropriately, the total amount of plasticizer and binder may be in the
range from HSIQBORMRP W YRt Gioree Hreferdt 1 WatsE range from 3 to 20%
by wei ght, based on the weight of the catalyst. The weight ratio WD
2009/ 130075-_ 12 - PCT/ EP2Q09/ 052239 of fbi g}ger to plastjcizer.is prgf erably
in the rangd™ rdmPEEF-FHEM: 38Pqbr & 1pr Bfer &Y S26: 1T H- 10 ThESE dat a

are based espegjaaldse ahi biintternssadni € bayeaoal ygnaihoenpliast cecziipgtef f ect,
if any. Binders which have a.5.plasticizing effe re.assi.gned_in _this
context to the pladti & z%?%?lf'ﬁgt hsélrc%scee ogrﬁge @F‘#Er‘@l n %r :thger %F%gii ci zers
whi ch conprifser iduitds 1000 e’ qorr se, ofopeeparierohlvf 10Ae teat3dllyst, these
data are baged op 4he soli ds-centent, ofsphesbhager opepl @sti g zgr : 510
Parti cul arl?/) pr%?errecﬁcat g£?§/sts corrlf)ri se, ?or exarrgligeé, %0 to 30%/osby

wei ght , 1@spésitammined Sy20%chyafdi githost PSN26131. 0.1 to 10% by wei ght,
especially 2 to 7% by weight, of 15 K20 0.0 to 5% by wei ght, especially
0.2 to 4% by _weight, of ZrO and 75 to 99%.by . weight.,, .especi.ally 85 to 98%
by’ wei ght . SPVHOZBFRE R o STREg  CoRpF LO8 1 F o R "ol GHorts 48 Ras 20
been descri lfet abeyerctwaonposit ionveitine catalysts tankhewdeperni ned by
sem quant | t gii vg, X- ri@/.&é%g£§%&8”c%o@a&§}n§1 ,Th%ncagﬁl_x% §38 pieferably
be used, for exanple, in e formof granule or of dried agglonerates,
and t helpar EPcPe0si%56 @& i nEReRy 064568 TbeasdpeR8eft CoA3Bhelieacthdn vessel

used. Preferped-diised aggikaerizat esrexhisbitia dhapBteenkl thethanggefrom 0.5
to 5 mm nore preferably 1 to 3 nm_ Appropriate cg%rr}e{ters, of 30 preferred

extrudat es aF¥SPRiCRe F&RgETELSHBY Mt @GR e FrereraBl yOrn the
range from 8n8 nealesb mor Taeahehgt Mngb, pr efiehr eskraxtirgedattess i sfon t he

range from2 mmto 10 more preferably in the ran from 05 mm
35 The i nvefit iy tlc‘?at%‘?i%%s%%fﬁ ﬁfeeﬁ‘mearnaqoa\nyay e rcgpar%l yené' pfjgégg%sbl n whi ch
at | easiO one.pdBvetlpeht marhadeseClieénxi ddcand at |83, oA&5gul-vekul ent

plaSt'C'Zeraaﬁﬁtion, suitable manganese dioxide can be obtained by
electrolytic oxidation of manganese sulphate in agqueous

solution.

25 Manganese dioxide which can be used in accordance with
the invention to prepare catalysts, with structures
according to 44-0141, can be obtained, for example, by
adding an agqueous solution containing 0.71 mol of
Mn (II)SO; (total of 15% by weight of Mn*?' in solution),

30 0.043 mol of Zr(IV) (S04)2, 0.488 mol of conc. sulphuric
acid and 13.24 mol of water at 70°C rapidly to a
solution of 1.09 mol of KMnO; in 64.5 mol of water. The
supernatant solution with the precipitate formed can be
heated to 90°C for 3 hours. The precipitate can

35 subsequently be filtered off, washed four times with

one litre of water and dried at 110°C for 12 hours.

In addition to the manganese dioxide described above,



m xed to obtain agglonmerates. The m xture conprising at |east one
pul verul ent manganese di oxi de and at | east one nul verulent 5 plasticizer
can preferably be adm xed with a liquid binder in order to obtain

aggl onerat e | gui i-nder is understood herei ition
%10 A0 oi9;}‘if3% 0Pl ! e Q%%S/bﬁf%a@ £ %

whi ch i s present ree-flowng formand 10 i riate
after drying, conponents of the catalyst, i.e. of nechanical properties

such as the and the abrasion resistance. preferably conprises water, nore
15 one sili edisdl . mapppeoptately, bhe rugylictad atedhdepaimedeabovercan be

obt ai ned by f{;heruse Ofqan;tdl enghve el d NEERaL Y8t MXRLS-alL;, apparat us
whi ch can bring about a high 20 energy input into a system |Intensive

m xers are Kfgws p8F 8éasTh€déncl ude, for exanple, Eirich mixers and
2-arm kneaders. In this context, the aggloneration behaviour can be

influenced via the binder content, the npojsture content, the product
fi nenessSeana&’Fhepje%trjg%lzz%ri ﬁaﬁﬁgl @sp%%?‘%jr?yaf)ﬁe ﬁ%%léfes gjféalglr?d Geonetry,
the fill |evek anddrhevauncdtareysial tabl e lisrfrdroigt€ron onatbbsdsuhject can

be found especially, in She exampl 65 adduced;) 30 The,pragessing of othe
conposi tion“i M LHe Tt ensi Ve mMxer achieves i ntensive M X1’ ng o af
conponent s andupreconpactirorpofdedengrattéys atatdhes pr eFopFaciienoves achi eved

by introductian Y o : IO : i r nal ent in
the. 1t onsi vEmaor i ah 35 rayer Rl ude far etand & Tl o “and &

o
wi per, ldhd FRE2A¥SHC Afed RHEHFLTGr c88aPaNbR2009 1300 ring  after
- PCT/ EP20094£062238ndi 6 £Cctd Y s-ta Gataad Y Simoafriter odr yipguia t hesd®r m of
"pel l ets" or Is? be subjected to further.%gﬁgéng in various ways in the
moi st st at eV2TRE! si Z8°0f LRESHr i e@ aditonet | §¥5PEPEFabl Y T the range
from 0.5 t obbe8kimy, nbhe peef doalrl et PFtranddesidn gure ssteed gg based

?ﬁegﬁi ?L'ny @ﬁgSpgﬁﬁkﬁa' (B99LOTeIRl £ IdL A PPN Gl gspged,Qf the present
15 achieved, for example, in the case of gliding of the
particles present in a material for preparing the
catalyst over one another. In order to maintain the
shape, the pressure applied is initially opposed by a
resistance (the substance behaves elastically). When

20 the pressure reaches a particular minimum, the yield
value, the material begins to flow. This type of flow

is then referred to as elastically plastic flow, for
delimitation from viscous flow 1in the case of liguids.

It 1s surprisingly possible, through the wuse of

25 plasticizers, especially in the case of addition of
binders or in the case of use of plasticizers which
serve as binders, to improve the mechanical properties,

for example the abrasion resistance and the compressive
strength, of the catalyst. At the same time, it is

30 surprisingly possible to maintain the high activity and
lifetime of the catalyst at a high level or to improve

it.

The plasticizers used may be organic compounds which

35 can preferably be essentially removed from the catalyst
at low temperatures of below 400°C, preferably below
250°c.



agglonerates initially obtained can be extruded. It is 10 surprisingly
possible to extrude m xtures to prepare an inventive catalyst in a
particularly sinple manner. These m xtures can be converted, for exanple,

by sinple dr activity catalyst. Surpgi igg% [ on can

I nprove thev§2ﬁ§494ﬁ§%péghithe acti vi 15 of theﬁéif i?%?qiéyi%hanced
activity being mani fested, for exanple, by an inproved conversion. Shaping
is possible, for exanple, using the foll ow ng machi nes 20 - Handl e screw
extruder (P2uNBleangee)platkiticgreamnil eompapsagsiachine ddpstielm ((GROL)t ype)
Schiitter anmidar [dihgcheess-(PPi127 fyped-apyoud, Valdron apaykagadie press

25 In addition to circular cross section, eci al shapes such
"tril obe" (@SRﬂQ%%%m@aﬁismﬁﬁﬁt(ns¥l¥ﬁﬁt%re P50 PBIBPbEe. dTﬁElﬁﬁvst

aggr egat es gr st-he eXEUQQ%%eS ah%n@&%hg&@bly %@c@bk@@eat axhenMpgLakcures
whi ch does not |ead._to any % ficant_inpairnment in { he catal ytic activity
of the c%tap§§F§mr?ﬁéC@§§@ng ﬁﬁ@Fﬁ?éreSF%lﬁpéfegéBF§d?nc?ﬁﬁrF§h§% from 10

to 200C, nope apitaiarzaplsy hﬂvéhearaﬁg&ebrOﬁlgeel@tlzﬂﬁiuémm&xdrﬁtﬁg i me may,

dependi ng on.the 35 dr gt erat i€, and t he pressur t he drying
t akes place[P1 %ﬁ?%gﬁs &@Hgaﬁﬁé‘ i Smafiy* Eases, pge ﬁh ? €dPyi ng

time is in th@nrmﬁﬁﬁfnmnnﬁibfwrmbbﬁ EesSOtha@r§OOnnmaFmeﬂiumémyasn t he
range from 2o Hoaules o 1Nais, e salalyplef 1oe oramsnt, ipyention

has out st andi ng mechani cal properties. .
10 means of sedimentation. For this purpose, it is

possible to use, inter alia, the SediGraph® 5100
instrument from Micromeritics GmbH. The use of silicon
dioxide~containing plasticizers allows the mechanical
properties of the catalyst detailed above to be

15 improved unexpectedly.

Preferred plasticizers have a Moh’s hardness in the

range from 0.5 to 3, more preferably in the range from

1.5 to 2.

20
Appropriately, an inventive catalyst generally
comprises 0.1 to 30% by weight, more preferably 1 to
15% by weight, of plasticizers, without any intention
that this should impose a restriction.

25

The catalyst preferably comprises at least one binder.
In this case, the plasticizer itself may serve as a
binder. In addition, it i1is possible to add compounds
which do not have any plasticizing action as binders.
30 The Dbinder Dbrings about mechanical stability and
compressive strength of the catalyst which satisfies
many requirements. The binder preferably comprises
silicon dioxide (Si0;), particular preference being
given especially to silicates with a specific surface
35 area in the range from 50 to 1200 nﬁ/g, more preferably
in the range from 150 to 400 m?/g. In a particular
aspect of the present invention, the Dbinder may

comprise various compounds each of which comprise SiO,.



S Thei nventi vecat al yst enabl est heeffi ci ent preparation of carboxam des. The

carbonitriles used here are especially those which generally have groups of

the forrmula -CN. Carboxam des conprise at |east one 10 group of the formula
- CONH2. The e known in t techni cal _f i scri bed,

for exanple%&f%&ggﬂggﬁgﬁgale Lexi kon 2nd edi tion oﬁ&%gégiﬁﬁgﬁﬁéf%ggctants
used may especially be aliphatic or 15 cycloaliphatic carbonitriles,
saturated or unsaturated carbonitriles and aromati c and heterocyclic
carbonitriIé@ﬁaThén@arbmmnaﬁ@mﬂﬁéxﬁblmecampréaesamiSShbycaEQeW©meh two or
nore nitril r ditjo t l.sopo itriles

whi ch have gﬁghgggﬁggkgﬁgq e%hegﬁg% dO%gébgenEaﬁ%%gﬁggic% as ¢ Igggne

bromi ne, fl gertiade;stoxyden, %@ﬂ%murpﬁm@¥©¢1®¥lyogﬁﬁeéﬁéﬁble|ntPheuéﬁonatlc
or aliphatiGradheal. Pantijcyady suidabl e E)%’é@@ﬁ'lttra'tle@ls prefierably
conprise_2 to _ 100, preferably 3 to 20 and npst preferably 3 to 5 25 carbon
atons. The é’i%"ﬁ’r’?élt%eéltcéﬂiﬂﬁﬁﬁlpé% RRRERY eBENChay 3 St 1 afrle O

unsat ur at ed thyedrogegdomrgroup. 2 nebude Bqet,onhbié | SraFe@piOR tid | ehe
butyronltrlle i SO ronitrile, 30 valeronltrlle |sovaler%n| rile,
capronitril &858 o 58% gtd?été& #BHonPEPPFESS nBY o417 e OTsubeFfibnitril e,
gl utaroni tridi€fraditpomi t r Ebe amdarabher asatlail abed dMawt$I$£ﬁer type

a- am noprophepigtril e, a-am nomet hyl thi o- butyronitrile,

a- anlnobutyronltrlle am noacetonitrile 35 and other a-aminonitriles;
cyanoac%@lc acid and other nitriles each with a carboxyl group;

anmi no- 3- pr ophonh &gt £ €oANd ot hers Ppagkngnkt ridesisAchyl 08idf i @ the
nethacrylon trile, k{ é cy anlde crotonanitrile or

ot her unsat u éF@&ﬁth L& SFentidhe ar 19512 ahti ey cFohexdne
carbonitril eher cotiler Mﬂ(pmﬁpardﬁﬂdd|dﬁ tHdecatOpét ¢ Tagbdhedr sbes

i ncl ude ben |tr|Ie chl robenzonltrlle

p- quoroben%gglPﬁflelE% pré%%ﬂ%?’ %F%r&béﬁ?8%| I%re%e£%1%%gen¥onltrlle
4- cyandpghenpkeferabhy dved gitphuhﬂc&elélzz 4in the range from 1 to

di chl or obenzggi hii | e85 di ghLerphgngonist Li| e, &, 6- 750,di f Iy obghzenitrile,

anisonitrile, a- naghthonltrlle P-naphthonitrile and other aromatic
mononi tri | eBXSEREARIBNILEY i TR FaBBRt KAPBNit r i P elOt BRephAREorf® rFRe and

ot her aromagiemdtait oifl ese barzykieyani de, cinnamoylnitrile,

phenyl acetonitrile, mandelonitrile, 15 p-hydroxyphenyl acetonitrile,

p- hydr oxyphenyl propionitrile, p-nmethoxyphenylacetonitrile and other
nitriIég)thahteauhahavecanfagakkyﬁogsoupofThelheeBtDaycIicatal@QBttriIes

i nclude espggia Lé{b%() 'H;é:t:r(ﬂll' gp%‘i@n%gar‘"%ﬁ*ﬂcﬁag%agsgg %éﬁeﬁ%r ogyglic

group whi ch"contarns- a nbered ring and ast oné atom
which is sef@éme@ffﬁbnﬁ@ﬁécgrdﬁﬂ-c@ﬁsﬁ@ﬂlﬂpwﬁs%.ﬁftﬁﬁ@ﬁ@nﬁmelamfoxygen

atomand a @H&peau&aﬁygm asr@ heter st eMynieh e%aMi®erulent in the
2-t hi ophenecar boni tri

course of preparatlon of the catalyst. Appropriately,

25 the weight ratio of silica sol to pulverulent binder

may be in the range from 20:1 to 1:1, more preferably

15:1 to 5:1, these data being based on the solids

content of the silica sol.

30 The proportion of binder in the catalyst is preferably
in the range from 0.9% by weight to 30% by weight, more
preferably in the range from 2% by weight to 20% by
weight.

35 Appropriately, the total amount of plasticizer and
binder may be in the range from 1 to 30% by weight,
more preferably in the range from 3 to 20% by weight,
based on the weight of the catalyst. The weight ratio



25 2-furonitrile and other nitriles which each have a sul phur atom or an
oxygen atom as a heteroaton 2-cyanopyridi ne, 3-cyanopyridine,
4- cyanopyri di ne, cyanopyrazine and other nitriles which each contain a

ni trogen at gp %o@ﬁ%b%gatom > cyanoi hdol e and 35‘5’1? egﬁh rogeriat ed

het er ocycl es;” Cyanopi peridi ne, cyanoplpera2|ne an

heterocyclic nitriles and fused heterocyclic nitriles. The
particularly preferred carbonitriles include 35 especially

a- hydr oxycaepborpindéres tocyanaohyaeiney, ior cegipppely in the range

hydr oxyacet enbhr blo,.3- hydroxys 4- H@%beEgE@rably 20 1 to 5:1. These
butyronitrile, a-hydroxy-y-nmethylthi obutyronitril

(4- et hyl t hABte- Rydr SR P erfeFa+ey, on- ﬁyafiswpw@ﬁle& haxs 209/ 130075- 17

éPﬁTéEP20024@52%3%§ﬂﬂdﬂﬂﬁhd|f@£@@tlrhEekuﬁﬁd ilnders which hﬁve a

ydr oxy- loni.trile (aceton nonydr.i n artlcu ar

pref erente B&f ﬁ&xﬁgéé gtSfEEEFoﬁ cfﬁﬁ&ﬁ?&%ﬁﬁnfghiﬁpﬁ? HY advant@ges can
be achlevedpﬂésthelzeastloannlxﬂure<aﬂﬂed b6 theenamganésmnders or

di oxi de-co |s ng.¢ | yst. has H.in er e. fro 1. 0f
preferablyng‘rL % giégﬁg xvjﬁbstcgm é?%m l%?ég] %ngf%ggébonnectlon
the oH is derepedaasonheﬁheghe|véﬂxﬁ&nénadtbe$@gaknkhnabé theeslctdwvi ty of

the oxon'unthgnéoit§Q+zont£htsoPaEQQEBQﬁdEQUérdBQQQ€§c99@9 factors
including the tenperature, this paraneter being based on the reaction

tenperd#hre For the purposes of the invention, it is in many cases
sufficient p@ra@&ﬂmn@ éﬁef@fﬁe@aéaﬁ'@l?étw I:Bmpir@@él’i €ak eraspleng

equi prent  ( te a determ nation.a mte ure being sufficient
for nmany pu g@ggg ?ﬁ tggdwgﬁg SacErER gf t % QHbﬁqWWﬂﬁ% eht—a’dcﬁ i on of
an acid or @, a mxture of the reactants customarily used generally has

a pHin theyrangg fipamy t%%#%H%4F§§§§?fggf§l§ tpheref ﬁ@ﬂgﬁﬁﬁO LAadding a

basi ¢ substance to adju e reaction m xtu is end, it
is posdiobl ekafdit h 25 preference to use hydroxides or oxides, which are nore

preferably fosrmed by sl kakipareaekhetBbahy or caltkalds r@a&eslghme&gfi ncl ude
Ca(OH) 2 and NQ( , MO, CaO, NaOH, KOH, LiOH or L120. Very particular
pr ef erence %% here to using LiOH or Li20. It is theoretically 30 al so

possi bl e tO7MSan99%eByt®eath$tebbécﬁHllMO@GV&b 98% by weight, of
MnO,. The catalyst may comprise further elements as has

20 been described above. The compogition of the catalysts

can be determined by semiquantitative X-ray

fluorescence analysis.

The catalyst can preferably be used, for example, in

25 the form of granule or of dried agglomerates, and the
particle size may in many cases be dependent on the
reaction vessel used. Preferred dried agglomerates
exhibit a diameter in the range from 0.5 to 5 mm, more
preferably 1 to 3 mm. Appropriate diameters of

30 preferred extrudates are in the range from 0.4 mm to
10 mm, more preferably in the range from 0.8 mm to
6 mm. The length of preferred extrudates is in the
range from 2 mm to 10 mm, more preferably in the range
from 3 mm to 5 mm.

35
The inventive catalyst can preferably be prepared by a
process in which at least one pulverulent manganese

dioxide and at least one pulverulent plasticizer are



it has been found that the use of am nes can have an adverse effect on the
lifetinme of the catalyst. The proportion of am nes, especially to adjust
the pHin the reaction mxture, is therefore preferably at nost 35 0. 1% by

wei ght, nor %@Lﬁ@%ﬁpﬁa@%ﬁ%tmst 0. 01% ky, wei ght an?cgpé 2@55 ?95%( at nost

0.001% by wei g i cul ar aspec no signifrcan con am ne
i's added to adjust the pH of the reactlon m xture. In the context of the
present invention, ammoni a (NHSE is included anong the amines. In this
context, it I@H@%ﬁld:cbeﬁérﬁplﬁasﬁ ¢yt ashe 5 nanganese di oxi de- cont ai ni ng
cat al yst in nmany cases has anphoteric properties; the pH of the reaction

m xture in the course of the reaction is therefore i nfluenced significantly
by the type &t ambURETBf  EREASEiNst . 2Fhe l&gptessPdh " PHe VFERCET SN

m xture addeghripuidie 10driartgaeesea1@tuoxracte CoERELSI heat ghystrurekes it

clear that t His nmeasured without. th nce .of the cat The
further Consti at%e]rﬁlszedﬁ‘ fHE r%]é%% B%bjrﬁx?iff %ﬂ‘ FGde, 1o rajrﬁ%e1 sol vent ,
wat er, car bdmirtddd en etrtlerl 5 d tolhas rhegyy foonendh tidwat , sur prl singly,
hydrolysis in the presence of lithiumions |leads to a particularly |ong

lifetinme of the manganese di oxi de-conprising catalyst. To further inprove
t he processfaccoraiing tloinder 20ipnventdesstood | iexstior dityl ympaessi bl e to

add |ithi umcamaunds,n espech akky yatensol yble Jdd thigwnsal £ Semt gnishe
reaction m xture, for nexa | e Li dzﬂl.i&fBrn Li 2504, |OSI) an%a LH|120n The

concent+&ti i GERIARLR/ urﬁfcmqfse B a‘%lFi‘(]“il% t e ]Pé]ﬁaengr 5R£0. 001 to
5% by wei ghtcorgon®ne poef erakl ycat@l%slﬁy vvel ght bo H/mbyowehght thEhe
addition can t(): effeﬁt ed durl ngeE or ore t SI S reagtl on

hydrol ysi s &f bdhi o ?‘ﬁcé‘ cgrsboxam Preferd Fynggﬁ‘es pl ace
in the presemce othan @hnﬁsarcng agest. st8urtabl el‘losu drlzuqmgdagehtedare wi dely
known in the,technigal tbﬁtglsage%@g di gbpg geois-dppiude

oxygen-cont ai ni ng_gases; peroxides, for example ydrogen per oxi ﬁe EHZOZ),
sodi um ber oﬁ?P&eSléétC§S§P&m 35 peroxide, magnesi um peroxide, cal cium
per oxi de, barium peroxi de, benzoyl per oxi de and di acetyl peroxide; peracids

or salts of _peracids, erformc acid,, peracetic acid,. sodium
per sul phat o PRTRERT G W 2000) $966 7557 16°5pEH 0, 582980 et SaFphat 6
and pot assi vbcpensdl ghat eheantseoxofacmdsiotesaitve ofixexo athtsnsioe exanple
periodic acpd, ﬁth a%%“”éﬁ %99@&3 &t“@a%e”b%q_?}ge aBSLEN grif; agid.
pot assi um perchl ora um perch e, potassi
20 energy input into a system. Intensive mixers are known
per se. These include, for example, Eirich mixers and
Z-arm kneaders. 1In this context, the agglomeration
behaviour can be influenced via the binder content, the
moisture content, the product fineness and the energy
25 input, especially the mixer speed and geometry, the
£fill level and the run time. Valuable information on
this subject can be found especially in the examples

adduced.

30 The processing of the composition in the intensive
mixer achieves intensive mixing of all components and
precompaction of the material. The precompaction is
achieved by introduction of energy through the motions
of the internals present in the intensive mixer, which

35 may include, for example, an agitator and a wiper, and

the associated shear forces.

The agglomerates thus prepared may either be used



5 chlorate, sodiumchlorate, potassium bromate, sodiumiodate, iodic acid,
sodi um hypochl orite, permanganate salts, for exanple potassium

. per manganat e, sodiun1pernanganate and |ithium permanganate, and salts of
chrom c aci potaSS|un1chr mat e, sodi

annnniun1ch9%%ﬁﬁﬂ) rﬁ%unt of the ox%d|2|ng age $}é§%%&%gﬂﬁ%%2€$thln a

w de range, though the reactants and products shoul d not be OX|d|zed by the

oxi di zing agent. The oxidation 15 sensitivity of these substances may
therefore |idurteatie use of théadyisdi zRhgengehtsindrhenl oWee Ifiorit afi ses

fromthe i ”pg O“:‘La"é]‘};%t" '%.rt e seryl ceublbe oy the ﬁ%h)é%t St}%ggglgact)heved.

The nol ar oxi di zing agent to carbonltrl e is preferabl’y in the
range from Y8@i00E Ways 21 therBoppef etably fiemiaRl:af tiehq. griedThese

oxi di zi ng ag %@H%m%%%tQ% agded ter dhg reachi ommdn xtupe fesmexanpl g, as a
solutlon and/or as a gas. The OXIdIZIng agents used are nore preferably

gases 25° mhlcﬁmboﬁﬁ?¥%ep6ﬁ§§éﬁblwh:%h g t hBS§8s P rEShpPeaRY

nmol ecul ar oxyged eB2ecorlazone @Ierikaladdigioarratlke .gas used as the
oxi di zi ng agent may conprise further gases, especially inert gases, such as
nitrogen or noble gases. In a particular aspect, the 30 gas may preferably
conpri se 50Iho ®8¥abyivolame aﬁpécrterbfgatsheanﬁrQSEDtSCi%v@t\i@lnunetbé

mol ecul ar Oéz]g%m(e%)cesﬂl%ﬁ] Rriehery ed,9ases, mgglku@% RSRECIRd Y Al Ty

addition, it s also EOSSI e to use a gas i ch contalns ess than 20@6by
vol une, l%spéérarwln@ ¥ PREFIBE 1% rtvaIdmeligfunas dedi| RIFSRABEY e t hese

gases corrprhﬁvagtgeeer@étal I;tl east sl%byrvehure,yor ef gpabl ymatndeast 2% by
vol ume, of Oﬁég . WO 2009 %FgS 20 - PCT/ EP2009/ 052239 The anofnt of
oxygen- conpr ﬁgm©§§uﬁ§§s€@nt lﬁﬁ?%qﬁ§QQ£i oA e BaySPr_terably be

in the_rangéryﬁng11tko 5000hapt - HﬁtévmtgfeMEMQﬂygttrmsmf@mﬁsimgmylo to
L0 LT esthoul . BRSed, 00 kg, O ABNGANESE, 103 e A0S
ﬁ neede 0] |Ye

catal yst. The whi'c yse t car bon an in
many cdses Bé us@@eas aeHe et ent . thise n@hﬁﬁnﬂéﬁlo of tiwat by tdb%am®onitrile

i's preferabﬁgnggeggégt £40 éxaﬁﬂ?e”nbéraﬁr§&§£ébéﬁ EBntBesprgferably in the
range of 1:1-10:1. The water used for the hydrolysis may have a high 15

purity. Fbmever thls property is not obligatory. In addition to fresh
water, it i Shéﬁilﬁgali%o POsSibl e, t Bousexdap Mat elis Ofig Prreeesto Matweingvhi ch
conpri ses greater or | esser amounts of inpurities. Accordingly, it is also
possible to aset ?%%ycled wat er for the hydrolysis.

20 - Handle screw extruder (PZVM8Db type)

- Hutt granule shaping machine system (GR 1 type)
- Schliiter annular die press (PP 127 type)

- Sproud Waldron annular die press

25 In addition to a circular cross section, special shapes
such as “trilobe” (= cloverleaf sghape) or rings are

also possible.

The moist aggregates or the extrudates are preferably
30 dried at a temperatures which does not lead to any
significant impairment in the catalytic activity of the
catalysts. The drying temperature is preferably in the
range from 10 to 200°C, more preferably in the range
from 80 to 120°C. The drying time may, depending on the
35 drying temperature and the pressure at which the drying
takes place, be within a wide range. In many cases, a
sufficient drying time is in the range from 10 minutes

to 30 hours, more preferably in the range from 20



20 In addition, further constituents nmay be present in the reaction m xture
for hydrolysis of the carbonitrile. These include carbonyl conpounds such
. as al dehydes and ketones, especially those which have been used to 25

prepare cya@@hﬂ%ag1 g&yﬂyse with preference as t 'fﬁ&?%%§/dé yd-or
0 n the

exanpl e, acetone and/or acetal dehyde may be present 1 reaction

m xture. This is described, for exanple, in US 4018829-A. The purity of the
al dehydes and/or ketones added is generally not 30 particularly critical.
Accor di ngl y nitthess debstlamees sy conprise inpurities, especially al cohols,
for exanple nethanol, water and/or nethyl a-hydroxyisobutyrate (MH B). The

anount of carbonyl conpounds, especially acetone and/or acetal dehyde, in
the reacti onf’s5 A5G LYer nBy Bduseacifrthi ATNEEE 1PENdES THESEARBBRYI

conmpound i S referiaklly pispdritnean anount in the range of 0.1-6 nol,
preferably 0.1-2 nol, per nole of carbonitrile. The tenperature at which
the hydrolysis reaction is effected may generally be in the range of

10- 150C, pr aebher ablinventhe rangeteiy20- 10@GCatidsnor eclpr ef eehbl yidnn t he

range of 30'§%§axé%%%%di%% t8a%B8x5%g8E29” &ﬁgpeéggﬂéﬁitEQferdﬁg.aSiS
reaction na? be carried out under reduced or el evated pressure. 'S
reaction i sheref erabl gseartpédyorhor® Wwhiklh gepesgdiive hearfgegodums 1- 10

bar, more peef enabl ¥ Gnp1d 0-8ybakshBRaheaEL! @B R Ofa d MR ddr ohysi s
reacti on depends upon factors_including 15 activity of_ the catal yst and

this patamef&Puray it e af BERILRi FESNHsedTRERE SPFRWEITefHS o OV

tenper at ur einbehs tdddhwi &€l r anges. atbe areeatidan dddye ofr tdeadwyts ol ysi s
reaction is.Br terabhﬁ in the n%nﬂe fron139.second§Dgg 15 hours, nore
preferably fPomIBPm RGeS £§<16 Hoars §Rd AS8t °%0 préferably 60 minutes to
5 hours. In continuous processes,the residence tine is preferably 30

seconds to 4achoutsc ante PLetaranly 1osplautes 0,40 bouss,end st

preferably 60 mnutes to our s. ing of the catalyst wth

carbonitY i | vARpabePRRthrn cRiRgel Yige : PPeferehed i diventeriRing 0.01
to 2.0, noreapheherabhys0. 05aha 1. 0 arghaast prefred abl yheterocyclic

carbonitriles. The carbonitriles for use as reactants
may have one, two or more nitrile groups. In addition,
it is also possible to use carbonitriles which have
20 hetercatoms, especially halogen atoms, such as
chlorine, bromine, fluorine, oxygen, sulphur and/or
nitrogen atoms, in the aromatic or aliphatic radical.
Particularly suitable carbonitriles preferably comprise
2 to 100, preferably 3 to 20 and most preferably 3 to 5

25 carbon atoms.

The aliphatic carbonitriles which each have a saturated
or unsaturated hydrocarbon group include acetonitrile,
propionitrile, butyronitrile, iscbutyronitrile,

30 wvaleronitrile, isovaleronitrile, capronitrile and other

saturated mononitriles; malonitrile, succinonitrile,
glutaronitrile, adiponitrile and other saturated
dinitriles; og-aminopropionitrile, a-aminomethylthio-

butyronitrile, oa~aminobutyronitrile, aminoacetonitrile
35 and other o-aminonitriles; cyanoacetic acid and other
nitriles each with a carboxyl group; amino-3-propio-
nitrile and other f-aminonitriles; acrylonitrile,

methacrylonitrile, allyl c¢yanide, crotononitrile or



30 0.1 to 0.4 g of carbonitrile per g of catal yst per hour. The reaction
can, for exanple, be carried out in a fixed bed reactor or in a suspension
-reactor. If gases 35 are used as oxidizing agents, it is possible in

particul ar tygp ussgosore@dted trickl e hed g eactors whikehzenabh £ogeetscont act
of gas, solid and liquid. In trickle bed reactors, the catalyst is arranged

inthe formof a fixed bed. The trickle bed reactor can be operated in
cocurrent or countercurrent node. The reaction m xture thui obt ai ned may
general ly, i addi t461 T @ desFPéﬂ”géFboxanP@@; coNyFi-S8 PPl Rer

constituent ssasspecial ley umednveytedheashoni tarbenandiaay acet on@deand/ or

acetaldehyde]%§§Q£Eﬁ§g9{é¥{§g§h the reaction m xture can be purified, in
whi ch case,é?orﬁéxanple, unconverted cyanohydrin can be split into 10

acetone and hydrogen cyanide, in order to use themagain to prepare the

cyanohyds i n.pahe, Saite. ApDLLES 1.0 L e acel ongqandLaroacel al dehyde pemved.

I n addition, e reaction mxture conprising puri carboxam de can be

freed of fulriter FcolstAnOREMZOTEY-1itedns of /i oM-exehdnge-édlarAbenTo -t his
end, it is passiiblee iH-papti GWArpte; Useo&RtdNe£xchangersandeani,on
exchangers. l.on exchangers 20 suitable for this purpose, are known per se.
For exanpl e PA&diitlsnl e CaYForPeketrangers &an B obt ar hiedt by k% phofat i ng

st yr ene- di vidiyHienzgne .eepaimey,s. Basi-dianilofobxehanders len nmapyscases
conpri se, quat.ernary . anmoni.um.groups_whi ch. are bonded_coyal ent|y.to styrene-
55 B vi 21 b r N S e St 1T S or B Ry oRoBaFbbkBm dos 1<
descri bed i f-mapd tdenditicilient eandl | apther EPaAc@®86623. m@0ofhertaebonitril e
used for thephydnolysi s can L 0edh 4 way ntNg1BLPEEES

accordi ng t% the invention, t %é%ﬁﬁ%ty 0 tﬁgybarbgﬁ%?ri?e, éor‘exgnple

of t hecyanoh§dfi n, P$§&fer aPFPOREEFt | cAinitrilegccor BPRGYY, | EYRBi@Bssible to
use purifiediahaddunpuriiflieed caudopiddddsnforitde hydnabyshscreastion.

15 p-hydroxyphenylacetonitrile, p-hydroxyphenylpropio~
nitrile, p-methoxyphenylacetonitrile and other nitriles

which each have an aralkyl group.

The heterocyclic carbonitriles include especially
20 nitrile compounds which each have a heterocyclic group
which contains a 5~ or 6-membered ring and has at least
one atom which is selected from the group consisting of
a nitrogen atom, an oxygen atom and a sulphur atom as a
heterocatom, for example 2-thiophenecarbonitrile,
25 2-furonitrile and other nitriles which each have a
sulphur atom or an oxygen atom as a heteroatom;
2-cyanopyridine, 3-cyanopyridine, 4~cyanopyridine,
cyanopyrazine and other nitriles which each contain a
nitrogen atom as a heterocatom; 5-cyanoindole and other
30 fused heterocycles; cyanopiperidine, cyanopiperazine
and other hydrogenated heterocyclic nitriles and fused

heterocyclic nitriles.

The particularly preferred carbonitriles include
35 especially oa-hydroxycarbonitriles (cyanohydrins), for
example hydroxyacetonitrile, 2-hydroxy-4-methylthio-
butyronitrile, a-hydroxy-y-methylthiobutyronitrile
(4-methylthio-2-hydroxybutyronitrile), 2-hydroxypropio-



acetone, or an al dehyde, for exanple acetal dehyde, propanal, butanal, wth
hydr ogen cyanide to give the correspondi ng cyanohydrin. Particul ar
preference is given here to reacting acetone and/or acetal dehyde in a 5

typi cal man i | 1 anmount of &l kali or } at al yst.
el dz‘!fdogpﬂt@eoszgég 19 OB BI0 ) @ A &

The am nes use talysis of this reaction can preferably be used
in the formof basic ion exchange resins. 10 Accordingly,the carbonitrile
can preferably be obtained by reacting a ketone or aldehyde w th hydrogen
cyani de in ﬂmiﬁﬁ%%enH@QﬁOQ%Q%&ﬁ%)ca@@@ys@thﬁrﬁxﬁa?fWEghgﬂpéﬁﬁéafnent,

the basic catialyste useddrayhe cganakalii nyet abahydeaxige, pikarwhighecase the
anount of 15 basic catalyst is preferably selected such that the pH of the
m xture usedFEI9 HE By HoAFS O e LBFHNE 1d- | usted to a value in the

range from6.0 to 11 0, preferably 6.5 to 10.0 and nost preferably 8.5 to
9.5. 20 The _hydralysis reaction of the .present inventd ma ecially
Jons ﬁééﬂ%ﬂ%ﬁ%ﬁ?ﬁf?%ﬁp?gge §%sa?%%eveg lf'QQ“? ¥?§§ngn

serve as”an " ter breparing (nethyacrylic
aci ds, espeadiialtdureacradded actd (phepenvimgaces addoretlhaceybircsangd

(2-met hyl pra %%%5(% acid), g_ngp@' kyl (ngt hzgﬁgxl at £5m 20 Aceqr dinghy, the
present 1nventio glso provi des a process fof preparing nethyl nethacrylate

whi ch conpr byesfexaipidr ¢l ysitso steplbgng prosteds ffensd YporesentOi Aventi on.

Processes WhiCh-iy EOAREESE-AR hydkolsi $ssthiepiabackanohydrhagat over epare
(meth)acrylic acid 30 and/or al kyl (meth)acr Iatgsé re detajiled, inter
8

alia, ih0EPI&RSGIAGe 78T EPIA- BT 467:98134S HER- W 0° P Ep- 205041 984,
The present (mpeenti onhwsl | deanldtest r atiedsi nddekads 3updwer ei iattersw th
reference to_exanples. .Exanple 1 .1123.0_.,9. of n e . 0Xi , HSA
type, 12422§§C?y é?@xﬁ%%rgggpﬁ§a§3§ﬁ%ﬂﬁ%§$r8%?%%%2%%m9§%#$0%%?8§9.0 g of
pl astici zer oA (#Hcti gehc208n commerciEbly. aVairl ddie PRORPEFE MineFaks &
Chem cal s) %H@ehglgglg afe 5 Pl ast hﬁh?erca%e(sAréllMﬁ)%rNx NaNQPOUEGE ne

comercially avail abl'e from B+M Not t enkanper, GCesellschaft fur Bergbau und
M ner al 5% of FBighrParas ekl i e Sl REERICTE| PRYH e PTH RIS X efPLE ri ch,

R 02 type) abktamrsagitatopecspestngtidb00am nrdoandtampbateuspeededfiglO 84
mn-1 over tmgfninutes. ubse uentlé W th contiqye nixéngr §§g.1ng of
aqueous si | PEaSEMCES! uti%n ( t r BE6POG830 A SCGRAYer (Tal | yCAVAITADl e from
Chem ewer k Badpkesturez GibH), 15 containing 29% Si 02, and 186.7 g of dist.
water are added to this m xture which is mxed further until the

aggl oner ates have reached a nean size of dianeter 1- 3 nm 20 The noi st

pel | et LGer §idhped @IMOCOoveF a0 RCithiar ap#ee dsaappedrrel o §hef shaped
catal yst bodigscafhe campasiddion, Wapgangse<Hox) dgz87% 25k ast i ehaer
A:1.5% Pl asticizer_ B:1.5% Agueous siljica sol solution:10% .
range from 3 to 5.5. Preference is therefore given to
adding a basic substance to adjust the pH of the
reaction mixture. To this end, it is possible with
25 preference to use hydroxides or oxides, which are more
preferably formed by alkaline earth metals or alkali
metals. These include Ca(OH); and Mg(OH),, Mg0O, CaoO,
NaOH, XOH, LiOH or Li,O. Very particular preference is
given here to using LiOH or Li,O0. It is theoretically
30 also possible to use amines to adjust the pH. However,
it has been found that the use of amines can have an
adverse effect on the lifetime of the catalyst. The
proportion of amines, especially to adjust the pH in
the reaction mixture, is therefore preferably at most
35 0.1% by weight, more preferably at most 0.01% by weight
and most preferably at most 0.001% by weight. In a
particular aspect, no significant content of amine is

added to adjust the pH of the reaction mixture. In the



(cal cul ated as 5i02) 30 The theoretical conposition of the pellets is shown
in Table 1. NO 2009/130075- 25 -PCT/ EP2009/ 052239 Tabl e 1: Conposition of
“the catalyst obtained in Exanple 1 Constituent Content M02 (% 81.196

8102 (9 12'0\?03%6:06‘92%65@5 0.160 Al 203 (l%c) 0. 457 Ca'pc¥%990&32052239

context of the present invention, ammonia (NH;) 1is

included among the amines.

In this context, it should be emphasized that the
5 manganese dioxide-containing catalyst in many cases has
amphoteric properties; the pH of the reaction mixture
in the course of the reaction is therefore influenced
significantly by the type and amocunt of the catalyst.
The expression “the reaction mixture added to the
10 manganese dioxide-comprising catalyst” 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.
15
It has been found that, surprisingly, hydrolysis in the
presence of lithium ions leads to a particularly long
lifetime of the manganese dioxide-comprising catalyst.
To further improve the process according to the
20 invention, it is accordingly possible to add lithium
compounds, especially water-soluble 1lithium salts, to
the reaction mixture, for example LiCl, LiBxr, Li;S804,
LiOH and/or Liy0. The concentration of lithium compounds
is preferably in the range from 0.001 to 5% by weight,
25 more preferably 0.01% by weight to 1% by weight. The
addition can Dbe effected during or Dbefore the

hydrolysis reaction.

The hydrolysis of the carbonitrile to the carboxamide
30 preferably takes place in the presence of an oxidizing
agent. Suitable oxidizing agents are widely known in
the technical field. These oxidizing agents include
oxygen-containing gases; peroxides, for example
hydrogen peroxide (H3;0;), sodium peroxide, potassium
35 peroxide, magnesium peroxide, calcium peroxide, barium
peroxide, Dbenzoyl peroxide and diacetyl ©peroxide;
peracids or salts of peracids, for example performic

acid, peracetic acid, sodium persulphate, ammonium



O(% 0.183 Na20 (% 0.012 K20 (%9 2.753 TiO2 (% 0.019 P205 (%9 0.005 S
(%9 0.073 Ignition loss (% 2.385

WO 2009/130075 - 19 - PCT/EP2009/052239

persulphate and potassium persulphate; and oxo acids or
salts of oxo acids, for example periodic acid,
potassium periodate, sodium periodate, perchloric acid,
potassium perchlorate, sodium perchlorate, potassium
5 chlorate, sodium chlorate, potassium bromate, sodium
iodate, iodic acid, sodium hypochlorite, permanganate
salts, for example potassium permanganate, sodium
permanganate and lithium permanganate, and salts of
chromic acid, for example potassium chromate, sodium

10 chromate and ammonium chromate.

The amount of the oxidizing agent used may be within a
wide range, though the reactants and products should
not be oxidized by the oxidizing agent. The oxidation
15 sensitivity of these substances may therefore limit the
use of the oxidizing agents. The lower limit arises
from the improvement in the service 1life of the
catalyst to be achieved. The molar ratio of oxidizing
agent to carbonitrile is preferably in the range from

20 0.001:1 to 2:1, more preferably from 0.01:1 to 1.5:1.

These oxidizing agents can be added to the reaction
nixture, for example, as a solution and/or as a gas.
The oxidizing agents used are more preferably gases
25 which comprise oxygen. In this case, the gas may
comprise molecular oxygen {03) or ozone (03). In
addition, the gas used as the oxidizing agent may
comprise further gases, especially inert gases, such as
nitrogen or noble gases. In a particular aspect, the
30 gas may preferably comprise 50 to 98% by wvolume of
inert gas and 2 to 50% by volume of molecular oxygen
(02) . The preferred gases include especially air. In
addition, it is also possible to use a gas which
contains less than 20% by volume, especially less than
35 10% Dby wvolume, of molecular oxygen, these gases
comprising generally at least 1% by volume, preferably

at least 2% by volume, of oxygen.



Total (% 100 000 5 To determ ne the mechanical properties of the
catal yst, the specific side crushing strength was neasured. In the
nmeasur enent of the specific side crushing strength, a specinen is placed

above a fix%g)gﬁﬂggh@%d¢@N and pressed-wWth a nnbi%@Tp$§§§bggog§yéyﬁth

increasing 10 force until the specinen fractures. e fracture 1s detected
electronically and the force expended until the tinme of fracture is
reported. A constant rise in force of 50 NNs was enpl oyed here. The

neasur ement Th&s &0 edC BuPXWPER -8 OTBRI S50 IneESUrRPdYSs $hsthufest f£hem 15

Erweka GrbHreh3-t63400nHeusaenshapmy,rEeethslyprepert i@s ofatfe pebhets
obtained in _Exa %e 1 are shown '? Tabl.e 2, Exanple 2 20 Exanple 1 was
essenti al | y FPepeal &d 206 JBpE S t RAETEREHT st agdforetades fhefe Hot Eari ed,
but rather poocessetréd)/eolditt bgeadule shapyng fmasdhidgiensyst amvkORe1 t ype)
to givgsextrudates W t h aldi%heter of 1.6 mm The shaped catal yst was
dried at® 1006™F4r*16% 6 “d&er mi ne t he mechani cal properties of the
catalyst, 5 the specific side crushing strength was neasured. Further

properties t e .qbt al i are_s | e 2.
Exanpl e 3 1gkﬁx§%ﬁ%ét%ﬁgg%1é%gé%%?ﬁ y@?g%gg?égyg%xéggtQ%ﬁg?h?ﬁgggéist
aggl oner at e§aferE nBENYr | EE DUt Pratbied précessedsPhvansSchlTier mahaul ar die

press systeputPBL2E tyRedrt @ Oive 8t Tudates: W i o2 Hd1et &t 0l cdsd MM The
shaped 15 catal yst was dried at 100C for 10 h. The shaped catal yst was
dried at’ 10 6:f%ﬁelﬁmﬁ?er”ﬂ%%%rﬁﬁnéw?ﬁ%rnéfhaﬁ?ﬁ%?anBbé?tPé% BPTEhe

catal yst, tpeespeabiyc simle chashiragget r engt howas 1reasur ethn20 huist her
properties gf the.gxtrydatg obtabned i 0. Fxapphe

The water used for the hydrolysis may have a high
15 purity. However, this property 1is not obligatory. In
addition to fresh water, it is thus also possible to
use tap water or process water which comprises greater
or lesser amounts of impurities. Accordingly, it 1is
also possible to use recycled water for the hydrolysis.
20
In addition, further constituents may be present in the
reaction mixture for hydrolysis of the carbonitrile.
These include carbonyl compounds such as aldehydes and
ketones, especially those which have been used to
25 prepare cyanohydrins for use with preference as the
carbonitrile. For example, acetone and/or acetaldehyde
may be present 1in the reaction mixture. This 1is
described, for example, in US 4018829-A. The purity of
the aldehydes and/or ketones added is generally not
30 particularly critical. Accordingly, these substances
may comprise impurities, especially alcohols, for
example methanol, water and/or methyl o-~hydroxyiso-
butyrate (MHIB). The amount of carbonyl compounds,
especially acetone and/or acetaldehyde, in the reaction
35 mixture may be used within wide ranges. The carbonyl
compound is preferably used in an amount in the rangé
of 0.1-6 mol, preferably 0.1-2 mol, per mole of

carbonitrile.



3 are shown in Table 2. Table 2: Properties of the catal ysts obtained in
Exanples 1 to 3 25 Exanple Foim Pellet Extruda e Extrudate

WO 2009/130075 - 21 - PCT/EP2009/052239

The temperature at which the hydrolysis reaction 1is

effected may generally be 1in the range of 10-150°C,

preferably in the range of 20-100°C and more preferably
5 in the range of 30-80°C.

According to the reaction temperature, the hydrolysis
reaction may be carried out under reduced or elevated
pressure. This reaction is preferably carried out
10 within 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 carbonitriles wused, the
15 activity of the catalyst and the reaction temperature,
and this parameter may be within wide ranges. The
reaction time of the hydrolysis reaction is preferably
in the range from 30 seconds to 15 hours, more
preferably from 15 minutes to 10 hours and most

20 preferably 60 minutes to 5 hours.

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

25 hours.

The 1loading of the catalyst with carbonitrile may be
within a wide range. Preference is given to using 0.01
to 2.0, more preferably 0.05 to 1.0 and most preferably
30 0.1 to 0.4 g of carbonitrile per g of catalyst per

hour.

The reaction can, for example, be carried out 1in a
fixed bed reactor or in a suspension reactor. If gases
35 are used as oxidizing agents, 1t is ©possible in
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



Diameter nm1.5-2 1.6 1.4 Length nmm 2 - 7 2 - 7 Spec.side crushing

strength N
(M02, ESA
Com | 0g),

pl asti ci zer
Chem cal s)

10

15

20

25

30

35

mm 0.55 6.2 7.4 Exanple 4 1000. 0 g of nanganese oxi de

type, 1242239 30 type, commercially available from Erachem

(52170817208 mor i alty vl abl o front T M Re( 47874
and 62.5 g o

form of a fixed bed. The trickle bed reactor can be

operated in cocurrent or countercurrent mode.

The reaction mixture thus obtained may generally, in
addition to the desired carboxamide, comprise further
constituents, egpecially unconverted carbonitrile and
any acetone and/or acetaldehyde used. Accordingly, the
reaction mixture can be purified, in which case, for
example, unconverted cyanohydrin can be split into
acetone and hydrogen cyanide, in order to use them
again to prepare the cyanohydrin. The same applies to

the acetone and/or acetaldehyde removed.

In addition, the reaction mixture comprising purified
carboxamide can be freed of further constituents by

means of ion exchange columns.

To this end, it is possible in particular to use cation
exchangers and anion exchangers. Ion exchangers
suitable for this purpose are known per se. For
example, suitable cation exchangers can be obtained by
sulphonating styrene-divinylbenzene copolymers. Basic
anion exchangers in many cases comprise quaternary
ammonium groups which are bonded covalently to styrene-

divinylbenzene copolymers.

The purification of a-hydroxycarboxamides is described

in more detail, inter alia, in EP-A-0686623.

The carbonitrile wused for the hydrolysis can be
obtained in any way. In the process according to the
invention, the purity of the carbonitrile, for example
of the cyanohydrin, is generally uncritical.
Accordingly, it 1s possible to wuse purified or

unpurified carbonitrile for the hydrolysis reaction.

To prepare cyanohydrins for use with preference, it is

possible, for example, to react a ketone, especially



pul verul ent bi nder (Sipernat 320r type, commercially available from Evoni k
Degussa GrbH) are dry-mxed 5 intensively in a mxer (Eirich, R 02 type) at
an agitator speed of 1500 min-1 and a plate speed of 84 min-1 over

m nutes. SuRgegueit ot h continued ghXing, 431. I]QC%I 3 %rorﬁgﬁﬁ silica

sol solution (Koestrosol 0830 A, commercially avai ewer k Bad
Kostritz GrbH), containing 29% Si 2, and 230.0 g of dist. water are added
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nmegapascal as the "BCSff value. The net hod

10 Accordingly, the carbonitrile can preferably be
obtained by reacting a ketone or aldehyde with hydrogen
cyanide in the presence of a basic catalyst. In a
particular embodiment, the basic catalyst used may be
an alkali metal hydroxide, in which case the amount of

15 Dbasic catalyst is preferably selected such that the pH
of the mixture used for the hydrolysis reaction is
adjusted to a wvalue in the range from 6.0 to 11.0,

preferably 6.5 to 10.0 and most preferably 8.5 to 9.5.

20 The hydrolysis reaction of the present invention may
especially serve as an intermediate step in processes
for preparing (meth)acrylic acids, especially acrylic
acid (propenoic acid) and methacrylic acid (2-methyl-
propenoic acid), and alkyl (meth)acrylates.

25 Accordingly, the present invention also provides a
process for preparing methyl methacrylate which
comprises a hydrolysis step by a process of the present
invention. Processes which may comprise a hydrolysis
step of c¢yanohydrins to prepare (meth)acrylic acid

30 and/or alkyl (meth)acrylates are detailed, inter alia,
in EP-A-0 406 676, EP-A-0 407 811, EP-A-0 686 623 and
EP-A-0 941 984.

The present invention will be illustrated in detail

35 hereinafter with reference to examples.

Example 1



Is sufficiently well known as the "shell test" and is used principally for
refinery catal ysts. The results obtained fromthe pellets obtained in 5
- Exanple 4 are shown in Table 4. Table 3: Conposition of the catalyst

obt ai ned inyﬁégygégkg? stituent CQngQgF_NhOZ (@%c¥§E§§60§@9§2§%@ 18. 434

Fe203 (% O 0.495 CaO (%°0.099 MyO

1123.0 g of manganese oxide (MnO2, HSA type, 1242239
type, commercially available from Erachem Comilog),
19.0 g of plasticizer A (Actigel 208, commercially
available from ITC Minerals & Chemicals) and 19.0 g of
5 plasticizer B (Arginotex NX Nanopowder, commercially
available from B+M Nottenkdmper, Gesellschaft  flr
Bergbau und Mineralstoffe mbH u. Co. KG) are
intensively dry-mixed in a mixer (Eirich, R 02 type) at
an agitator speed of 1500 min* and a plate speed of

10 84 min! over two minutes.

Subsequently, with continued mixing, 445.1 g of agueous
silica sol solution (Koestrosol 0830 A, commercially
available from Chemiewerk Bad Kostritz GmbH) ,
15 containing 29% Si0,, and 186.7 g of dist. water are
added to this mixture which is mixed further until the

agglomerates have reached a mean size of diameter 1-

3 mm.

20 The moist pellets were dried at 100°C over 10 h.

Thig affords approx. 1100 g of shaped catalyst bodies.

The composition:

Manganese dioxide: 87%
25 Plasticizer A: 1.5%
Plasticizer B: 1.5%
Aqueous silica sol solution: 10%

(calculated as S5i0;)

30 The theoretical composition of the pellets is shown in

Table 1.



(9% 0.461 Na20 (% 0.031 1{20 (%9 2.466 TiO2 (% 0.022 P205 (% 0.000 S (%
0.067 Ignition loss (% 3.469

WO 2009/130075 - 25 - PCT/EP2009/052239

Table 1: Composition of the catalyst obtained in

Example 1

Constituent Content
MnO, (%) 81.196
Si0; (%) 12.635
Fey05 (%) 0.160
Al,05 (%) 0.457
CaO (%) 0.122
MgO (%) 0.183
Na,0 (%) 0.012
K0 (%) 2.753
TiO, (%) 0.019
P,0s5 (%) 0.005
S (%) 0.073
Ignition loss (%) 2.385
Total (%) 100 000

5 To determine the mechanical properties of the catalyst,
the specific side crushing strength was measured. In
the measurement of the specific side crushing strength,
a specimen 1is placed above a fixed pressing jaw and
pressed with a mobile pressing jaw with increasing

10 force wuntil the specimen fractures. The fracture 1is
detected electronically and the force expended until
the time of fracture is reported. A constant rise in
force of 50 N/s was employed here. The measurement was
carried out with a TBH 250 measuring instrument from

15 Erweka GmbH, D-63150 Heusenstamm. Further properties of

the pellets obtained in Example 1 are shown in Table 2.

Example 2

20 Example 1 was essentially repeated, except that the
moist agglomerates were not dried, but rather processed

in a Hutt granule shaping machine system (GR 1 type) to



Total (% 100.000 10 Exanple 5 Exanple 4 was essentially repeated, except
that the noist agglonerates were not dried, but rather processed 15 in a
Hutt granul e shapi ng machine system (GR 1 type) to give extrudates vvith a

di t f 1.6 T d catal yst dried at_100
dle?g?m'e;\eot H%O n?em/n]rgi??€?ggertc?eg )c/ﬂ? 4 esca{ ;Fys??Téﬁpgﬁégé&g%gP ue (bul k

crushing strength) was neasured. The results obtained fromthe extrudate
obtained in Exanple 5 are shown in Table 4. WD 2009/ 130075- 29
- PCT/ EP2009/®552<239xExadpte86mE>thpsh eddamaseessdntl af Imym r epleat ethapexicept

that the 5 moj I&ggr&te&dwem(}g; 1%&{3%%?9{ Ora_t her processed in a

Schl | at er annu di e press system gi ve extrudates having a
di aneter of 1. 0 nm The shaped catal yst was dried at 100C for 10 h. 10 To

det er m ne t he, rechanh cal @a@pﬁé&hgﬁl%ltpgoﬁéx@wgtoft @ﬁ@%ﬂ&% (bul k

crushi ng strength) was_neasured he results obtained fromthe extrudate
obt ai nedSi n BANPFREG Bt sHbwWR |ﬁr¢‘é}BPé94 stpergblle Wasprgaptires . -of the

catal ysts obtaimed igrdanples Jrtend ExarphetedobtBined in Example

2 are shown 1in Table 2.

Example 3
10
Example 1 was essentially repeated, except that the
moist agglomerates were not dried but rather processed
in a Schliter annular die press system (PP127 type) to
give extrudates with a diameter of 1.4 mm. The shaped
15 catalyst was dried at 100°C for 10 h. The shaped
catalyst was dried at 100°C for 10 h.

To determine the mechanical properties of the catalyst,
the specific side c¢rushing strength was measured.
20 Further properties of the extrudate obtained in Example

3 are shown in Table 2.

Table 2: Properties of the catalysts obtained in
Examples 1 to 3
25

Example 1 2 3

Form Pellet | Extrudate | Extrudate

Diameter mm 1.5 - 2 1.6 1.4

Length mm 2 -7 2 -7

Spec. side crushing N/mm 0.55 6.2 7.4

strength

Example 4

1000.0 g of manganese oxide (Mn0O2, HSA type, 1242239

30 type, commercially available from Erachem Comilog),



Form Pellet Extrudate Extrudate Diameter nm1.5-2 1.6 1 Length nm
WO 2009/130075 - 27 - PCT/EP2009/052239

62.5 g of plasticizer (Actigel 208, commercially
available from ITC Minerals & Chemicals) and 62.5 g of
pulverulent binder (Sipernat 320r type, commercially
available from Evonik Degussa GmbH) are dry-mixed
5 intensively in a mixer (Eirich, R 02 type) at an
agitator speed of 1500 min' and a plate speed of

! over 2 minutes.

84 min”
Subsequently, with continued mixing, 431.0 g of agqueous
10 silica sol solution (Koestrosol 0830 A, commercially
available from Chemiewerk Bad Kbstritz GmbH) ,
containing 29% S10;, and 230.0 g of dist. water are
added to this mixture which is mixed further until the

agglomerates have reached a mean size of diameter 1-

15 3 mm.
The moist pellets were dried at 100°C over 10 h.

This affords approx. 1200 g of shaped catalyst bodies.

20 The composition:

Manganese dioxide : 80%

Plasticizer : 5%

Pulverulent binder : 5%

Agueous silica sol solution: 10% {(calculated as
25 S1037)

The theoretical composition of the pellets is shown in
Table 3.
To determine the mechanical properties of the catalyst,
30 the BCS value (bulk crushing strength) was measured. To
determine the BCS value, a small cylinder is filled
with shaped bodies and subjected to increasing pressure
from above with a plunger, always for a period of three
minutes, until the resulting fracture (< = 0.42 mm) has
35 a proportion of 0.5% of the total amount of material
used. The pressure corresponding to this proportion is

reported in megapascal as the “BCS” wvalue. The method



2 - 72 - 7BCSNmMO.88 1.05 0.62 Exanple 7 1167.0 g of manganese oxi de
(Mn02, HSA type, 1242239 type, commercially available from Erachem Com | 0Q)
and 30 145.9 g of plasticizer (Arginotex NX Nanopowder,

comerci al | i +M\ot t enka For the j abl e 4,
however, it 's géu[i@g)}bg%@gr?ot ed t hat Ir[g%ge ‘particl egaltPZﬁgzﬁggwakgﬁgval ues,
since smaller particles reach the proportion of fragnents predefined as the
end value nore rapidly. The extrudate according to Exanple 5 is therefore
si gni ficant |35 ndvefstaphely harlihénmell ets &beor'dihw) It ot E&@hphed4is25 WO
2009/ 130075, 30, (RGHE22009/ 0452239, Genel} sehalt, Lk, Ber gbau und

M neral stoffe nbH u. Co. KG are intensively dry-mxed in a mxer (Eirich,
R 02 type) at an agitator speed of 1500 mn-1 and a plate speed of 84 mn-1

over 2 mnutes YeSubsequeddaindd t i cant ivhed JaiXidte abcannadi t ahor speed
of 450 rpm _487. of aaueous silica sol solution (Koestrosol 0830 A,

g
commer ci al | yEAEISH &5 G ERerite Bddt Kostritz GrbH), containing 29%
Si 02,

Table 3: Composition of the catalyst obtained in

Example 4
Constituent Content
MnO, (%) 74.284
510, (%) 18.434
Fe,03 (%) 0.173
Al,0; (%) 0.495
Cao (%) 0.099
MgO (%) 0.461
Na;0 (%) 0.031
K,0 (%) 2.466
TiO; (%) 0.022
P20s (%) 0.000
S (%) 0.067
Ignition loss (%) 3.469
Total (%) 100.000

10
Example 5

Example 4 was essentially repeated, except that the
moist agglomerates were not dried, but rather processed
15 in a Hutt granule shaping machine system (GR 1 type) to
give extrudates with a diameter of 1.6 mm. The shaped

catalyst was dried at 100°C for 10 h.

To determine the mechanical properties of the catalyst,
20 the BCS wvalue (bulk crushing strength) was measured.
The results obtained from the extrudate obtained in

Example 5 are shown in Table 4.
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10
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25
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Example 4 was essentially repeated, except that the
moist agglomerates were not dried, but rather processed

in a Schliter annular die press system (PP127 type) to
give extrudates having a diameter of 1.0 mm. The shaped

catalyst was dried at 100°C for 10 h.

To determine the mechanical properties of the catalyst,

the BCS wvalue (bulk crushing strength) was measured.

Cont ent

The zresults obtained from the extrudate obtained in
Example 6 are shown in Table 4.

Table 4: Properties of the catalysts obtained in
Examples 4 to 6

Example 4 5 6

Form Pellet Extrudate | Extrudate
Diameter mm 1.5 - 2 1.6 1
Length mm 2 -7 2 =7
BCS N/mm 0.88 1.05 0.62

it should be

since

For the wvalues shown in Table 4, however,

noted that large particles tend to higher wvalues,
smaller particles reach the proportion of fragments
predefined as the end value more rapidly. The extrudate
according to Example 5 i1is therefore significantly more

stable than the pellets according to Example 4.

Example 7

1242239

and

1167.0 g of manganese oxide (MnO2, HSA type,
type, commercially available from Erachem Comilog)
145.9 g of NX

commercially

(Arginotex Nanopowder,

B+M

plasticizer

available from Nottenkdmper,



Al 203 (% 2.109 CaO (% 0.633 MyO (% 0.316 Na20 (% 0.016 WD 2009/ 130075-
31 - PCT/ EP2009/ 052239 Constituent Content 1(20 (% 3.026 Ti Q2 (% 0.084

WO 2009/130075 - 30 - PCT/EP2009/052239

Gesellschaft fir Bergbau und Mineralstoffe mbH u. Co.
KG) are intensively dry-mixed in a mixer (Eirich, R 02

1

type) at an agitator speed of 1500 min™™ and a plate

! over 2 minutes.

speed of 84 min~
Subsequently, with continued mixing, at an agitator
speed of 450 rpm, 487.9 g of agqueocus silica sol
solution (Koestrosol 0830 A, commercially available
from Chemiewerk Bad Kdstritz GmbH), containing 29% S$i0,,
10 and 343 g of dist. water are added to this mixture
which is mixed further until a homogeneous composition

is obtained.

The moist composition was processed with a Hiandle screw

15 extruder (PZVM8BDb type) to give cloverleaf-shaped
extrudates. The shaped catalyst was dried at 100°C for
10 h.

The composition of the catalyst is found to be:

20 Manganese dioxide : 80%
Plasticizer : 10%
Aqueous silica sol solution: 10% (calculated as
S10;3)

25 The theoretical composition of the dried catalyst is

shown in Table 5.

Table 5: Composition of the catalyst obtained in

Example 7
30

Constituent Content
MnoO; (%) T74.721
Si0; (%) 15.412
Fe,03 (%) 0.738
Al,05 (%) 2.109
Cao (%) 0.633
MgO (%) 0.316
Na,0 (%) 0.016
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Example 8

1242239

and

(MnoO2,
type, commercially available from Erachem Comilog)
145.9 g of NX
commercially Nottenkd&mper,
Gesellschaft fir Bergbau und Mineralsgtoffe mbH u. Co.
KG) (Eirich, R 02
type)
speed of 84 min™*

1167.0 g of manganese oxide HSA type,

(Arginotex Nanopowder,

B+M

plasticizer
available from

are intensively dry-mixed in a mixer

-1

at an agitator speed of 1500 min and a plate

over 2 minutes.

with continued mixing, 487.9 g of agueous
(Koestrosol 0830 A,
Cheniewerk Bad
containing 29% Si0,, and 137.5 g of dist.

added to this mixture which i1s mixed further until a

Subsequently,
commercially

GmbH) ,

water are

silica sol solution

available from Kdstritz

homogeneous composition is obtained.

The moist composition was processed with a Schliter
annular die press to give 0.8 mm cylindrical rods. The

shaped catalyst was dried at 100°C for 10 h.

The composition of the catalyst is found to be:
80%
10%
10%
51.0,)

Manganese dioxide

Plasticizer

Aqueous silica sol solution: (calculated as

3 vai | abl e fﬁ@@yégg@@gpégggggper

are intensively
R 02 10 type) at an agitator speed of 1500
with

0830

cont ai ni ng
S mxture which is



20 The nvoi st conposition was processed wth a Schluter annular die press to
give 0.8 mmcylindrical rods. The shaped catal yst was dried at 100C for 10
h. The conposition of the catalyst is found to be: 25 Manganese di oxi de80%
Pl astici zer 10% izl i ca sol sol uti,on: 10% (c | WO
2005 15007633 OBCA RO 600! 053930 Tha Eheor ot i ca%@)n%%gﬁf@nﬁr%ﬁ t he
dried catalyst is shown in Table 6. Tabl e 6: Conposition of the

catal yst obtained in 5 Exanple 8 Constituent Content M02 (% 74.721 Si02
(% 15.412 FBROFHegyrakizggl Arpgosition for the dried catalyst is

shown in Table 6.

Table 6: Composition of the catalyst obtained in
5 Example 8

Constituent Content

MnO, (%) 74.721
Si0; (%) 15.412
Fe,0; (%) 0.738
Al,05 (%) 2.109
Cal (%) 0.633
MgO (%) 0.316
Na,0 (%) 0.016
K50 (%) 3.026
TiO; (%) 0.084
P20s (%) 0.032
S (%) 0.067
Ignition loss (%) 2.846
Total (%) 100.000

Comparative Example 1

10 To 1123.0 g of manganese oxide (Mn0O2, HSA type, 1242239
type, commercially available from Erachem Comilog),
with continued mixing in a mixer (Eirich, R 02 type) at

! and a plate speed of

an agitator speed of 1500 min”
84 min?, are added 445.1 g of aqueous silica sol
15 solution (Koestrosol 0830 A, commercially available
from Chemiewerk Bad Késtritz GmbH), containing 29% SiO,,
and 186.7 g of dist. water, and mixing is continued
until the agglomerates have reached a mean size of
diameter 1-3 mm.
20
Attempts were made to process the moist agglomerates

with a Héndle screw extruder (PZVM8b type) to give



(% 2.109 CaO (% 0.633 MyO (% 0.316 Na20 (% 0.016 K20 (% 3.026 Ti 2 (%
0.084 P205 (% 0.032 S (% O0.067

WO 2009/130075 - 33 - PCT/EP2009/052239

cloverleaf-shaped extrudates. The extrusion begins with
already very inhomogeneous extrudate emergence from the
die plate. The material discharge becomes increasingly
worse in terms of shape, and the pressure in the head

5 upstream of the die plate, which beging at approx.
14 bar, rises rapidly to more than 30 bar. The
increasingly worse extrudate emergence 1is accompanied

by cessation of discharge for the most part. The
machine i1s switched off at this time in order to

10 prevent damage as a result of overloading. After the
machine has been opened, the material in the pressure

head upstream of the die plate has solidified.

Examples 9 to 11

15
Example 7 was essentially repeated, except that the

proportions by weight of the plasticizer and of the
binder were altered. The moist aggregates were
processed with a Hdndle screw extruder (PZVM8b type) to
20 give extrudates of diameter 2 mm. The shaped catalyst
was dried at 100°C for 10 h. The specific side crushing
strength of the resulting extrudates was studied. The

results obtained are shown in Table 7.

25 Table 7: Strength of the catalysts obtained in Examples

9 to 11

Example Plasticizer 510, from sol | Strength
w(%) w(%) (N/rmm)

9 5 5

10 5 10

11 5 15

In the range tested, the hardness increases with the

30 binder content.

Example 12



Ignition loss (% 2.846 Total (% 100.000 Conparative Exanple 1 10 To
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i ncr easi Agl XYY Bt udar’e @%er‘%‘?cd}gi%gah’%ﬁﬁaﬁinéid B cREsHERGR Cof

di scharge f @f thecbose past .colhedrmehisae kS tsnidechedief foRt 60 MCSahidne i n

order to 10 prevent darr%%e as a gsul% of,. over| aﬁi ng. After the machine
h
intfe pr ﬁhy

has been opénéd Ctie Materivalc i n 2sslife Read tipstiFeam?St t HESdi e

pl at e has sdnmid+d.ed3 Exanpl @asefone IiabehExkampl epdrwas e@Ssentiralvby
repeated, e t,pat the proportions by weight of the plasticizer and of
the binder were altered. The noi st aggregates were processed with a Handl e
screw ekPruder (PZVMBb type) to 20 give extrudates of diameter 2 ram The

shaped cat alpeti tvesdrived:sta 3R0G fQpAddk h. 2 Ihenspsei hie skdemghushi ng
strength of the resulti ng extEUdat es was shudl ed. A’he results obtai_ned are
shown in Tabl a4 pressufe o approx. 1 bar, an the amount of

catalyst was approx. 40 g.

15 The ACH conversion was 19.4%, the HIBA selectivity
95.4%.

Example 13
20 Example 12 was esgentially repeated, except that a

catalyst obtainable according to Example 2 was used.

The ACH conversion was 21%, the HIBA selectivity 97.5%.

Example 14

25
Example 12 was essentially repeated, except that a
catalyst obtainable according to Example 3 was used.
The ACH conversion was 38.3%, the HIBA selectivity
97.0%.

30
Example 15

Example 12 was essentially repeated, except that a
catalyst obtainable according to Example 4 was used.
35 The ACH conversion was 32%, the HIBA selectivity 74.1%.



25 Table 7: Strength of the catalysts obtained in Exanples 9 to 11 Exanple

Pl astici zer
. 8.8 11 5

10

15

5102 fromsol Strength W% W% (N nmm 9 555,910
WO 2009/130075 - 35 - PCT/EP2009/052239
Example 16

Example 12 was essentially repeated, except that a
catalyst obtainable according to Example 5 was used.

The ACH conversion was 17%, the HIBA selectivity 97.0%.

Example 17

Example 12 was essentially repeated, except that a
catalyst obtainable according to Example 6 was used.
The ACH conversion wasgs 50.1%, the HIBA selectivity
96.1%.

These examples show that the inventive catalysts have
outstanding properties. It 1s surprisingly possible
through the shaping to improve the selectivity and the

conversion.

5

10



15 9.4 In the range tested, the hardness increases with the 30

bi nder content. Exanple 12 WD 2009/130075- 34 -PCT/ EP2009/ 052239 The
properties of a catal yst obtained according to Exanple 1 were studied in a
trickle bed reactor. To this end, a m xture of 30% by wei ght of acetone 5
cyanohydrin, 40% by wei ght of water and 30% by wei ght of acetone was
converted at a tenperature of 60C apg6§1andard pressure. The | oading of the
catal yst was approx. 3 g of acetone tyanohydrin per g of catal yst per hour.
10 Additionally used were approx. 250 ml of air per mnute at a pressure of
approx. @lakag, and the anount of catal yst was approx. 40 g. 15 The ACE
conversion was 19.4% the H BA selectivity 95.4% Exanple 13 20 Exanple 12

was essenti aldxtafRPst fsactPyCeMbohRAes AWRRLASE! ciAtapicn@Bl Gndhgpihe Ng to
Exanpl e 2 was useéd. The ACE“conversion was 21% the H BA selectivity 97.5%

Exanpl e cetalgst Egenppises 1at Jeast e8@%nby aveight ejfeatandanese efioxitthawith amt al yst

bt ai nab| di le 3. d. . Th ' 38. 3%
Che R B BRFGAL Ry WP CEoiNgs SRl RN d ©7 fot et Basl Bhey
repeat egbmmm; tH Ataryapatal distid® Madinged Ispeakie Wuiaee dreabi¥an®lrange Was

used. 35 The ACH conversion was 32% the HIBA selectivity 74.1%

from 100 to 1000 m*/g and the plasticizer being a clay mineral.

2. Catalyst according to Claim 1, characterized in that the catalyst
comprising manganese dioxide comprises at least one binder, the binder

comprising SiOa.

3. Catalyst according to at least one of the preceding claims, characterized
in that the binder is a silicate having a specific surface area in the range from
150 to 400 m?/g.

4. Catalyst according to at least one of the preceding claims, characterized
in that the plasticizer has a Moh's hardness in the range from 0.5 to 3.

5. Catalyst according to at least one of the preceding claims, characterized

in that the catalyst comprises alkali metal and/or alkaline earth metal ions.

6. Catalyst according to at least one of the preceding claims, characterized
in that the catalyst comprises at least 80% by weight of manganese dioxide with
an empirical formula MnOy where x is in the range from 1.7 to 2.0.

7. Process for preparing a catalyst according to at least one of the
preceding Claims 1 to 6, characterized in that at least one pulverulent



Exanpl e 16 Exanple 12 was essentially repeated, except that a catal yst

obt ai nabl e according to Exanple 5 was used. 5 The ACH conversion was 17%
the HI BA selectivity 97.0% Exanple 17 Exanple 12 was essentially repeated,
except that a 10 catal yst obtainable according to Exanple 6 was used. The
ACH conversion was 50.1% the H BA selectivity 96.1% These exanpl es show
that the inventive catal ysts have 15,0utstanding properties. It is
surprisingly possible through the shaping to inprove the selectivity and

t he conversion. (ﬁ:lajms 1. Catalyst for reacting carbonitriles with water,
char act NPDGANGSE FRXIASWEN @Q@é’l‘@ig%/a‘c%%‘t”? QOxWheER X 1S Bohie@naRifgM of
manganese7di@xp de apt Bt 38a8MiHd GlverQleY! RabiieMBBE Emixdd tb obtdfin F @nge.
from1l.7 to 2.0, and at | east one plasticizer, t%e manganese di oxl de havi ng
a speci fagglemeraies area in the range from 100 to 1000 n2/g and the

pl asticizer being a clay mneral. 2. Catalyst according to daiml,
characterized in that the catal yst conprising nanganese di oxi de conpri ses
at | east one binder, the binder conprising Si02. 3. Catalyst according to
at | eastg.one Rbcede REETEMGNG0CIGAAINE, 7 Clhidapgdtefize®dini thahahet hextdirader is a
silicate having a specific surface area in the range from 150 to 400 n2/g.
4. Cat al SHPPHYCEDr i IRAX 00RE PE¥SUIe emanganese r@esdenyitbl annempirical

char act eg.| '”hggh e, pkast ci ' r SS, | h ange
fromO. tréﬁ%_ X g%qéégyétlgaﬁ]cgﬁ%ﬁ%ég?gﬁ%@ :Yt'e)gsf g'@egﬁg ?hé@ap%tég i ng

cl ai ms, milegratentrplasctiden it edmikbe it al litatid Gimger| seeraltkalliquiebmldeand/ or

al kaline earth netal ions. 6. Catalyst according to at |east one of the

pr ecedi MPRPUEESAt I8ashoNa 2388 i n that the catal yst conprises at |east 80%
by wei ght of manganese di oxide with an enpirical forrmula MIOx where X is in
the range from1l.7 to 2.0. 7. Process for preparing a catal yst according
to at | east one of the preceding Clains 1 to 6, characterized in that at

| east ord pulRreceseaccordirgitomingastase ofi Grinde 7wirtth charasterizadcialthétoa nul a

MhOx wh iS.in the r from1 7 to 2.0 and at | east one pul verul ent
pl asti cieé"gyég,'ezﬂrpiﬂ}f}e%% 885@58% le\z;egﬂ'orner ates. 8. Process according to
Claim7, characterized in that the m xture conprising at | east one

pul verul ent manganese di oxide with an enpirical fornula MiOx where x is in
the range from1l.7 to 2.0 and_at | east one pulverul ent plasticizer is

adm xed -t h RIOFEERiPACHHRLEIC, Clafe % cha@cterizeddn shaidae retiaskiestbinder | east
one sl | 1igd ®lhewolk s AR GCL BIUNRiLA sfiba) ©SL. One of Clal e 7 of 8,
ed | at a pulver |

characteriz n ulent nder Ts additionally used. 10.
Process according to Caim9, characterized in that the pul verul ent binder
is a framework silicate and/or a precipitated silica. 11. Process

ding to at |east ims 7 tp 10, terized in that th
2601 omer B-cs FIRERTRaHoHANS t o BRStete pFCEES ARy D1 T SHAOCELHIN 25

the agglomerates obtained have a diameter in the range from 0.5 mm to 5 mm.

12.  Process according to at least one of Claims 7 to 11, characterized in that

the agglomerates obtained are extruded.

13.  Process for preparing carboxamides by reacting carbonitriles with water,
characterized in that the reaction is carried out in the presence of a catalyst
according to at least one of Claims 1 to 6.



12. Process according to at |l east one of Clainms 7 to 11, characterized in
that the aggl onerates obtained are extruded. 13. Process for preparing
car boxam des by reacting carbonitriles with water, characterized in that
the reaction is carried out in the presence of a catal yst according to at
| east one of Clains 1 to 6. - 38 - 14. Process according to Caim 13,
characterized in that the reaction m3 ture added to the catalyst conprising
manganese di oxi de according to at |east one of Claims 1 to 6 has a pH in
t he rang .0 to 11 hydrolysis, is carried out in the
presence?‘_&rf g'g}%‘??ﬁna?%@ %%Eﬁa 3 c%,a& é@z%l‘fbm? ferctiPRimixse or 14,
char act eaddaltd the b@ﬁamsh%omﬁ#smgvma%géﬁégé aRkide aE@rSr'airE;dtd)Htt a8t Bnb "1 Ckl e
of Claims 1 to 6 has a pH in the range from 6.0 to 11.0, and the hydrolysis is

carried out in the presence of an oxidizing agent.

15. Process according to Claim 13 or 14, characterized in that the hydrolysis

reaction is carried out in a trickle bed reactor.



