10

15

20

25

30

35

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

carb ' reacting carbonitriles with
Tﬁg)gﬁgg%ﬂgﬁgﬂ%%ntion furtlher rel ates tda%./§ﬁ%d§§£?52239
for preparing these catal ysts. The preparation of
carboxam des by the reaction of carbonitriles with

wat er catialgspr €seneeaet ingcahabyaiylitOactdphisrhles
manganese di oxi de has been prior art for sone tine.
Carboxam des are frequently required as internedi ates

| fhiendystasentForiexamplen arbydtexryi so- kut yramddestmayfor
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descri bes a process for hydrol yS|ng nitriles to am des
with the aid of manganese di oxide, in. which yields up

20nto ﬁpélsawaibﬁo%m\&ﬁm&ﬁﬁéﬁvw WehbB abépbeldbs of
nitrj Ies ro ess affords ﬁood I el ds caqupl ed

wFeh O%lFF@EeFa et r,*7i E3gvRhFEGRSSar t"”hecarfoav&yst
seompeesihgf enaanghridwe rre]dltbadildeal hatalbder y pafiotrheart for

t
FRLALYShnkD, CAPLLRMRIECDTSEESS R RO Whinen s
ekxehangedisece atial ysndustrhYs diset atkampl s, agsdnictcedyiso-
Vot By VER Y i gf{aycogb§vet h@o Rffl%&éﬁié Vh%%hQEr%hLQCOV@éﬂhl or

process being 'owered by st oppage at ent
Jre elea oaebEC o%%%ﬂ%ese%%cb%bvérra@ Byl grethgeryeate.
6- nanganese di oxi de and defines its act|V|ty via the

ace area..The .catal descrlbed
AT G Lk IR Pr A0 B Rouf " Bl Rimty oqsibrie - fggerence
ab@vemd@scrt@edtbeobbebﬂmtat@wnsemm dé9BBQ@ exm§13593320

AL A d 005 - pIBLESLS f%ﬁpqgh@}% 4148 Bl £21BLYSES amides

ave a ~particularly ace area
iigrovehe haipf fOé?turn@n@an%@ dapanyigus igs eth ¥ y1elds up

to more than 90% have been achieved with aliphatic
nitriles. This process affords good yields coupled with
a high rate. However, disadvantages are the low service
life and the mechanical stability of the catalyst. In
continuous processes, production therefore has to be
stopped after a short time to exchange the catalyst.
This operation is associated with very high costs, the
productivity of the overall process being lowered by

the stoppage.

The patent JP 09104665 describes the preparation of
active O0-manganese dioxide and defines its activity via
the size of the surface area. The catalyst described
herein exhibits a very high activity. However, the
above-described problem of low service life exists here
too. This is especially true of catalysts which have a

particularly high surface area.

To improve the lifetime of the catalysts used for
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WD 2009/ 130075 - 2 - PCT/ EP2009/ 052239 hydrol ysis,

many efforts have al ready been nmade. For exanple, the
docunent EP 379 111 A2 describes the hydrolysis of .

a- hydroxycarbonitriles in the_presence of anese

di% 40241309352 s whi ch have & high cont@ﬁF/EPgﬂo9/052239
alkall nmetals. By virtue of this high content of

al kali netals, these catal ysts exhibit a particularly
highdactyyisy aﬁdlyseéﬂf@ﬁtﬂsi ewelhel hydepl Yoies CARI®E For

d t t e.from4 to
S CHIRYRr, SRR W, S ahbe Wit Hour Grechsgesy the
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t 0 ryice I|f
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h@gucainegsﬂgndsché@a ch, g ¢, 0pde d tbfi%seac g@ﬂégigﬂy

in many plants. 15 In addition, the pul |cat|
697 AestYT Besancheuse ot pafei cObgr hydrolysis can be

hQian‘rQFHH y@@& dés%éc@éﬂfj{/ be d npoys the ldfeld Me-&f 4 to
urther roverrent in t e service

e cat al
?W?% ta?apﬁéﬂ”égﬁqa at AP aFe ¥ ity otie we of
pnﬂnntemSalﬁmESceppcmﬁdedan31 addedlt dnt hehisyspeblication

dlgoel’ég r&cn:e 1& cgt lt8n Tfor%ﬁaﬁégvggg ll%%r OIfySI ot catalysts

reacti on shou be Ie SS stneethe ace oneé
cy@fohyER i37 usdd dtheromirsrd towes sexdrapl¢ f &t | nBurphetrihere,

cataly Séatabfyspc!" ¥gkues,Aboye: ds e h %h@c R Aal demands

cyanohydri n used can_deconpose readily, which can form

bV LA CHGEEs PRAECRY YPESE CRELAEAISy 4t PPoYePLRBES -Thi s

publication explicitly contradlcts the teaching of the

d EP 379 111 EP 54 6 e
| PRocR0G 0% © G | RORMRtGR™ « BB paBI POl fon epsamipes
GlmeAIUdescofbegartheuMse oheberdpzﬂpgcagentsntoorder to

S e cat. m ly, cu
9%@55585 E%%%c?iqgégt e df% ltﬁgoxf: %Eﬁ Qége fﬁ%ther
pp.@pgﬁ*g'emﬁ@tcapmt)hﬁ sg@?mqge life of the catalyst can be

achieved by the use of promoters. 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 lowers the lifetime
of the catalyst. At pH values above 4, the acetone
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).

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
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
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35 life, a further inprovenent being achi eveabl e by

the addition of small anpunts of am nes. An

adj ust ment of the pH to a predefined value is not

descr her of docunents EP 433 _611 Al and
4%‘8‘?9241?%7 2009/ 130075°-"3 - PCT/ E@%é@@?@%%é%@ﬂ”

|nprovenent in the service |ife of catal ysts being

achi evabl e solely through the use of am nes according
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nent of
ftQtﬁpqwmﬁnﬂr@B 673d%bbn%htsfﬁ@ ymgrotemght addscEPbed in

433 Gk Alog lAri thlt?le%@g hteshoul g be fémhbaéi zed  an

t hat, especi al | g anohydrins are generally stabilized
bypaddtment o?f aghas pandewle rhEhesstEndm atle seppbédation

i Bf10 the examphesdrave,probablieheen obt ainedunder ang
This is also evident,_for exanple,

aci di di_.tions.
f 8m4§ﬁe 6%3ul§|l| ‘cati dMEP SPTY SR ABC FRRYLAbBS cCmphagized
t hesef oeeped PPDESi biveriohycenelsudera pRafddeilllar ptabidiked

0§85 51 36 R SRS o d0%0HE HARIEE .

nahgaﬁesﬁmﬂkﬁ¥|UevéoprdhablwréwaﬂatDbmamhedamm@mmﬁahﬁdic
a&enam%%e% @s F:‘L‘éb'ail%%“ tg &%@? e, from the
I cat1on, the nechani

Accordin

sPaBiLLre l@ﬂ tEH’e 3839? ALl P2 2ol tedh BEOVapr dFed Shytherefore
uﬁﬁpags&@a ton ﬁm&@@éea &Jae:ttlkaﬂdaf&r nfk}sma%%d BSsts

ur|n e _precipi ion o
Pse ths Sﬂﬂan aFPtﬁég ég%aﬁ§5?§gtﬁﬁs965tﬁgﬁeﬁl
have a profile of properties which does not satisfy
ti . Ak hi ds. [ eact or

0Fh SSUSRERY, TEABAITIRE Rorp £58he” WIS S aigrige for
EFhe 9pEeR9ganont atwds t¢rrbekmmides er haks @sg@lmed in

CPRL Eat h6n cat alpy gt o9& gog @xt r uded.cokigweyer, cwhen pj
ese tests are reworked, the apparatus 30 used for

Mh@a%oréubfaa é‘k?cth@na}ﬁaéxtﬁ'@?%’r%/lw ghf the catalysts

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.

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
used for shaping is 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
already 1lead to an improvement in the catalyst
properties, there is a permanent need to improve the
mechanical stability, especially the abrasion

resistance and the pressure stability, coupled with
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| evel of stress, which can lead to premature failure

of this apparatus. Even though the teachings of the

docunents cited above 35 already lead to an
rovenent in the catalyst Eropertles t here

p Greaftt/ &8 X o i nprove the? mechani caPC g(%ﬁ@b@?9052239

especially the abrasion resistance and the pressure
stability, coupled with WO 2009/130075 - 4 -
PCEEPZO0SM 0622391 tyerdf hilgh aatalysy.ofa therwtadmlyséd of

A her ed vel nt_exists th regard to
Iﬁ%%bVl m%ﬁ% %&%GES ,JﬁﬁFordé? ?% p%%long et the

eﬂoﬁ@rtg@ecyciles ordlert hieo c @s® lofigc orte nesusaoper actyco]res in
Ofth@%é%@rgﬁ’c@ﬂglﬁ oésrgggggt%gﬁ %%Stt%eOf fg}?l'l,s and to

exchange of the cat a 'S connect i'on
sEGGUE et apeeprsied ahatheergrdhenge afpthes witalyst. In

Catalsy Hor@leR tieaui ried. shdl M a¥e Adpd Mer PEH OEn&Y tyeld 1L§rge
thus an obJect of the 10 present_ i nvention to provid

a2BRURCFs Ot 6R LREASE RGeS E&WAPCriles with water,
whi ch has an excellent activity coupled with high
chanlcal t b|||t particul af, the_catal yst
shoul'd & % Rt ﬁrpf%géuﬂé: %?a%???t?naﬁ Jﬁ%%idhf the
apraseon rm&nentnnﬁe tEurphevn@&eﬁ.lSathbysatéhystreacting
SEQﬁEQnH%??lEQ a %”' %@é%y highcnsehact a‘vgby &Qéjef‘lent

conver sl on e cat sed reactl on.
t ﬁ@téaﬂﬁws@wl%e Wﬁa‘ﬂér |}E191Us@§0hﬁ61§ﬁédu§éabhélty In

cpbatysti1shouktdebeashapakl eHov1a YxmiE £ athigh pressure
I nex fESIVe nner e sanme tine, the apparatus 20

{
SERDTOT Y hEPeh i P8 nBHFE S8 e deD. & it therore,

rehat i vekylysw | eelulef Ste®sds, tsuch t hairgireeimeirdke high -
fa ; he par a ycan _be avoided_-A further

BT SRR A T R B BRTote 055 e itk ==
tr@@CbiO@roMpﬁengea prideessafalyptepar i pige material used

f@ahéssthwh Icmacl%tbesm{fa e;.de Oﬁﬁagamécghar A Ysimple

qg I nexpensi vély and wt
i %:%%9%%‘5? SRPRASTroRE ShFt ﬁéﬁ‘leartll)meoo theoARRa R tUS

mw@ss&ml Chtheal @hdlh g’ akBoullaW enrer gyubidete@ndto &
lf&%atively low level of stress, such that premature

failure of the apparatus can be avoided.

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

life of the catalyst. These objects and further

obj ects which are not stated explicitly but which are

i medi ately derivable or 35 discernible fromthe
cHhed4%0rs W7Scussed herein by way of iFHTFRAAGDP52239
are achieved by virtue of a catalyst having all

features of Claim1. Appropriate nodifications to the

I iventubelaamhal yHA s pavecpkot 6t e b AMDR200RY 1806875catdlysts

PGT/ ER2009/ 052239, _ | b L NB. qocess for,_.
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oftoCl ahen I8odNssh rfegarpireparihe meodessufiglespr efanming 21
carboyauides, Llaim t%o‘ggl%espéoﬁg'gﬁg' QRatP1th8y  this

probl em underlying this ] ec resent

| APE/ELEen accordingly provides a catalyst for

reacting carbonitriles with water, which is

characterized in that the catalyst conprises at |east
16D60BIRP IR ghEV B8R E Halh g 27698 IdPIVdePTP T Hiemh @ catalyst

efpkr i aalactigrgnul eaMben i WAET €s X s thn txﬂﬁ:élaﬂgewhﬁ@m is
These
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attat dyysvefght r edctmarpaaedonidtioikide with V\aherempfirical
' i pit i.cul arl I t fil

V\f‘b‘r‘lﬁuﬁxﬁhB%&ov:vhérBaBJ'fél 24 XPQT%‘{J%‘ ?ﬁcgn‘Ppi.? e 2.0,

properties. I'nstance, a cata resent
imgnﬂohe%%% ere axbrstemtzeEti vity coupl ed with high
mechani cal stability. At the sane tine, the inventive

20 catalyst leads to a surprisingly high selectivity
of REFREMT I FONS IR EHL RS b’@a]égr tFe@O88tPaf &ohipglevide

convatslpgs: Wwdhovéaaningceanbedideglee afithi dater, which

r tJdons occurring, .Furthernore, t catalyst _.
e%%:fjb]%’%ss a %i ghpr?%g‘%gblrlgrs?’abi I?%%/er@necfﬁa hiﬁﬁOflle of
arasdnini 25 r Eoirst ameeanta, addi-csalyshie cht alhest prasent

beabhiapesh 8hgPLy @gcélnf%ifﬂ.?nﬁ.EEElﬂtyAtc&%ﬁeﬁarW' £ MR gn
the apparatus used for the shaping is subjected to a_
MARIVIJL | DRRPEVETY of ASt rdss, SaUEh tifsr prleraipventive

catalyst leads to a surprisingly high selectivity of
the reaction, which can be carried out at a high
conversion without an increased degree of side
reactions occurring. Furthermore, the catalyst exhibits
a high pressure stability and a high abrasion
resistance. In addition, the catalyst can be shaped
simply and inexpensively. At the same time, the
apparatus used for the shaping 1s subjected to a
relatively low level of stress, such that premature

failure of the apparatus can be avoided.

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
hydrolysis. One of the surprising advantages is that
the process according to the invention, at a high rate,
low energy input and low vyield losses, ensures a

particularly long service life of the catalyst. This
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failure of the apparatus can be avoi ded. 30
Furthernore, a catalyst of the present invention
enabl es a surprisingly advant ageous process for

pre arlag car boxam des by reacting carbonitriles with

{539@hTtion is also Peferred t oPRBfBPHAILE952239
as 35 hydrolysis. One of the surprising advantages is
that the process according to the invention, at a
hiag:mcsvaﬁt e,thd OWRNRRIQY itPUbeandareweyi ebdtl 0psesicularly

et e A 2008 P00 <I% - SerrersoorBssasonal
aISktCM&Datg‘m Py coesisanage btehee:aq:aztaljysmtlgaméedeldi avhyy rarely
e GRNtdot AN dNCXRINSINRSY ool A6 AN QPREAL 'P‘EEQ%'

st oppage to exchange € ca nee
rarely in the course of contlnuous oper ati on of t he

plapt . cackh S(Eat @kysﬁh@f ﬂlt%é}{tesqrﬁtve'n@i%ﬂb egm%)r ses at
conprlses af | east 60% b %ék pr ef eradﬁy east
A gy, wesfohtan airier idfe YRatt aF0erpy rvehyht,

f Qfﬁmfnanb/ﬁﬁlése\/\hﬂ&d@é S wiftH henr aé}@gelﬁ&m 1.£6rk@12 Omno,
Manganese lO di oxi de exists in sev 9 al |l gtropic

p r phs 2SThey Wi f ERPEPgriF 9 ant 'y §h £hdir Manganese
bdh@mhda‘exﬁstxataly&&eré@malySttepibetﬂﬂgabg@heseThey

disgxi-de) ,..t bl e [ has the nost
i EeE L TR Ve LY TRERR RS, B f{eanyse.
nﬁy%@éysntphe b@t@h@&ng@nﬂﬁﬁlﬂhcaﬂﬂhﬁs am@eexm@ﬂds stable

dBWﬂLg%n@r%HDr phaus REhAUG-S: WA Ghd nféx%ecaauﬂflty The

ymor phs _can be assigned by X-ray
dFFVFSE@FéHltThe dfieni ¢8FFy af@rkest al y&i calihp = further
paoti clibatl ynactdne &otamaof drasamgawsamo@lpﬁ&use Ry s,

partly hydrated and additionally gontain dro I
gW%ﬁﬁs. ¥ﬂ%fﬁgﬁgdﬁesé”ﬂi5&$§g500 P?S|QEH¥ERER be
coapigsed fbythKFraynpdmﬁdsactibnns Tﬁbesehamﬂcadéy and
e / ar al ar

i %ﬁg&i%#%ﬁl% ?aanrt{ng & int : ggu%é: :V%t okgﬁé\gc r‘%ﬂgt [?;F:ltn%Janese
|@}@xh@eomatheNﬁggtly hydrated and additionally contain
hydroxyl groups.

The manganese dioxide-comprising catalyst may comprise
further compounds or ions. These include especially
alkali metal and/or alkaline earth metal ions, which
can be introduced into the crystal lattice of the MnO,
or deposited on the surface of the MnO, or another
component of the catalyst in the course of preparation.
The preferred alkali metal ions include especially
lithium, sodium and/or potassium ions. The preferred
alkaline earth metal ions include especially calcium
and/or magnesium ions. The content of alkali metal
and/or alkaline earth metal may preferably be less than
0.6 atom per atom of manganese. The atomic ratio of
alkali metal and/or alkaline earth metal to manganese
is preferably in the range from 0.01:1 to 0.5:1, more

preferably in the range from 0.05:1 to 0.4:1.

In addition, the manganese dioxide-comprising catalyst
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or deposited on the surface of the M02 or anot her
conponent of the catalyst in the course of

preparation. The preferred alkali netal ions include
especi al | lithium sodium and/or potassiumions. The
prid? e#PRY Bt Qi kal i ne earth nétal ions iReT(#R2009/052239
especially cal cium and/or magnesi umions. The content

of alkali netal and/or alkaline earth netal nay

predyer akdomdre deesspkbaBtre@s6 atwiil @er aiem oflikewise  be

ma ane €, The atomc ratio of | kal.i nd/
o | Ry aFies s d St g pPRt of BB PG o
thhepc&rng:edrom 0othd: burddres: f nuore MmOef ecmabloyf i another

ﬂ r%ggOé%% c%%ag étl &By2?g$%#§868§13869%0ters

man nese di oxi de-conpri SI cata
7 mqﬂ@'ﬂeEPQI),OQZJOBZYBQ ana)ﬂ‘aoonﬁbw sko pr BnotZar, s Ganhilgh  Ge,

cajy likewbse Q%e'éHﬂEEH@egf'PEQmBE@r%rﬁé&mpﬂéﬁéféﬁiy be

of the WMh02 or deposited on the surface of th
or-&57S afethef - 3cGHfdheReT oP Lo ht BRPFRNCTRe The atomic

prx%ftqror ;@lf PR S Stbnqhmgeaﬂase Zhig \@ré\&rérmy Cin the
ent

W . _The con
DR iEe; By GrbHermbFg T 21 ecs PREn -9 Sithipein the
atramoef ﬁ:anxgarteSH)S :he tat oo T: 11 attee ofnapganfeber doxide-

n%%gl?}qgg S c,%r fls/; %b ln%é '}irterkeef&b%.a/g nip%g_] rrslon qgg?&l 1&(‘? ol 0%
0by: 1we:ﬂm1@t namg:meesprafexabéy cbnipr |t9| ng® caval ygtiéhrhy of

pb@%ﬁb%@bﬁ Co@j}?{és%ag'agétt& 106 8y Med st ’onrmﬁﬁe weight
preferab % by we of ‘promoters, this

pﬁ‘FéﬁEF@fi Béi ﬁ&eb%éﬁloﬁrt ﬁ@tﬁél §AE- neasured as t he
metal or netal ‘ion. 15 Preferred nmanganese dioxide
DOTAEF TR MERERASE FEITRAT ordh LEnErPadge ) GRectrum
32XBDt o #2aburdteaX- rapospiect r atcdreass cmtﬁ aigfdgctfion in
CERRPLnght gl OS] 0ty 55 T E iy o oo
@bﬂélne%r £t ezpaplle  hasi the an gPié’?trtl nPesiinstyument
retghi a0 Jeveedur t R si NE@nBeét £Sn i Nd henkangdhge 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
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
(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
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,



10

15

20

25

30

35

from20 to 65, neasured as the maxi num of the
reflection. Particularly preferred manganese di oxi de
25 for preparing the catalysts exhibits a | ow
crystallinit whi ch can be seen inter alia, from
- %yzg%%é%?%QY5The struct ureSof parti cuPaFl§p2009/
preferred manganese di oxi de can be assigned to the
structure nunber 44-0141 or 72-1982, which is
desciphretes N ¢LREL B3OS ntle]walbh@ﬂ@é &edt hedtoxides of the

Di f 1ion Data), artlcu ar ference beJn

ts J%frmn a%%%leorbe%m WS SPESE?E%CSCCO?H? %tlé’en to
44&501m.céﬁﬁ1331md¢alwh1mé1 alreamnd/lorbla kial iwstesar t h met al

ions and 35 the pronoters can be added, for exanple,

in the formof salts in the course of preparation of

t Her rrang@fretsleculeﬁrox@a@e@t off tHeecargbygst. Porention, the

| Rt RRGRsd Ll Sl ROSSLD e d OpHSs, £SPEST ahlunbal L des
T e WG 500 15007 o oS T EP2000) 085059 oralyst

sHiFyhabid¥e Gar BBRGEEEC LR edr8Rd RFfoxiBedhsr range
t ff&onafHU emenlm@@e:dz S;L&lStg’flﬁczﬁére PHeE CEEABEY beoogtal g@n m?

u5|n unds o] ub i n, wat er I n
b2et e SRR ot T b cLefe th noahForben e whfef is
ndeg&nH&QEdlbm @@eu&e@ttmemmemaDENaBGQBQent|ve
catal yst nmay have a specific surface area (BET) in
the range from50 to 1000 n2 per g, nore preferably
18bet prapeuatigeroly aadoapete plepsidpl yhish @ Ee ngsed

PE€bry tne el daS a th@rdefrerimned iRk the 4188l Jretd %JM\I per
66131. The pr %gratlon of  manganese di gxi de_whi ch can
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kapwA-peps56seoand Ep-gdessubbed, &od expvml®, 43 &P A- Crhe
P- A: Q_956.898, EP- A- 0545697 (?nd EP- A-

shangtgesy, BIaRldeddoe8is i 8o et MIGEL s e

minhenhéonlnvantpoafeaabbyeﬂgrabbyabeedbﬂaunednﬁytlon of
%ﬂﬂﬁﬂééHEQf fyyzﬁiﬁﬂﬂf% &ﬁ%oexaﬂp%ﬁ §Rén Qh%@es, for

per manganat es, for exan'p pot assi um per mranganat

(eFam %cmaSFIU%opezmaﬁgamstelgmﬁ ﬁéo\‘]:he@'ien‘f 50,

Spc 439 (1@@8 4983)7. :j@éleaﬁdl kben, suitabke, manganese
égitfbgénsugtggiglHgngaXese dioxide can be obtained by

electrolytic oxidation of manganese sulphate in agqueous

he
5

t
052239

solution.

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 aqueous solution containing 0.71 mol of
Mn(II)SO, (total of 15% by weight of Mn?' in solution),
0.043 mol of Zr(IV) (SOs)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
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,
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el ectrol ytic oxidation of manganese sul phate in

aqueous solution. 25 Manganese di oxi de whi ch can be

used in accordance with the invention to prepare

catal ysts mnth structures accordlng to 44-014

b DA HEBOXr exanpl e, by 9addi ng an %Eﬂﬁﬁﬁ%@d9/052239
solution containing 0.71 nol of Mi(11)S04 (total of

15% by wei ght of M2+ in solution), 30 0.043 nol of
ZrfHi\AH S@4)2, oPt #88a bl O}fJqu_@fhﬁovﬁiéthWJ_it(h gebfloaBds or

1%&1@%hqr o%(ﬁ(ﬁt el ﬁt g%log.r%%) \)I%Fggal Utco?npr%fses at

sd@@ﬁﬂam@ﬁtpéabmnnomamtrlthe precipitate formed can

be heated to 90C for 3 hours. The precipitate can 35
subsequently be filtered off, washed four tinmes with
of&e iplascigger e@ﬁ@léflsl e%llIaP1Q1@@df oftdRldoghepring of

aggit I:LQﬂfetr{%:lUée ghaxi %s@%%%&b?eq_sab&é’@ord@lgly
2009/130075 S BT EP2008) 052556 wkreh

oft ISSHRAY? @*&%.H&@r%@ﬁ phEmBters 16t dqﬂﬂrtrrr?é}lllty of
addlrhaﬁ/@SLalanbeV%Eddﬁﬁcﬁ@é alkyst €OPIYySESs @hlsl eagdroves
plast|C|zer i zer _enabl.es l e and
SPBR S ERESE kG O = (HetFhyeht L0 CRCRAJAES HE Lnveltive
pbasalySZerofs deoomdimy| yshapgbhpourid fwhifdlowimpn) ovestter

t ef 4 erjal oduc]
{SasLash Sl LIANAT ATILETLE] 0 0E Oy
m&@éﬁrél faéxd pr 8BALENg 2 he Pamemhaa 10pc@$aﬂn;§t ofithout

begeak 8g s herabhew( bl %\é‘lﬁ ) r@‘ttaﬁheda@q"tte'rortk@‘ shaping
partlculgr ampunt of |iquid (usyal wat er) and undér

2133 t FRARSr é?éggﬁredﬁFPWBﬁﬁssﬁpgéklnghlﬁhepﬁ@weFGWm is
bechgeved ai fied aftamplde shapiig ches eddefli@fdgeror the

Sogormoss! AeodllS BBt 30 AUVl Gy e
prasehrst noxemat ené alarfarhear epanl ngrddwe toatredimstaiverche
SHSACLORL PRSI 20 NPl by o
(erl%t‘tﬂaﬁeandéh@ehav%téna@tﬂea @Ws g aely) - When
pilesspreskeachasefcia t hCUbaFt Tedl & Muihhfui, el the vield
value, the material begins to flow. This type of flow
is then referred to as elastically plastic flow, for
delimitation from viscous flow in the case of liquids.
It 1s surprisingly possible, through the wuse of
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
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
can preferably be essentially removed from the catalyst

at low temperatures of below 400°C, preferably below

'250°cC.
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value, the material begins to flow This type of flow

is then referred to as elastically plastic flow, for
delimtation fromviscous flowin the case of |iquids.

It is surPrisin |y possible, through the use of 25
pl"%{%tW:(?%é]r%Qogpeci ally im t4e case of BEBIEPIHODF052239
bi nders or in the case of use of plasticizers which
serve as binders, to inprove the mechanica

preapefdies] plfoftexanpte ¢hepabsaskenikesi starsaeandio,) .
tgﬁbco ressi.ve strength, of _th atal yst. _At the, 1
samt ti eSS S*€%30 st pri%ﬁ%@??g%g%si e €3 nhipgral.
t esduglaldoti \d t yslaask |dfetcaee of £be cakahydé afliakite,
hi evel .qr . I mpr.ov it. The plasticizers used. .
né%nﬁg”orgéﬁﬁékgﬁnpoﬁn grﬁﬁﬁgﬁ’ SSngﬁoﬁ% Ferab#§og%nlte’
egwarimicalilly ongresved Predrrrkd catidligsh diokdée-comprising

2008 a0 7= 187 pcr LRSbGY 0Bo5a0 Lr dlarad L e @

pPasfi cfreereednpTie sRKtésAcdi dkkde (S p2pferghey less
plaski ciszgr rns R5ed e W, a1653Y tRhREA0 nrESRERHEAAN as

a. she silicate, for example dickite, _flint, illite,
nB??Fr %&?i-c’t yalgger oL BRolRSi T CBIRER nohqY | BrAtRLe, by

Pmebesr edbfsi | sebimet toad ider .conpot Si BRispl astioiszersit is
h rk pl atel et .structure and hi gh.finenes

Tﬁégsgpggclgﬁgii%é?s p%% %%abﬁﬁﬁaéss 9?%ang$§b§rﬁﬁﬁ 5100
piepérubept| deom Rrcrzd@emmiareasuried Fee tise PIS silicon

vak 8gi qubLbehe 2R RE dSt Al eterd O 19600 Ene DY@ ianical

means of  sedinmentafion. For_ this purpose, it is

pBESPBYEiED usé, itheer atalvithe SeBrEtephoabeye to be

| febroveat uhegpedMeadgeriti cs GrbH. The use of silicon
di oxi de-contai ning plasticizers allows the nechanica

properties of the catal yst detail ed above to be 15
| Ppe bvedednexXpedtiedl2ersPr Bheer eal pldstd chzetdiacbhaveim the

Srer g abl o Bonecr atgd o 475 o, fn enPblinge £ron

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.

The catalyst preferably comprises at least one binder.
In this case, the plasticizer itself may serve as a
binder. In addition, it is possible to add compounds
which do not have any plasticizing action as binders.
The binder brings 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
area in the range from 50 to 1200 m?/g, more preferably
in the range from 150 to 400 m‘/g. In a particular
aspect of the present invention, the binder may

comprise various compounds each of which comprise SiO0,.
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20 Appropriately, an inventive catal yst generally
conprises 0.1 to 30% by weight, nore preferably 1 to

15% by wei ght, of plasticizers, wi thout any intention
that this should inpose a restriction. 25 The catal yst
pri&P et QBP 41 20%Pri ses at | eastllore bi nder PCTYBPRAPE/ 052239
case, the plasticizer itself my serve as a binder.

In addition, it is possible to add conpounds which do

nathdapenasy m{c&ﬁiﬁféfﬁﬁaﬁﬂr: aam@%rilbb@d%r Sgif@@céﬁﬂ@ which
bi nder_hrin ahout. nechani cal stability an

conpr gélgiv gg@'[elnghgllﬁ ofE heE ¥HSH v &f V\B%Eﬂagﬁ*f’r%?i &f the
mergtalegi r enent sbeThe bpadeicplefeyabbyefeppbleesto use
sidigon. dioxi (.S partj cul ar _pref.er.ence .being,.
giév%n es%le]%i a%%yljt%oa%ei)ﬁ i c%tné]Jl Wi t hpgfesc,:& éLiﬁ-t i%cedsur g%écas'
3wy Uleritheb yadges f poaf 60abby 1289en goamprele size in
prafer abhye iR dhegrangg fyqm 190 ﬁSrQO?zﬂé%/&aﬁ'lﬁ} &n the
particul ar aspect of the present 1nvention, the

bitiddere wﬁ?omcogrprt'r%e NatfousMegRpEeAdsPBadteats wititchlaser
CENFfrsetSicl. WOr20004 73 - M3 1verRCMERZO09 A52230, 1o
Tg% @inder nore preferably conprises a silicate which

[ 8 I'verul ent in the course of preparation of the
catalyst, it being particularly preferable to use

f rame jlicates .and/ar cipitated silicas. 5
Pg%Ve¥§§£%?b%[n éfsjg?ePSFSE%§ehJV% é“%%r??cl Q3 28Sj pthe
t Péndamgewhioh (.52 ouesEOC mn rore fwmef el ysihicdesol in

r apge cbleFe? o0 R RS Wed iy dmans, &f  12S€l1:ica so1

diffraction, for exanple a Malvern Mastersizer type
2666. UB§ I CRIETEIGT S it PRI the uekewen s ozt akyst
t beefbirabey, halei b bsrpiesentike tihe s mrahga FrbiCa to

S in_ the course o reparati on of the_catalyst. A
s?bpc%mSolmQEﬁ Lgﬁeéffﬁb ef 8r Bffce & pfepFfe most

ppeséatabayalipsttild preder dbby Wast@ parhmcl easiede onn the
t&faﬁ@@@f éfoghé ﬁgrticles.

Particular configurations of inventive catalysts
preferably comprise a binder which is present in the
form of a silica sol in the course of preparation of’
the catalyst, and a binder which is pulverulent in the
course of preparation of the catalyst. Appropriately,
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.

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.

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
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100 nm nore preferably 5 nmto 75 nm and nost
preferably in the range from7 to 10 nm based on the
di aneter of the particles. 20 Particul ar

conflﬁg)ra |ons of inventive catalysts preferabl

e /43 Hber which is prlesent in th%CTf%?%@é?/%-?Z”

S|I|ca sol in the course of preparation of the

catalyst, and a binder which is pulverulent in the

caur sbinflepr epar alleeniefi zelhe tat alryflerapr opni aflel yrange
2 e ht,.ra of silica verul ent

b?ﬁ“}‘ jltﬁda% bt(g it ?P]é rangepfrFomr?%)quLHO’%t L1Jt,O i These
plefter @xley baged esp@':ﬂ_all:hese tenadehei ndibdsddon ¢y a

Sqlo'wd%lé:sod'g&rhtlrfg é??eé{:l i Gg %f,;[ggrgr rcthI %ve a

bi nder in the catalyst is pre era
f Péﬁﬁ@lngozwgw@.fémctt FIrB0 RIS IRt Hitn tﬂ‘blr% ccmteemtr atbcp ythe

| p1hBeirangesirom%dye wekght tgr20%Ry el ghtngdy  or
Agﬁro ri atel the total anount_ of plasticizer and

G lﬁﬁﬁes e Faﬁ‘gélﬁ@on%mﬂod%o%lbyt%. grurse of
npreparaﬁebﬁbqu i ﬁhéhQ:aftaﬂg%tf r oghdsé0 Q% bé(réé\/ew@%d on

b th talyst. T [ ratio
vEB086] 146058 TE 5 8 ptiReBanasY 085 8655ht ChPRer 1o
pl asticizer is preferably in the range from200:1 to

1Pg9t1£@i§rf§e;{>§é§@r eaoc&tév\%gt% ﬁgméf‘fs?dakgra&%ample,

based eci al |nders
pt a@t Fei ?ﬁgbng@éghtpfeﬁwc:@lﬁd’eas th&% Faveveldht, of

psass;i ci zing ef fect are assigned in this context to

t | a C zers the case of use of binders or
(FajstF% i %"s WhieH SR LEs? | hot hé Pursd g, of

pf€&par ati on of the catal yst, these data are based on

t S f th pl.asti,ci ze
szls(% i %Jf“ gfl ﬁg&% ??édgcg?af‘f}gig @o FPs&® ?9 Weibhe, of
dhpPad 1.0 to 30% by weight, especially 3 to 20% by

}'\ﬁﬂ %}S b9§% bﬁx@:xgl@tl £opd0% by, Wekaht,. 988PeC alivui?
2 ° 'I¥1 agcalyst may comprise further elements as has
been described above. The composition of the catalysts
can be determined by semiquantitative X-ray

fluorescence analysis.

The catalyst can preferably be used, for example, in
the form of granule or of dried agglomerates, and the
particle size may in many cases be dependent on the
reaction vessel wused. Preferred dried agglomerates
exhibit a diameter in the range from 0.5 to 5 mm, more
preferably 1 to 3 mm. Appropriate diameters of
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 Ilength of preferred extrudates is in the
range from 2 mm to 10 mm, more preferably in the range

from 3 mm to 5 mm.

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
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15 K20, 0.0 to 5% by weight, especially 0.2 to 4% by
weight, of ZrQ2 and 75 to 99% by wei ght, especially
85 to 98% by wei ght, of WM02. The catal yst may

conpri further elenents as has 20 been descri bed
ab® e#ag%éy%éﬁﬁ%sition of theltatal ysts EaR/BB2009/052239

determ ned by sem quantitative X-ray fluorescence,

anal ysis. The catalyst can preferably be used, for
exairpe@, td obtzhit hegdosmendtgs anul e or of dried

aggl onerates, and the particle size may in nmany cases

be dependent on the reaction vessel used. Preferred
drikel aggkoneeat evmpexisisia aadi afeet | otde padgerulent

f@%ﬂé&ﬁégé’SdEHkiHBre6?R%ef%&@blye& EO %nldatgulvsrulent

Appropriate di aneters O preferred extrudates are =
i PRI YERRE f E8 (Preherably 1hempdmoredpref gt all yliguid

t e d0e d 18- 8 PR i b P91 cHE gt h of
preferred extrudates is in the range from2 mmto 10

mm nore preferably in the range from3 mmto 5 nmm
35.TheuhnMEntbwmd@ﬁta%ystu%a@rg&gggram%YGlepnﬁpaxﬁggn a
b r.Qcess i.n. which at | east one_pul verul en
néﬁbgﬁ%§elo&(%g%égaﬁa §FQ%§§§ %%efgﬁﬁvgﬁBWéﬂg form and
pigstdapiakde, arnd WD2QQ9/iE380#E terdl Arying, of binding the
PELHEBRAARL052239: 0 Xed L9, bt al n aggl grerptes, Ihe oo
m xture conprising at [east” oné pul verul'ent™ manganese
dMEXFaBLlsAd REOPEeFSE eonesyilt vasulthst comiesstiiug zetrength
candpr efies abkyrbgiadm xgdsybthnge! | quitk bindgE S N pinger
order. to obtain agglonerates. A liquid binder iIs
URHEF ST OB h e THT (58 oA T5 7 c ORPBS | KT TWHEH | 8¢ least
poesenilinafsek-flowng formand 10 is capable, if
appropriate after drying, of binding the conponents of
the catalyst, i.e. of inproving the nechanica
phepeepteatelich &bet oghbrmersséyedstrengtih alane t hen be

abhesifaqr 89 sticgseTher | LAui dhindere mixer. TIntensive
mixers are apparatus which can bring about a high
enefgy input into a system. Intensive mixers are known
per se. These include, for example, Eirich mixers and
Z-arm kneaders. In this context, the agglomeration
behaviour can be influenced wvia the binder content, the
moisture content, the product fineness and the energy
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.

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

the associated shear forces.

The. agglomerates thus prepared may either be used
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preferably conprises water, nore preferably at | east

15 one silica sol. Appropriately, the aggl onerates

detai |l ed above can be obtained by the use of an
intensive mxer. Intensive mxers are apparatus which
cdP bty BHEUL® a hi gh 20 endidgy i nput | REB/BP3YER 6982239
I ntensive m xers are known per se. These include, for
exanple, Eirich mxers and Z-arm kneaders. In this
cahitrexdt 1yt hesaggl apsaalisen abebavidufi€anibe the form of

i nfluenced, via the binder cantent, the | stur . )
corﬁeteiﬁte, % he®pr Sat& l??ngﬁl@?c;ﬁ&i the éﬁg?bﬁrzss%%ﬂq in
espeticild wanre im xehespeédtasdageondtey, sidee of ithe dried
I r ' blLe information pn thi

s%b\%%lelg?&%gat %e #gu?cf%seﬁé%l [ )%gi ntrg e%?g%plgrsom Ia_% to
addiged. MO ThEepregeddyi ny 6P thenwonpbskei didureashebeing

| HaeRY Lepalii%gn Achi eyee riRbensive ol R of al
conponentS and preconpaction of 'the material. The
preconpaction is achieved by introduction of energy

_tt[hOL@hptalEre.iHQU.iaQ\r,:;?spgcsﬂs heti nirRs Pﬁgésaifigsﬁﬁltvehﬁlibﬂe, the
i nt ensi ve_ni xer,, Wi may. i n¢l ude,  for exanple, _an .
a&??g%l?rgﬁasa ’\ﬂlﬁéfaﬁqé(no"btt%]é“%s%@apﬁd eghgyfed. It is
f encesisThgluggbesebatesot ks rudepatiett urays ad hfegdere an
u . 2009 - 14 - PCT/ EP2009/ 052239 directl
agﬁgeggggys%&%)?%?tdr% né—’l iﬁl t Eé% g?r}‘ﬁggf S+ f‘? etmsam}/er'
oTh@ESembétEGEFeéﬁ@dbﬁo choureriéieds hdipimgeiamp lear loussimple
vaygihg the Nl SthsfRLect TPLryi Z@a0hithe drikd risingly,
a onerates is preferably in the rangefromO.Stog_

5 %ﬁ{uﬁb?’é FRBf BBy el ke SahpcEhesky f pEtr édebeiaigvity
based ﬂf@eCicﬁlﬂaﬂy@tfsSphethéw éﬂgéﬁﬂ@ﬁat&&eti\}‘h&@r being
n I r .aspect of the present.invention, the .
alg%ﬁtl%)%?g &s |%¥t?}é?rf1§/f%b9%¥ ned tan- %‘ée%x?‘?rb‘éee]ﬁs.l‘?q' i's

10 surprisingly possible to extrude m xtures to

PEISPRM £y AR sl RN C ysl, i particul Yy Sk Al
mamne_rIf?g Tﬁese)e mlﬁw%r'e?%négghg%%veﬂgelcfdjf gfégegg)%pqﬁ‘é’?ng
B&a%}il%ﬁﬁ% drying to a high-activity catal yst.

Sur prisiitile/,screw extruder (PZVMSb type)

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

- . Sproud Waldron annular die press

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

also possible.

The moist aggregates or the extrudates are preferably
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
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
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extrusion can inprove the selectivity and the activity
15 of the catalysts, the enhanced activity being
mani fested, for exanple, by an inproved conversion.

Shapi i OSSIb|e for exanple, using the fol
ﬁ 3%92 00TBindl e screw extr uder (PZVR@%/F?%%99/O§5239

Hutt granul e shapi ng nmachine system (GR 1 type) -

Schl uter annul ar die press (PP 127 type) - Sproud

Wahdnotesantwl B0 Mdhergpress 25 In addition to a circul ar

cross section, special shapes such as "trilobe" (=

cl overl eaf shape) or rings are also possible. The

ndize agpeégatesforthdepertentaties eatd qur efias abliyst80ding

dri&d al; & 1 gRgaturgs which does not lead to any

significant inpairnment in the catalytic activity of

the catalysts. The drying tenperature is preferably

i nrHhe {ﬁ@Q@tI$@n11QaE91ﬁQQC RSl erably i 8rEhgient

ran from80 to 120C e dry time may, ~dependi ng
%%ﬂ??ﬁ?%W&l § t@ﬁﬁ?Pé?@ﬂéeénd gﬁ@ pFé§§9Pétéflﬁﬁlc%sed

t e ray yaun@ eb@beSapngca;ho@% Wi hdm geWea‘amgngﬁwel Ngroups

ase suf fj.cient. dr is.in the range
Pl OB PR S o ERbaPiti et FRaik s ik i one
r&n@aﬁrqﬁnﬁmevtb2m09&13camﬁz- ThesePChHERRMGEY G522 3hown
1?1“t Msflgi@ Qﬁ&ala at déf erl%e[g eSﬁﬂ_I example,
|nvent|on as outstan anlcﬁ properties. B
Th& Bﬁm@ﬁt?@@méat&pygkO@naﬁﬂegd@heOéfpncp@nROM
preparation of carboxam des. The carbonitriles used

here are especi al hose whi ch enerall have roups
of *fheTPBFHEFES- CR% éar%%¥an?ﬂ%% TohpYi é% e att tighe o

leygiloapiphathe foarhdra txQUS. Jheseatedpoundmaittirated
K0QYBont B,k RSl echlgal el g and are gescri betdel@yelic
exawoPe, I'n ﬁonpp eni e Lexrkon 2nd %4l ti on on ¥

ODaRQNniEhéleéact@mﬂSCst@nn@gle@eépa1hyﬁbeamiqﬁﬁnﬁants

Ohay have one, two or more nitrile groups. In addition,

it is also possible to use carbonitriles which have

heterocatoms, 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

carbon atoms.

The aliphatic carbonitriles which each have a saturated
or unsaturated hydrocarbon group include acetonitrile,
propionitrile, butyronitrile, isobutyronitrile,
valeronitrile, isovaleronitrile, capronitrile and other
saturated mononitriles; malonitrile, succinonitrile,
glutaronitrile, adiponitrile and other saturated
dinitriles; o-aminopropionitrile, o-aminomethylthio-
butyronitrile, a-aminobutyronitrile, aminoacetonitrile
and other a-aminonitriles; cyanoacetic acid and other
nitriles each with a carboxyl group; amino-3-propio-
nitrile and other PB-aminonitriles; acrylonitrile,

methacrylonitrile, allyl c¢yanide, crotononitrile or
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15 cycl oal i phatic carbonitriles, saturated or

unsaturated carbonitriles and aromatic and

het erocyclic carbonitriles. The carbonitriles for use
as_reactants nay have one, two or nore nitril
gMUpL 09 T ion, it is dfso p033|bl%?TcﬁR%Q99/O52239
carbonitriles which have 20 heteroatons, especially

hal ogen atons, such as chlori ne, bronine, fluorine,
oodey, Ssulplsacuaad/ear  nintitedéesat onsandn t heyclopentane

arQmat i ¢ I|pha ic_ragdical Partlcul rl) SU|tabIe
car r%Dnlntrlrllels pret éer abl(y %}cl)err}f)arrllese CHERGY other

peéfigvallliy Rittgid@sand nost preferably 3 to 5 25

carbon atons. The aliphatic carbonitriles which each
have a saturated or unsaturated hydrocarbon group

i AdleudE oasdtioniqanial tprlss oiaude benagrigniild | -, m-

| 38BUt YL ORI birbbenz3A 1 ¥alieeoni bLi | ex_i sqyal G;IB-Of‘lﬁchI)@enzo—
capronitrile and other saturated nDnonltrl

MBEGHLLR! | €7 suBti ABAI tR1THe T ORANACH SHthS | &0~ aminobenzo-
aduﬁ@muénI4;dyahdﬁwmmxbat@wAtﬁd addnigrddiesiitrile, 2,4-

RO AR Bnetns Tk oo Ot BoTE i e O i et b 1 1 1% 6

Salﬁmdoobbenzananrmaabtrldnmsonayand&cet|a%nﬁphthnnitr11e,
Erﬁép%EhB££L§§18achm¥% %&rboé%é m3E PUP: nmn?nltrlles,

Io- nitri t her am noni tri

a@hyhehppwrele netumanl@moglrlutlreleal | yqeliﬁsﬂi’rﬁhfelonltrlle

C5RE0N0BLALEL| € SFoM: 2009/ 4B00dBi tedb - benzyl < anide,
PCT/EPZOOi/OSZZiQ ot her nsaturated nltrllesci
cTETBPBAY aRetT e £ bon P, a&ﬁ&"é‘%F&H@xané“am elonltrlle

C@fhpﬂfbkybbe@yl@téébnlakiEgp|IC rnﬂ4hyd¥bxybﬁﬁmylproplo—
a r|I u nitrile m.__ .
ﬁlg? i%lo? géﬁéén o?goﬁ% ange aPFuoro gn?&FrlleS
nwhx¢he$a©h,hmveaﬂ@ @rﬂlkybb@nzanltrlle p- am nobenzo-
nitrile, 4-cyanophenol, o-, m and p-tolunitrile, 2,4-

di chl orobenzonitrile, 2 6- dlchlorobenzonltrlle 2,6 10
e uohGHERAsHIGldid e, CaRPSBAEELLEE, aliMabHihoniespecdally

Qinapit HosbipblidandhattheleadOMv& ADABREYHEYES3:C group
Rthglenttrl g, isophthalonitrile, Lererhthalonitiiie o
one atom which is selected from the group consisting of
a nitrogen atom, an oxygen atom and a sulphur atom as a
heteroatom, for example 2-thiophenecarbonitrile,
2-furonitrile and other nitriles which each have a
sulphur atom or an oxygen atom as a heterocatom;
2-cyanopyridine, 3-cyanopyridine, 4-cyanopyridine,
cyanopyrazine and other nitriles which each contain a
nitrogen atom as a hetercatom; 5-cyanoindole and other

fused heterocycles; cyanopiperidine, cyanopiperazine

- and other hydrogenated heterocyclic nitriles and fused

heterocyclic nitriles.

The particularly preferred carbonitriles include
especially oa-hydroxycarbonitriles (cyanchydrins), for
example hydroxyacetonitrile, 2-hydroxy-4-methylthio-
butyronitrile, a-hydroxy-y-methylthiobutyronitrile
(4-methylthio-2-hydroxybutyronitrile), 2-hydroxypropio-
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and other aromatic dinitriles; benzyl cyanide,
cinnanoylnitrile, phenylacetonitrile, mandelonitrile,

15 p- hydroxyphenyl acetonitrile, p-hydroxyphenyl propi o-
nitrile - met hoxyphenyl acetonitril e and_ot her
rﬂWQi%QQQ}iQHQJ§ each have andral kyl grotipt/Hre?09/052233
heterocyclic carbonitriles include especially 20

nitrile conmpounds which each have a heterocyclic group
whiicthr iclent ai Tesc teorht t1or 1 6y meahdr ed-hiydgoapd2 hmsthylpropio-
lenaisttr'loene (at %@0\9@ CI% 210 ld‘?r:(itngd frg@t‘igﬁlg{ﬁ reference
conS|§t|ng 0 a nitrogen dtom "an Bxygen atomand a
sldgpng gitem &9 acdierer catagmphyidarinexanpl e

2-t hi ophenecarbonitrile, 25 2-furonitrile and ot her
nitriles which each have a sul phur atom or an oxygen
atSHRREs- sd iset & Gt org es 2capadspydflgipeed 1f the reaction
3nEYARORY T I LhAey 4e6YaReRYT i fiane £ ANQPY% 8db N€odBEi s ing
other nitriles which each c%ntaln a njtrogen aton1qf

a RSt ofifS5-2y dibi Adol EPEnd 88r FPFuded o 1.0,

heterfecudl1es ;6 .Cyalwpl e i dhemoeyanepifpeadliyne . sand 9.5.
and fused

ot her_.hydr ogenat ed heteroc ic nitrile S .

h eﬁgE%%l?%n%???}?%S.%%ﬁe%%gr%?cg?g%Pﬁ p?gféﬁg%dnegatlve
cdebediitr ilamniindinudef 83bBeespatiwaltdy of the oxonium ions
a-<§¥6¥>°.xy0@ﬁ?@9m %)a&laﬁgt(e%yan@méi“ Bé%e HOr APl &icrors
hydroxyacetonitrile, 2-hydroxy-4-mnet yFt i O- )
baRgAERINg] | e atppaeBRYLyerettils WPRBERGFSRi PEiRg Pased
(dnmethy| thhet 20y HpErd e t bl €)che?- RYEE Oy 8B the
WD 2009/130075 -, 17, - PCT/ EP2009/ 052239, nitrile .
(FBEEBRILOPY | df dritl 2 nar8x $25 e CIITBFISTS- &9 (FFiFmine
( ahebomareyenehydritl) , epactitobar mpaeheiapcequiemegt (pH
gi ven aceto n I n. I Sj ges..:
hKEBEbT i BvederFTRaer S5y 38 e AT AR Piing
mangéhesentdi oxicde- owmmr | shwyrosas al yaethad aopH inpadfeion
repggefren 6.0 to 11.0, preferably 6.5 to 10.0 and

nost preferably 8.5 to 9.5. 1In this connection, the

pH is defined as the negative 10 decadic | ogarithm of
thetnett vetyiehohhe foxoni a1 80Rs HAdRD )a mbkSure of the
paraneéggsthus depends upon_.factors

react customarily used generally has a pH in the
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

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, KOH, LiOH or Li,O. Very particular preference is
given here to using LiOH or Li,O0. It is theoretically
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
'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
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including the tenperature, this paraneter being based

on the reaction tenperature. For the purposes of the
invention, it is in many cases sufficient to determ ne
15 this paraneter with el ectrical measuring equi pnent
(PP +RLrBI00%5 det er mi nat i-od-8at- room t eRPefBR4(&9 /052239
being sufficient for many purposes instead of

reaction tenperature. 20 Wthout addition of an acid

Orcdiﬁ,seﬁ»{t a Jf Xthee phkekbBAt I eaGEANE 6N CUSLANBId Y @BRY is
genera !% has a pHi1n the range from3 to 5.5.
a}ngor}gné;lher fMiSven to adding a basic

substance to adjust the pH of the reaction m xture.

To._t hi nd pos |b| h 140 Rreference t e
h)% r oﬁl %s 8Pnt8exge é o \gir% for e pr &t eral gh t° the
f@mmrtgsealdaa:lx:r@emnﬂamm sagralatddal in mmtsal sases has

T%‘an% %‘::IJ 1%2’% eréndtﬂg(gi?zofNQQ @t i xture

partl erence 1s
gul@enthfér eouésesuqu tmemre@cm-@@ 1ISt thenefeyiet ieblygnced

3%1@%&@1&%&%&%'QnﬁOtHéet§5bn%§ui0aﬁ9ﬁﬂ§tthQﬂﬁiicatalyst
ver as been found that the use of anm nes can

haRe afXPXEFEER of fBEt BRACHECT| fBEFHBISf ffiged to the

caewgyaslbseﬂteloﬁ@@o&cbmm@In@rrbaealyeepecm@}tésy i@ clear
a u%t the E? the reaction nlxtu%%e i S thereforg the
y

prefér ab 5t "55°0 T Wl%\e‘? ght , &Pt et et ab
t:artresl,ys@t Ol%lby fergher andnsrbstuenefserabl ytlae moEction

mQQJc{‘i:QV WehgAlgel N @ gdpart 'e@ééln&%d%‘fpecé water,

significant content of amine Is ed to adjust t he
pFREPoRRETEéGet PEA-mi xture. In the WO 2009/ 130075 - 18

- PCT/ EP2009/ 052239 context of the present invention,

a i ncl yded anong .th amne In.this
ot BeE, DL rtrd oot i o iy 1 Y s TR iga s he
dpnesdﬂeeonﬁm]munpwmtabystleadmany>ca5@arhaeularly long

f‘%’??%%éco&r Q&féiﬂﬁgégaﬁ\f;? PH; ke %‘%E's% m Xt di%st.

e course Q eaction i1st ere re 1n Iuenc
sTgni fueihery Byorewe yghiandoaeoess oficthedeagal yot . the

Thevexe16551 Qt "1 8e J LMy 19 XbyE8iBEded d 0888 1ithium
compounds, especially water-soluble 1lithium salts, to
the reaction mixture, for example LiCl, LiBr, Li,;S04,
LiOH and/or Li0. The concentration of lithium compounds
is preferably in the range from 0.001 to 5% by weight,
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
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 (H;02), sodium peroxide, potassium
peroxide, magnesium peroxide, calcium peroxide, barium
peroxide, benzoyl peroxide and diacetyl peroxide;
peracids or salts. of peracids, for example performic

acid, peracetic acid, sodium persulphate, ammonium
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10 manganese di oxi de-conpri sing catal yst" nakes it
clear that the pHis neasured w thout the presence of
the catalyst. The further constituents of the
reaction ,mxture include, for exanple, solvent

wlfer200% - it rile, etc. 189t has beeRC ?6%%%09$éﬁ52239

surprisingly, hydrolysis in the presence of |ithium
ions leads to a particularly long Ilifetime of the
maregandgéetico xd e - worps s simgoeas @l pisdite ; Tand uokbdescids or

| Qe t process aceordipg to the 2Q I nvent i It
|gghgéord$§glﬁg%ossf%1 to g I|%ﬁ§%ﬁﬂ c rrpouncg"d acid,
e Pdcisaliiun mm@ﬂmbl@ocﬂmrhmmsacﬂatse tpertcheoric acid,

r E)%“tta's%rium XE)lérr%hl Qrat%xan‘@.'o@illu&nC1ﬁeHFﬁFLorh'téS potassium

LiOH and/or Li?2 The concentratio
CERIOURES | sopieher @bl 9rabe t heatarffe Wk oPromede. t 0S&d4 um

b)io‘&@'t@ht 1 381 A0R- iR ef ghabhy Gx é’l‘ﬁ)br\@eghtpéﬁnén@epﬂate
The addition can be effécted during or before

tﬁ@gtﬁyerFyélse¥%%8%?onp°?ﬁésﬁyﬂkoﬁﬁﬁ@?QﬁaQQﬁ? sodium
cgebonnybhbeect oahlie Tathbxammermaiyprafer abhy t akess of

I Ln the. nce of a OXI zing a ui tabl e.
OXEPTi Ny Souht o LeFo. GRABPYC KA ATHR SR BERR e odium
fbbtdmathesedo&mmpnun@ agenmstenclude
oxygen cont ai ni ng gases; peroxides, for exanple

drogen peroxi de (H202), sodium peroxi de, potassium
%hﬁe%lf?iléé fadrits i o $F X degeehl eFgfh 5@Vo>hedev'lthln a

b@mémraa@eom Eﬁou@ﬁnZtQ'Yé @@é@%bﬂ@sa%cﬂl @%@Emlcts should

per ox ragé or salts eraC|ds &lexa:%i

p%?Fohﬁ(?X%§; péYa &6 % %F d?%ﬁ?ﬁer Epiftigiation

asanei uhviN, 2669/{:]13@@7 5ubst8nceBChaEP2RYFo2239 imit the

p@éé”'q‘?ﬁhakﬁ ano@up&) ‘:’{I%u g%%rt%u' p'?lq ’lo%vned Ofgmg Idasirlses
ts O r

0XG acl exanpl'e perlo aci
p%f@@5|Gh?peFmDQQVémeSGdlmn1p§h&od&ﬁgv1§@rcﬁhdﬁ cof the

3(%1@@1y§t9t a8 SiydM per £81,94 at @*hes%]_l%ﬂl p:\?é@b(l) Of)@t %x1dlzlng
potassium 5 chlorate, sodiumchlorate, potassium

RGP e TOs GdTRAN L (Gddi%e, 1§ oBFET8ERRLYsJd upRe Trange from
hy poeh] Orid €2 : perfidrgapddferably from 0.01:1 to 1.5:1.

These oxidizing agents can be added to the reaction
mixture, for example, as a solution and/or as a gas.
The oxidizing agents used are more preferably gases
which comprise oxygen. In this case, the gas may
comprise molecular oxygen (03) or ozone (03). ~In~
addition, the gas wused as the oxidizing agent may
comprise further gases, especially inert gases, such as
nitrogen or noble gases. In a particular aspect, the
gas may preferably comprise 50 to 98% by volume of
inert gas and 2 to 50% by volume of molecular oxygen
(O2) . 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
10% by wvolume, of molecular oxygen, these gases
comprising generally at least 1% by volume, preferably

at least 2% by volume, of oxygen.
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salts, for exanple potassium pernmanganate, sodi um
per manganat e and |ithium permanganate, and salts of
chrom c acid, for exanple potassiumchronmate, sodium

10_chro e and anmoni um chrqnmate. The amount of the
03{%%@13390&17?5 used may be it hin a WB%T(%%%OWOSH”
t hough the reactants and products should not be

oxi di zed by the oxidizing agent. The oxidation 15

Séﬂlﬁi tamoyryt obft b@ge&ubsﬁ@m&@in@ra)gaéw@sﬁ@éce thm)lhgh the
of .t idizin ower |im

arl saecgtsi% rom{klilpé( Ra%vgge%gg £ﬁYhe sernv;q%ée I%?rége from 1

tife 20@fal pod tmpnb% ackifevedlyThen nohar range dkom 10 to

oXiodiozi I‘Etr@&%u% 0 BQ%E@”'JH I} 8 drs o ‘%ﬁaq{%%é@fé NgtBEige-
range from 20 0 :1, nore prefera
0COTPrigdng. S’aiialYFﬁese OXI di zi ng agents can be added

to the reaction mixture, for exanple, as a solution
apd/or as a gas, .The oxjdizing agents used are nore
p’r“gLPeW&E}F;F @’g%@? Fach \Mﬁeéjr?‘i‘:ofrﬁagl?ié AIRfenthenceppenitrile
cass, itrhemgay nmSesCOBBrILE@dTDheCLHI”wd gaygﬁﬂt(oﬁgleormolar
0 ( ) ition used_as .t he. oxi di zi
SEAREoLal el e K a0k e CpRR e R Ry Dnal [t
gésesthesumhlas Imttlrcogeﬁ oratrabl ¢ogasmsbortintaile is more

P%fékfé%ﬁi aspect,fbe 39,gas nmy pbeéeiaﬁkgaco%d S€nost

to 98% vol ume of 1 nért gas and"2to % Db
vBF%ﬁ%r%lPlﬁD’rléthﬁr%S&?@eﬂf to2y10The preferred gases
i nclude especially air In addltlon it is also

SSi bI to use \A/n]? nt a| ns |l ess than 20% by
Fgll" ete%lbe&sﬁ Pﬁss ﬁar{n rabestR Peuneaves @ High
rmhnentﬂrar Howpyer,, thhse gasgsertgonhsi siaig gbmegatf)yyat In

b ra ast_2% vol. ,
LAY MR BOELE AU 1B AR AR OBokaaBTE o
THEE ahBRNWasProRyy e | 8 hegr gubiphs setortisesglyrdeser

[SACHIQRSH XEMEENRBY BF efl%rpaylh%% ' nAEQSrfﬁﬂg@gf romly
to 5000 and nore preferably in the range from1l

FIGP 18255 L Hodro Lb%%elae%%e@gﬂ%tfemﬁfg%n@&% @mhesls
5 conprising catal yst.

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
prepare cyanohydrins for use with preference as the
carbonitrile. For example, acetone and/or acetaldehyde
may be present in the reaction mixture. This is
described, for example, in US 4018829-A. The purity of
the aldehydes and/or ketones added is generally not
particularly critical. Accordingly, these substances
may comprise impurities, especially alcohols, for
example methanol, water and/or methyl o-hydroxyiso-
butyrate (MHIB). The amount of carbonyl compounds,
especially acetone and/or acetaldehyde, in the reaction
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.
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The water which is needed to hydrol yse the

carbonitrile <can in many cases be used as the

solvent. The nolar ratio of water to carbonitrile is

pr ef erabl%'at | east 10 1; the_nolar ratio of water

c AP AMOOVIBES more preferdbly in theIQﬂﬁﬁ?%909/052239
0.5:1-25:1 and nost preferably in the range of

1:1-10: 1. The water used for the hydrolysis nmay have a
high 15 purity. However, this property IS not

o@hlga£8s¥%¥ét%rngﬁ}log ER f{ﬁéh ro%yéls Isegcmhon is

also Wwat er or wat er
c@ﬁﬁepseé gWEﬂt@EHeUﬁlﬂ@SSb¢ annuhhs akumnpupftib&-150°c
Agge&g;tagw mt the 23R %qsszdoll%d ;ﬁldeferably
wat er rol ysis. In ad |t|on furt

céﬁth@uéﬁﬂgenﬁ Be- P@@ent |n the reaction mxture

for hydronS|s of the carbonitrile. These include

car bon npounds such as al dehydes and ket ones

eéﬁ%@?é??? tHosENGNIFER HAPE PP R T 2506r éB’é?f@lYSls

cyanoebydni nsyf e userni th pref arelee asdtbed or elevated

carbonltrlle For acet one I acetalde%yd c
BERRR b pochPt P ERECPARE: | G nEFCTRRARH o g ried I%u

desthlmed pirers sexanmptagige nofS0401882BaA, Toeepwrdiersfbly

thes al dehiydes and/ or ketones added is generally not 30

partlcular y crltlcal Accordi ngly, these substances

may conprise inpurities, especially alcohols, for

ex@epP et banot i maatber and/ of R,d%tﬂwlsa P&Qé@%d{hs‘a‘epends

e LD The st o ceLgon. SameUnds, e

raact v oty 35£ mckeu mtm&wsme ats@dthet beacwide rtangesature,

The, c Qnyl nd prefe n un
Y Py e S e el PR Sy Erhtr, SEa 5 A he
mmaﬁwﬁoncﬁwm@npﬁnﬂhg hmﬁnnﬂxﬂusogaécthn is preferably

BGT/ BR2009/ 03223% dhe ﬁ@npgéégﬂag aEOMhﬂgh hBﬁrs,_ more

hydrol ysis reaction is effected Senerall be in
e el of HRM506  Preterab ‘90|n1 helPBAge 8pd most

-G HERE a0 g ruteferably 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

hours.

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

hour.

The reaction can, for example, be carried out in a
fixed bed reactor or in a suspension reactor. If gases
are used as oxidizing agents, it 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
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5 in the range of 30-80C. According to the reaction
tenperature, the hydrolysis reaction nay be carried
out under reduced or elevated pressure. This reaction
r ef er apl carrled out 10 within a pressure ran9
4999 b2¥07%ore preferanld? 0.5 to 5PHAFEPFRRY/7052239
reactlon tlne of the hydrolysis reaction depends upon
factors including the carbonitriles used, the 15
acfonmmt pfofa t hexedt Aokt @nd tdiemela;:tben treapeoat WLy be
and ar amet er be wi t hi.n wde J.anges The
c%lf%ne |lrrr113 0 ce‘flnree dDroICy%lesterxeca%ﬁl on | dpr ‘ef erably
|n the range from 30 seconds to 15 hours, nore

fﬁ QQFXtégﬂmﬁH&{H{wtEgu%ours J#Hgé @@ eré%&y, in

prerer ab m nut es t o n cont
pracs%@st‘sl@gl, the thesi denteed | perboxapricicer armrsapeose further

SQEAYWIS thiznk®s hoeegecﬁareypr@fﬁease@éytéé darrﬂr&ﬁscﬂlqeloand

hours and nost er ab mnutes to 5 25 hours.

TREWY o3 rigfof arlﬂéOEaeg e ARhRSc dtE5shi tlrrq:erq%aargmo% the
Wirtda gt i fex tange calr eber eneeflledgl Vﬁﬂ tvaigsl N Olfor
to 2. re prefer bI 0.

SRRy J005TE 60 4 Y0P SAFBdn, TRl eoper SBLbF inco
catcatymte pend Hm:irogrére rcyactiicEn can, éodeexanpl esebethem
d t f 0 n u [
Ak’ Y pklplre! HE] JRMIEARAL, Minbl sAnt SREAS Y e

|§h§o§§ﬁﬁpéelﬁnédpﬁléGEéﬁlﬁéhwﬁé gemexrted trickl e bed

reactors which enable good contact of gas, solid and
bed reactors, the catalyst is

ll gk%%ﬁLqﬁx%LgC$@$25ﬁ§7 o5 781xtyse comprising purified
PGE&EB%@&QB@SZ&%Q Heor iveéda éf xemiagtbr ThenktiekbBts by

bﬁg gag%oroga Xg anggergied i.n cocurrent or

counter current he“Teaction m xture thus
obt ai ned may generally, in 5 addition to the desired

canbexagi daqg, CORPLIsS§okun Eh%rlﬂnﬂg¥ﬂf%$ﬁﬁsto use cation
especial ly unconverted carbonitrile an
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 gquaternary
ammonium groups which are bonded covalently to styrene-

divinylbenzene copolymers.

The purification of o-hydroxycarboxamides is described

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

The carbonitrile used 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 is 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
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any acetone and/or acetal dehyde used. Accordingly, the
reaction m xture can be purified, in which case, for
exanpl e, unconverted cyanohydrin can be split into 10
acetone and hydrogen cyanide, in order to use them
a&@iﬁopg/éﬁéﬁgﬁe the cyanohyddin. The sdifs/&EFRI008d 068239
t he acetone and/ or acetal dehyde renoved. In addition,

the reaction m xture conprising purified 15

cackaxasi, deoceanahe hleeHyoE, f uFdhereLansiét uardisayehyde,

f h To th
PBESPBELY n B C Al E8 USE RN Y BReangeh sTiKE The
anbomeerohdnger s cybaohgdechangersrtd@uiairt alpreffaorerida s is

é&ggﬁethg %gog%a%% n%eage%%n%X%g%k%r %%éﬁ%¥d%ﬂ§§"¥h a

changers can obt onat’l
stypefeldinanngicbeaisziege acdp‘@ﬂ%ﬂnﬁrsou@aso’é aéhaén or of an

eXaNABIEES ol R TR, 0S8 £ ORI h S HHé&eEB§r¥hea@@@@ﬂ§§1s
groups .whi ch are bonded covalently to st%rene-

dPéi ﬁWEeﬁ?@ﬁélé’é‘pcﬂ%%efeﬁ?@lp’urW|‘é%? oftofhe form of

apAy de oXyE aghexanydeses sngescribed in nore detail,
inter alia, in EP-A-0686623. 30 The carbonitrile used

for the hydrolysis can be obtained in any way. In the
procesdinglyr di nthd o thebondvetlieon, cahe mréferadflyt hebe

I th
CHDNLL e LAk ENOW) forBheLUE SXBBRNE D1 Bycgoen
L@éarpuiﬁefuléd the3oruapemeei ezf c&r bbnswl I@at@layww In a

hyohe10f %gl S f@ﬁ%a%eniro Q‘h%o%a?sfé’ aBQE)ﬁQ{;hES Js%fd Ur&y be
W th freference possi.b for exanple,

(@t k%tlaﬁ%ale%éspértfi? P OBUITBOE | s shount of
RGIHd HP26004 Dp2239s aeeferablor s@le@t@d‘lyﬁﬁ:hfﬂﬁat the pH

t al dehyde apal , b .
I AELALE ey BLOPaRlL BAIRe: M Uhaceion 1o
adanoihyadt | ho Rarwadubahupreberen@@gesihgmveﬁ berm> t 1.0,
ggﬁé;]f‘éx‘%%lﬁﬁ%t %netoa"iﬂf%ra%%etrr%l e ka%e'r%bel gl Bép't%ab

usi'ng a anmount o f an n1ne
as a catalyst. The am nes used for the catalysis of

tTheS hPaLL1 PHi San- A& iAbby hédisgdebBntNg FRMAIYN 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.
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 cyanohydrins to prepare (meth)acrylic acid
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

hereinafter with reference to examples.

Example 1
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basi c ion exchange resins. 10 Accordingly, the
carbonitrile can preferably be obtained by reacting a
ket one or al dehyde with hydrogen cyanide in the

resen f_a basic catalyst. In a articul ar
gﬁﬂ@d?ﬁé%?mi’%@i’)gsi c cat les‘ysﬁ4 used Pray IBQ%/EHZQP%é@f’Hw

net al hydrbxi de, in which case the anmount of 15 basic
catalyst is preferably selected such that the pH of

t hel 23 X0 ug e odsedad@tinébe lopdrdel yemsO2 cadiSRoONtySe, 1242239

adj ed 1o | in ther e from6.0 to 11.

pr e#%%abl%/m%r%@y loaulij(?fo a%adllrr%gt% prfré:foénr ab rfilc =5 tgbg.l%.og) !
20LThe dydriol ysliss trigaicadon 2of  (Aee igreds e 2108, nventimencially
MY o £EASLL aﬂ‘éfms§ﬁ‘&eyﬁ§1e l'snt&eré@ﬁi%aefm%t &hdMo.o g of
processes, for preparing (nmeth)acrylic acids, .
edPersiEiTizeicr P i Argenatepr dpendleacmswdierandcommercially
nMethacradis agk&m( 2808t ot dUPRERRIC actéde1 POCh A KY! £ir
(nmet h)acryl ates. 25 Accordlngly, the present invention
alR&F i dB8da  WRRERESERFIPr e ngUnet y?-  KG)  are
Niciiegv: st :s}ﬁlv?ﬁl@;h\M}jW'ﬁniMpir_ﬂ %Sm__axéwdi()]@izyﬁél‘ﬁ, sk \;\0%72 b%y@e) at
pr.ocess. the present_ i nti.on; Prqcesse ic

CGhor TS4CRERG GBI <OF 518 o8y anBRJr n8LEb° préfsare OF
( B8t Miact yver aoiel BDnanek or al kyl (meth)acryl ates are
detailed, inter alia, 1in EP-A-0 406 676, EP-A-0 407

811, EP-A-0 686 623 and [EP-A-0 941 984. The present

| FYOSECOERHLY. Be tH |assitriauas! itictaidi 144385 g of agueous
heraiikaf t 861 W utaft enkeeber8%aP! @0 EXambSnde M 211y
ZOOQL#SE 75 - 24 - PCT/ EP2009/ 052239 1123.0 g of

n8HganéSe Soxi d& VoS TR e, P23 OghzHEz  GmbH) ,
conmendnahby 284 Isdld,e famdn BEeachem Cof laigt. W%Qt8rg are
0 Lastici.zer ( Lgel. 208, .conmerci al | avaj | ahl

¢ poReRT e s, At E; AT RG8, By bpel Ul e
phragipeerared RvE noeceghX Manopowderdzeconfreddéhmekyr 1-
ayajypabl e from B+M Not t enkanper, Cesellschaft fur

Bergbau and M neral stoffe nbH u. Co. KG are

intensively dry-mxed in a mxer (Eirich, R 02 type)

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

This affords approx. 1100 g of shaped catalyst bodies.

The composition:

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

(calculated as Si0;)

The theoretical composition of the pellets is shown in
Table 1.
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an agitator speed of 1500 mn-' and a plate speed of

10 84 mn-' over two mnutes. Subsequently, wth

conti nued m xing, 445.1 g of aqueous silica sol

sol utj Koest rosol 0830 A, commerci al | avai l a

B ¢80k CORTLS Ba Kostri 3 Gnbry. 15 CBREFRROED HE5R230

Si2, and 186.7 g of dist. water are added to this

m xture which is mxed further until the agglonerates

hdvabIeached Gompanisiae obfdi anet ecatal@stm oBbaThed in
| lets were dried at 100C over 10 h. This

goéf%grw%p]grox. 1100 g of shaped catal yst bodies. The

conposition: Manganese di oxide: 87% 25 Plasticizer A

1. (ﬁjﬁs@lﬁfédtc' zer B 1.5% Aqueous silijca §8htent
gotuttTom—109% (catcutated—as—S-2)—30The—theorett+e
ddfposition of the pellets is &own in| Tabl e 8.0
EQQL% 130075 - 25 - PCT/ EP2009/ %2239 Tabl e 1:],2.635
(UllpUbl tonof —the—catatyst—gbtarned—+n—Examte—1
SieePt uent Content M2 (| &1). 196 $i 2 (% N-A63p
aA0B, (% 0.160 A12GB (% 0.47% CaO (% 0.123 MyC
% 0. 183 Naz2O (9 0. 012 KAL)\WQ 2. 753129
0eta  pPoaB (% 0.005 S (% (00073 Ignition | #3322y
2 M35 (%) 0.183
Nazo (%) 0.012
K20 (%) 2.753
Ti0, (%) 0.019
P20s (%) 0.005
S (%) 0.073
Ignition loss (%) 2.385
Total (%) 100 000

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 is placed above a fixed pressing jaw and
pressed with a mobile presSing jaw with increasing
force wuntil the specimen fractures. The fracture is
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
Erweka GmbH, D-63150 Heusenstamm. Further properties of
the pellets obtained in Example 1 are shown in Table 2.

Example 2
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
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Tot al
properties of the catalyst,
crushing strength was neasured. In
the specific side crushing strength,
pI%@e50@%6¥e0%V$ixed pressing§ aw and
nmobil e pressing jaw with increasing 10 force until
speci men fractures. The fracture is detected

e:cge%tré ogkeahhiytand Wihe fOr geagxpended untd lum t hend i BBaped
(0] r

t ted.. A t f f
SENFELE | Gyoeh 1o &t0iio Sasth dhent vas carr ed
out with a TBH 250 nmeasuring instrunment from 15 Erweka
63150 t Furth h
o S B LA oF8 AP oRE! Ryl lByar
Eﬂanplesﬁeebffaanwiéel vasskessent saképgrepewded, measured.
ndhal - $ 08 0l Séf a@tgé E&%%&gtg\egﬁtﬁfﬁegrir?dExample

but rat er processed ranul € s
el e shestery GRILg )ﬂpe) to V\D 2009/ 130075 - 26 -
PCT/ EP2009/ 052239 give extrudates with a di aneter of
1.6 mm_ The shaped catalyst was dried at 100C for 10
h E*AERI& ek ni ne t he nechani cal properties of the
catal yst, 5 the specific side crushing strength was
sur ed. Further i.es of the extrudat
OBPRIEAT i b AT Sl S nob P PRE M) 5 Sh alpRE atbe
1obedn gy lowass ess eneral hgtr dpéaatiedtzute)ocasmezt hatotdesed
sty t [ [0
e SRt by araoT Aag 880 BELEE Mo col APpRl %3%%% to
g e x@Fiucidaiesy vhtia éH mne—:rtem qf 41m‘h mIFhe pﬁé@aped
leacatigisyst waas dried aht1006obor #0-h.1dhe. shaped shaped
catalﬁst was dr.ie To determ ne the

f
nEeh V@&IWBFO8§F?§2§t138§%go%afa993P the specific

(%9 100 000 5 To determ ne the nechanica

the specific side

t he neasurenent of

a specinmen is
pPESERHZ WY 02239

t he

si de crushing strength was neasured. 20 Furt her
PLRPGL E?%l%f %%% %%%%%10%&%53% 1es Eﬁ?@%e catalyst,

type,

commercially available

the specific side crushing strength was measured.
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
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 (MnO2, HSA type, 1242239

from Erachem Comilog),
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3 are shown in Table 2. Table 2: Properties of the
catal ysts obtained in Exanples 1 to 3 25 Exanple 1 2
3 Form Pel | et Extrudate Extrudate Dianeter nrm1.5 -

6 1.4 len th mm2- 7 2- 7 Spec. side crushin}zj
I\V"Fﬁn%o%%/%?@ >4 strengt it Bdanpl e 4 10B6TOEB2@$9/052239
manganese oxi de (l\/h02, HSA type, 1242239 30 type,
commercially avail able from Erachem Coni | og), WO
2039ﬂﬂ&£075f Y astXJ{ HPR009AC%2439 620D, g ebmmercially

pl astl ZE Act| mrercj,al ly _avail a om
| 7 ke ner al s gﬁ# ﬁlg)erg‘ﬁ edmé?alsdul%‘?u?e%n% of
blmdezrer(taqmm' na)tm@%(ﬁr prernam“re}:l:(bzal ltypeavacbahéecially

|
f QD QN ( 10 Ch%ﬁgﬁggﬁ aﬁgggé an1é§gHFtln£gnS|ved¥lxed

in a mxer Tor sped
ofint5oGiviedyl amd & pldterspd@droftch, 84RmOﬁ ltypel 2at an

Moyt o rSuly %%enblfy 1%bh Fam' %?ad 1Y leli‘ate%%%% % of

of ~aqueoys lica sol uti on (Koestrosol

c@ﬁrTEF& alcl"iler a%é‘i‘#f&bq%‘sf rom Cheni ewerk Bad KSstritz
containing 29% Si 02, and 230.0 g of dist.

r are dded to this .m xture which js m xed
m%PEﬁSﬂu&ﬁ‘FraW Tt e B S h SR 1 chibhdl G Gedfueous
sezéich dscahetmmj;ldrs 3 KuastHwesoini §83pekhl, etcsom:ﬁclally

00C r .Thi s ;af f or.ds appr ox 200
o%lvggape écat af%\ég’t g:él1 S Th§a0d3 05|Eft|1‘6lnt &“bH
MifgaAeBENd 037 te SE0% F&Iait i28i0z ér 950/@f Pyisdr.ul water are

biades % AFHROUS: St EansPln SOLURE QR H%tea!l cilatied e

as . .
agglomerates have reached a mean size of diameter 1-

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

This affords approx. 1200 g of shaped catalyst bodies.

The composition:

Manganese dioxide 80%

Plasticizer 5%

Pulverulent binder 5%

Aqueous silica sol solution: 10% (calculated as
Si03)

The theoretical composition of the pellets is shown in
Table 3.

To determine the mechanical properties of the catalyst,
the BCS value (bulk crushing strength) was measured. To
determine the BCS wvalue, 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
a propQrtion of 0.5% of the total amount of material
used. The pressure corresponding to this proportion is

reported in megapascal as the “BCS” value. The method
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25 Si02) The theoretical conposition of the pellets
is showmn in Table 3. To determ ne the mechani cal
properties of the catalyst, 30 the BCS value (bulk
crushin ;tre th) was neasured. To determ ne the BCS
valQes? (29 %Q(P%Z:yl inder is Tidd ed with BRAPEHZHBBAI ©32239
and subjected to increasing pressure fromabove wth
a plunger, always for a period of three mnutes,
unts | sthgicesntlyngefil adinouwn (& =tled2 shigllhaseIS” aand is
r.oport f 5% f t he total nt of mat eri al
f lpsge({ '#r]r%ncol ssu cor rreesfplonn ng at@u‘]tkfﬁ < proportion is
reported in rregapascal as the "BCS" val ue. The nethod

0 £P20094Q52 :
SOl cr ey el kg ad tho Tehel PULast aRRtpined in
udedprliondi paIe phowm rigf iTeérhe dat al ysts. The resul ts
obtained fromthe pellets obtained in 5 Exanple 4 are
shown in _Table 4. Table 3: Conposition of the catalyst |
ofe&itfed 3itn BEAIE oot i tHent edhrbntt Mabpajogd in
T&:28%1eSi402 (% 18.434 Fe203 (% 0.173 A1203 (9%

0.495 CaO (% 0.099 MO (% 0.461 Na20 (% O0.031
K20 (% 2.466—Ti02{% 0.022 P205 (% 0.000 S, (%

0.067 | gniComstiosenty) 3.469 Total qIMrern. 00

Example 5 |y, (%) 74.284
S10; (%) 18.434
Fe,05 (%) 0.173
A1,0; (%) 0.495
Ca0 (%) 0.099
MgO (%) 0.461
Na0 (%) 0.031
K,0 (%) 2.466
Ti0, (%) 0.022
P20s (%) 0.000
s (%) 0.067
Ignition loss (%) 3.469
Total (%) 100.000

Example 5

Example 4 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
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,
the BCS value (bulk crushing strength) was measured.
The results obtained from the extrudate obtained in

Example 5 are shown in Table 4.
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Exanple 4 was essentially repeated, except that the
noi st aggl onerates were not dried, but rather
processed 15 in a Hutt granul e shapi ng nachi ne system
ﬁﬁg%gﬁ) tofglve extrudates with a dianmeter of 1.
catal yst was 2dried at 10@@?f%ﬁ29Qﬁfp52239
To detern1ne t he nmechani cal properties of the
catalyst, 20 the BCS val ue (bul k crushing strength)
was nmeasured. The results obtained fromthe extrudate
oht ai ned i Exanple 5 are shown in Table 4. WO
2%@?@&)% - 29 - PCT/ EP2009/ 052239 Exanple 6
Exanpl e 4 was essentially repeated, except that the 5
n@}éﬁﬂgﬁ%gl @m?v\;%e s‘é%&%l%%tlﬁ/drkgﬁga%é raé)pceé 1:t that the
processed in a Schluter annula f ess sﬁ%
( PPLZE agedrmegatgisy ereoe matat @st ¢rdwi lwgt ar@tlaaeteroeessed
1% M s s e peshy tat ahyst pwas sdrd e At %QQQ%CHyﬁQ) to

. .10 To determ ne the nechanlcal properties of the
cgtléﬂeyeetrueﬁléeeceaoem@e J slaesharshgl st rehgt Hye welsapred
measuneer wibedresdl ks obbacnedrf nomthe extrudate
obtained in Exanple 6 are shown in Table 4. 15 Table
4: Properties of the catalysts obtained in Exanples 4
t Bo6 dExanmplieed theb meetiamilelll etr dpartiicet eofExtheldedealyst,

t 6 7
ﬁfﬁge&e%%n?hégé g%“‘l]j% C} hﬁﬂ I ueésg:%s % |ﬁ7a?abrf1§c§lred
h@lﬂevelfesultt%h@éntétl@edzofmmedthehatextam@@tpar pbthesed in
t8REmp O s 0hLE ¥RLWESinStALEe gMaller particles reach
the proportion of fragnents predefined as the end
value nore rapidly. The extrudate according to
Exalnpte 5:i sprbpeetoee sb@ni ftheantdatdists Stafdaa ddmmn in
tﬁﬁaﬁgiégtg @gcgrding to Exanple 4. 25 Exanple 7

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 values shown in Table 4, however,
noted that large particles tend to higher values,
smaller particles reach the proportion of fragments
predefined as the end value more rapidly. The extrudate
according to Example 5 is therefore significantly more

stable than the pellets according to Example 4.

Example 7

1242239

and

(MnO2, HSA type,

commercially available from Erachem Comilog)

1167.0 g of manganese oxide

type,
145.9 g of

commercially

(Arginotex NX Nanopowder,

B+M

plasticizer

available from Nottenkédmper,
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1167.0 g of manganese oxide (WM102, HSA type, 1242239
type, commercially available from Erachem Com | og) and
30 145.9 g of plasticizer (Arginotex NX Nanopovvder

commer ci al | y avai |l abl e from B+M Not t enka

2080295025 00730 - PCT/ EP2009P052239 4%1%91%9(/ ¥ 7239
Bergbau and M neral stoffe nbH u. Co. KG are
intensively dry-mxed in a mxer (Eirich, R02 type)
aGeglagichatfer ﬁpﬁegeegbA’éOQlﬂa iln @l e pf B emapeﬁd Co.

- t b t | t
o A TS Ty ai R R e i fedti i aBi Ty R 02
48¥pe)qg af aquagnstestdr capsell bl U60DONMiKTesendsal plate

o] a | I %g! rom Chem ewer k Bad
Kog)t%ﬁ tz%G%%EI;"ghcon%’aeﬁ?jn %QSJ ‘2, 10 and 343 g of
dist. water are added to this m xture which is m xed

fEth%&uéﬂEh&; a PPPRIENGOUSHEIPSILIARN  hS ogﬁalwﬁcamr

e noi st conposition was processed wth a Hand
sePefl 15 fexty U PZVARD: ¥ yPe) Ofo gidpeous 51llca sol

gg@yg&&@af - Sraeed roe¥lir udati:es A, Tha shaped Latal ysia Vs le
rre

e, BhetlOrshe e shee hE- CEMBER bR Bl p i eas sic:.
Phﬁlét |3|L"43zgg bE% dﬂqueousat?éﬁ [ aﬁeg?ehdcse@di uttlcontl(’)liﬁ%mlxture
oFeEl B B AL SR R S R cdom

Cbﬁp@btﬂ@ﬁdof t he cat aI yst obtained in Exanple 7 30
Constituent Content M02 (% 74.721 SR (% 15.412

Fe23 (% 0.738
The moist composition was processed with a Ha&ndle screw

extruder (PZVMB8b  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:

Manganese dioxide : 80%

Plasticizer : 10%

Aqueous silica sol solution: 10% (calculated as
Si03)

The theoretical composition of the dried catalyst is

shown in Table 5.

Table 5: Composition of the catalyst obtained in

Example 7

Constituent Content
MnO, (%) 74.721
Si0; (%) 15.412
Fey0; (%) 0.738
Al,03 (%) 2.109
cao (%) 0.633
MgO (%) 0.316
Na,0 (%) 0.016
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Al2C8 (% 2.109 CaO (%9 0.633 MO (% 0.316 Na20
(% 0.016 WD 2009/130075 - 31 - PCT/ EP2009/ 052239
Constituent Content K2O (0) 3 026 TiO2 (o) 0.084

P .0 S (% 0.067 _lgnitionlo FS% 4
Té%l&f%%p]ﬁfgfﬁ)o Exanpl e 8 31167.0 g ofgﬁ%a %€g§/§52239
oxi de (Wn02, HSA type, 1242239 5 type, commercially
yvat-able+from-Erachem-Gonmtog)—and—2145-9-9g of
plGsistitzaemty Ar gi not ex NX Nanopowdenfencomperci al |y
E\i@bl abl e from B+M Not t gnkanper, Ges?u@ghaft fur
£

1
al-s e—bH4- KG—ar e

nlJr\'\ an | pa¥’d
JUI uuau (J.Ilu IA'Al IICI AT ot
Mighsi vely dry-mixed in a(%i xer (Eir@chg4 R 02 10

MPOS?% at an agi tator speeglcg%)f 1500 m(p O’L3zemd a plate

X
t
6

t
f
|

— =

speet of f—t—ever—2—m-AuteSs: uuuocquc ']t|y, W th
¢ont i nued m Xi ng, 487.9 g 0%) agqueous 08147 ¢a sol
sqlutican (Kaest rosol 0830 comer ciald 15
évg%l-g—érom—eﬁeﬁremrk é%)d ustritz‘;l % ),

DA
containing 29% Si 2, and 137.5[/g of dist. water are
added to this mxture whicfysim X ql)dqjddwr until a

nunugcncuua bUHpUbILIUH —s—obtairned: e nol st
conposi tion was processed with a Schl uter annul ar die
PEssspte give 0.8 nmcylindrical 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 de
80% 6 7Phast i zeant@tesAqueoiute si(Mhoa , salssoltyleon: 124409839

(%§£%9'%k%%e%%i§f%@ available from Erachem Comilog) and
145.9 g of ©plasticizer (Arginotex NX Nanopowder,
commercially available from B+M Nottenkdmper,

- Gesellschaft fiUr 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

1 over 2 minutes.

speed of 84 min
Subsequently, with continued mixing, 487.9 g of aqueous
silica sol solution (Koestrosol 0830 A, commercially
available from Chemiewerk Bad Kbstritz GmbH) ,
containing 29% Si0;, and 137.5 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 Schliiter
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:

Manganese dioxide : 80%
Plasticizer : 10%
Aqueous silica sol solution: 10% (calculated as

Si03)
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WD 2009/ 130075 - 32 - PCT/ EP2009/ 052239 The

theoretical conposition for the dried catalyst is

shown in Table 6. Table 6: Conposition of the catal yst

obt ai_n 5 Exanpl e 8 Constituent Content

7W@7§P%géﬁéﬁ0€@a 15. 412 Fe263 (% O. 73§’“ﬂ?§@§08%9g5539

2.109 CaO (% 0.633 MO (% 0.316 Na20 (%9 0.016

K20 (% 3.026 Ti02 (% 0.084 P205 (% 0.032 S (%
0Tﬁ§7tﬂqpﬁddﬁnaﬂoesmb@@iﬁi&é6fdﬁﬁﬁﬂe(&ﬁiéﬂOc&@alyst is

le 1 10 To 1123.0 g of manganese

OXI kﬁog gaégetype 1242239 type, commercially
avallable fron1Erachen1Cbn1Iog) wi th continued

mrXphng ig.a E‘Eb%{f@%s(l% 'é;Ch’ofR Q2,d y%%)a:aalézs@n cﬁ:Q!aFﬁte‘H in
geed of 1500 nin- | ate spee mn', are
aldenrias8l1 g of aqueous S|I|ca sol 15 sol ution
(Koestrosol 0830 A, conmercially available from

hem ewer Kk Bad RKestTi tzyGrbH), T contai ni ng 129% Si 02,
o8Bt YeRtof dist  water and YRS s [conti nued
umhd] the aggl onerates havye)reachedya_ nean size of

di aneter 1-3 nmm 20 ATTENMpr er e de process the

] ° t ruder
(P&HOVBb type) to give WO 2809//1300750-788 |-
PCI7TEPZ2009/ 052239 cl overl eaf -[shaped_.e ydat es. The
é§?.3sion begi-hs—wi-t-h (87 Per b
(%) 0.633

| MgO (%) 0.316

NayO0 (%) 0.016

K,0 (%) 3.026

T1i0, (%) 0.084

P20s (%) 0.032

S (%) 0.067

Ignition loss (%) 2.846

Total (%) 100.000

Comparative Example 1

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
an agitator speed of 1500 min?! and a plate speed of
84 min?, are added 445.1 g of aqueous silica sol
solution (Koestrosol 0830 A, commercially available
from Chemiewerk Bad K8stritz 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.

Attempts were made to process the moist agglomerates
with a Hé&ndle screw extruder (PZVMB8b type) to give
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al ready very i nhonogeneous extrudate energence from

the die plate. The material discharge becones
increasingly worse in terns of shape, and the

pressure in the head 5 upstreamof the die plate
w2 e OGS approx. 14 Bar,” rises h%ﬁ?5#%2QQ9@R§%?39
than 30 bar. The increasingly worse extrudate

energence i s acconpani ed by cessation of discharge

f arldher Inedi- ghated e rutcie e Tlse skt ohetonfbeains with

e et ; ;
U] S LI I 0r A8l 0, A0 BELVERL L JANBOCC A8, G 85 ULLoR che

oVvEerloadi ng. e een opened, e
netier i plate. tHeepressuiel WEathmwta dagrwhes hendreasingly
p'v%r%é“%?*@ﬁﬂéfb%d-s , ';@%ﬁﬁ g;}eﬁééréxqw@gg head
was essentially repeated, ‘except that the proportions

byRRSLFHT 0P Lt Hehpl &kt cpP2afEeandvlich hdeditde P tnwefRPTOX .

alitened., The Jed st raﬁgaggat 8 WehSre Pre6essed oMy .2 The
Handl e screw extruder (PZVNBDb tyge to 20 give _
XY TFECEEIGY W ANEE e PXETINA CPh eCBRAEPFUAC T at sl yRFCOMRRR 1 ed

didyed cats2@06nf ob£10dhsclhhegepeebti ctRedemsstushpagt. The
st udj ed,

strength of the resultin xt ruudat es S he
;relat pra niut S O At anre Y BaR hihe arddE eo
Sporengntt ofandpe catsalaystesuvbtaiafedover Evadphes Adtes the
1 | g P i Ci 102 engt k4 W
AP et BBEnSe? CHEMEQL: 31 P2 Rpciilossure
t heafangetresredf the Aapdréasei hepeasésdififdthe 30
bi nder content. Exanple 12 WO 2009/ 130075 - 34 -
PCT/EPigOQ/OSZZfi The properties of a catalyst

ob¥a™Re85adcbPding to Exanple 1 were studied in a
trickle bed reactor. To this end, a m xture of 30% by

mﬁ&ggélgf'ﬁc%%.neessentially repeated, except that the
proportions by weight of the plasticizer and of the
binder The
processed with a Hidndle screw extruder (PZVM8b type) to

were altered. moist aggregates were
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.

Table 7: Strength of the catalysts obtained in Examples
9 to 11
Example Plasticizer Si0,; from sol | Strength
w(%) w(%) (N/mm)
9 5 5
10 5 10
11 5 15

In the range tested, the hardness increases with the

binder content.

Example 12



10

15

20

25

30

35

5 cyanohydrin, 40% by wei ght of water and 30% by

wei ght of acetone was converted at a tenperature of

60C and standard pressure. The | oadi ng of the

catal yst was approx. 3 g of acetone cyanohydrin ger
of e at 8P 94613098 hour. 10 Addi%ional |y uBed’/hB$e09/052239
approx. 250 m of air per mnute at a pressure of
approx. 1 bar, and the anmount of catalyst was approx.
40 g. 15 The ACH conversion was 19.4% the H BA

sel.ectivit 95. 4% _Exanpl e 13 20 |l e 12 was _ ..
Rt AU S B, BxCEREATHAT ST R Yf roraing to
ol-eamale e laccarai sgutioeBxainpl e Zmasclsetded TeacACH . To
c er si was, 21%. .t he R cectivi : 5% _
Ex%%e e%gjfzs %nr%'pﬁ e 12 ng é?ls%n ral I‘N)%lgédﬁea%)gd, acet.:one
exaapohtating 6% abystweslohdi bl eabetordidng 0% by weight

Exapl ee SoM@SwHE e onvEIR ACH €0V RLRLeR W8S 33 3% 0 ddMeang
RIBA selectivity 97.0% 30 Exanple 15 Exanple 12 was

esdaftdand y rreseared, EReeptorRatga Okcattdly scatalyst was
obirainabl e3 agctdi Aget OndXagphendawas ysed. g ¥FF Thetalyst
ACH cqnversion was 32% the RIBA selectivity 74.1% WO
261587 75 - 35 - PCT/ EP2009/ 052239 Exanple 16

Exanpl e 12 was essentially repeated, except that a

catad.yst t.aj nahl ordi o] | e .
S ERPad, SRR G A P SRR S AP e tninute
ORNY® Ixewplee 1 PExappirexl2 habasssemd aldhg amount of

repeatiedt eXceRbptat ap 40 catalyst obtainable
according to Exanple 6 was used. The ACH conversion

was 50.1% the RIBA selectivity
The ACH conversion was 19.4%, the HIBA selectivity

95.4%.
Example 13

Example 12 was essentially repeated, except that a
catalyst obtainable according to Example 2 was used.
The ACH conversion was 21%, the HIBA selectivity 97.5%.

Example 14

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%.

Example 15
Example 12 was essentially repeated, except that a

catalyst obtainable according to Example 4 was used.

The ACH conversion was 32%, the HIBA selectivity 74.1%.
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15

96. 1% These exanples show that the inventive
catal ysts have 15 outstanding properties. It is
surprisingly possible through the shaping to inprove
the selectivity and the conversion. WO 2009/ 13007
36Q 1 755/052239 Cdire I. Catal y8tTfBr<009 052239
reacting carbonitriles with water, characterized in
that the catal yst conprises at |l east 5 60% by wei ght
ofExeamglanelse di oxide with an enpirical formula MOx
where x is in the range from1l.7 to 2.0, and at |east
one plasticizer. 2. Catalyst according to Claiml1l,
chaantler | 28d was 16sshatiehéy nungeersed di sdad@thashat a
SReAllyG S Upbatendhes  ddLdadAngs HAmSE 19 100 usea.
yst accordi ng aim1l ,

cidea @ icpayersd arhate s He7 ooatta‘aeyéftIB@omheﬁtﬁglty 97.0%.
manganese di oxide 15 conprises at |east one binder.
4. Catal yst according to at |east one of the
p %ﬁblglains, characterized in that the binder
conprises SiQ2. 20 5. Catalyst according to at |east

e _of the precedl cl ai characterjzed_in_tha
CREBEAGer 175 S0eoi 1105t - IEMY g Pl | S UPFacEhat 2
ar:e&allm'smheobiawgeableomctﬁﬁdti@%OOonﬁb@np% 66 was wused.
Cabl VRbyACCOROLDO; b8 Aad 037, (e Gl NrpBl CCEllgivity

characteriz in that t pl asti ci zer

cPéylﬁlneral. 30 7. Catal yst accordlng to at Ieast one
of the preceding clains characterized in that the
pl astici zer _has ness in the range.from
0T8eFE $XFPIGH a?@%‘t’ 5 oi’r £BVERCLEGst Y-St meve
36upseaading cbabpertebharacteri zed surphbsitdiey possible

C%B%EM%E the shaping to improve the selectivity and the

conversion.
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conprises alkali netal and/or al kaline earth netal
ions. WD 2009/ 130075 - 37 - PCT/ EP2009/ 052239 9.
Catal yst according to at | east one of the preceding

% RS T St or |5 107 el yet noBbPAERgOpG 052230

Caim9, characterized in that the pronoter is

selected fromTi, Zr, V, Nb, Ta, Cr, My, W Zn, G,

| Cld&3ms Sn and Pt, and m xtures of these elenents. 10
11. Catal yst according to at |east one of the

precedi ng clainms, characterized in that the catal yst
conpr i destaltysteadior80%seby tweigghtavbombpgahese wiitdxi weter,

Wéﬂhﬁaﬂ:@ém{é&ahnf eHY 2 MO paEL 8 X do%nﬁﬂéé%e é@n%ast
from1l.7 to 2.0. 15 12. Catalyst according to at | east

orfd of thé‘Velﬂl'Etc eff ngaigngse chapHREder | i#nt gaPpirical

t et W%e@é Rl asl i Gl Zehe aRdnBnd@ion S1 l7t00 2.0,
30% y ht, based on the weight of the catal yst.

2@ tP F6t RsaGiff catal yst according to
at Ieast one of the preceding Clains 1 to 12,

aracter| n_that .at Ieast ul ver ul ent
m%ngantecge éﬁ’g’m d8C5REAPYl €53t g mgu#(/eru &fcteggzed in
plté@tu ditrermangamexeddi oxobeaihasagyl sper b es. susface area
I:ngL)lcecsh% %glgremfl}gm; @ R rq obd Lharacterized in that
t t leas

e mxture conprising a t one pul verul ent
manganese di oxi de and at | east one pul verulent 30
phasti cazanyist aiiowti tfoachhgm d kiMdef. chlracterized
Pr.oces accordlng to Claml4, Characterlzed in tgat .
A8 1| fi‘f?u erCTGHpFT s esCHPT BRI ofBPRFTRERS spfoxide

BEOﬁ@rlEEGCESS].&aGﬁIT dineg Hiadatr .| east one of Cains 13
to

4. Catalyst according to at least one of the
preceding claims, characterized in that the binder

comprises Si0;.

5. Catalyst according to at 1least 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.

6. Catalyst according to at 1least one of the
preceding claims, characterized in that the plasticizer

is a clay mineral.

7. 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.

8. Catalyst according to at least one of the
preceding claims, characterized in that the catalyst
comprises alkali metal and/or alkaline earth metal

ions.
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15, characterized in that a pulverulent binder is
additionally used. WO 2009/ 130075 - 38 -
PCT/ EP2009/ 052239 17. Process according to C aim 16,

c [ i that the p erul ent binder i
f%&iéf&?%gt e and/or aUJb?/e_ci pitat eECE?FFéﬁpgéOW”
18. Process according to at |least one of Clains 13 to

17, characterized in that the aggl onerates are

ol ai nethtdlyy$mt r educrdgngnertgy i atan lieasénsiares m ®€r. the

g%ﬂéi%ecf{:rg%e%iaqghgor dbﬂgrgthL:L %885* n%hgfc Ctl}?é m::':aLJC%lyst

. racterized in ft € aggl oner at es
OIS ES atstlgRB) s eoremPe®ter in the range from
0.5 mmto 5 mm 15 20. Process according to at |east
one of Clainms 13 to 19, characterized in that

add) om&edY bt aFREYERIst Bp B2 idt edextFhpiRFtenized in
Prt@@ﬁ:sb suﬁ@lrpp@a@aérngscag@m@mh desrém gQaCtZJrr]gVZONb Ta,
c onjtri es wi t h,_wat aracterized int

Z%Ct % W Py | 2;& mﬁen'l ncg?he Br 85&ndd ofenf cBEEFyEeS of
cd:ﬂimseslai@nmmgsanese di oxi de according to at |east one

of Clains 1 to 12. 25 22. Process according to Caim

21, characterized in that the reaction mxture added

t d it-he Cadpdlyp$st aomprdsiag sengateseleddski denkas &f pHthe
' Brtelé%d&%@gecié% 6. &éxoaét]eﬁz@&]dlhhet}hé/tgr QS| éa{:élyst

carri ed out In he presence of an oxi di zi ng agen
28°MPr3EESs aaFcho%%g 805 Cyai Wepghbr 052 m%%‘%%rﬁi%@%ilde

| withatant heniarom tfoteuls Enbydwhdye ZXWE_tShﬁI‘prQPé Orange
n| L r| I e or 2- gygr oxypropionitrile. 35 24. Process
accordl ng £8 feast one of Clainms 21 to 23,

characterized in that the hydrolysis reaction is

C@ﬁ(iegaggiygg aéﬁgéygfigmdtgea%koLleast one of the
preceding claims, characterized in that the total
amount of plasticizer and binder is 1 to 30% by weight,

based on the weight of the catalyst.

13. Process for preparing a catalyst according to at
least one of the preceding Claims 1 to 12,
characterized in that at least one pulverulent
manganese dioxide and at least one pulverulent

plasticizer are mixed to obtain agglomerates.

14. Process according to Claim 13, characterized in
that the mixture comprising at least one pulverulent
manganese dioxide and at least one pulverulent

plasticizer is admixed with a liquid binder.

15. Process according to Claim 14, characterized in
that the liguid binder comprises at least one silica

sol.

16. Process according to at least one of Claims 13 to
15, characterized in that a pulverulent binder is

additionally used.
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WO 2009/130075 - 38 - PCT/EP2009/052239

17. Process according to Claim 16, characterized in
that the pulverulent binder is a framework silicate

and/or a precipitated silica.

18. Process according to at least one of Claims 13 to
17, characterized in that the agglomerates are obtained

by introducing energy in an intensive mixer.

19. Process according to at least one of Claims 13 to
18, characterized in that the agglomerates obtained in

step B) have a diameter in the range from 0.5 mm to

5 mm.

20. Process according to at least one of Claims 13 to

19, characterized in that agglomerates obtained in step

B) are extruded.

21. Process for preparing carboxamides Dby reacting
carbonitriles with water, characterized in that the
reaction is carried out in the presence of a catalyst
comprising manganese dioxide according to at least one

of Claims 1 to 12.

22. Process according to Claim 21, characterized in
that the reaction mixture added to the catalyst
comprising manganese dioxide 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.

23. Process according to Claim 21 or 22, characterized
in that the carbonitrile is 2-hydroxy-2-methylpropio-

nitrile or 2-hydroxypropionitrile.

24. Process according to at least one of Claims 21 to
23, characterized in that the hydrolysis reaction is

carried out in a trickle bed reactor.



