A shaped mefal fixed-bed catal yst, a process for its 4900{/2:]-—3

_preparation and its use : Descri pti onHps We

“invention relates to a shaped, Raney netal fixed-bed catal yst whi.ch
contains at |east one catalyst alloy nadelof a catalyst nmetal and an
extractabl e all oyi ng conponent, wherein the catalyst is activated in a

surface layer with a 10 thickness of 0.1 to 2.0 mmstarting fromthe
surface of the A sispedductailalfistedrbechpltallgstr, paproakssxEvactitsn of the
extractabl e all oyi ng conponent and whjc¢ch oﬂ' onal | cont ai ns pronoters.
The invention also rel ates to BXpPBFRELon ‘#(ﬂ't‘br ring the catal yst by
m xi ng a powder of the 15 catalyst alloy and a high nol ecul ar wei ght

pol ymer, shapi ng the m xture to gi ve shaped articles and renoving the
pol ymer by thermal treatnment and cal BeaFrEPEIRR shaped articles at
tenperatuges of less than 850[err]C. The invention also relates to use

of the catalyst for hydrogenation, 20 dehydrogenati on and hydrogenol ysis
reactions. The ivwénvadedrabites clad s yHapeat,e Rameyn matadhdiixeal-bed

engi neeri ng ) ney catalysis. Th are used neral Iy i n_powdered
form for a ?ﬁFﬁgYﬁEan‘Bl@¥c}6fc TR i RS 248 mgg'fysﬁadﬁé’éfn' de of
conpounds. a catdDPSE REVEET&fld Canh adytst St 0 ANV cofmpdhedt, 0y of a
catalytically active netal, in the follow ng also called a cat al yst

metal and a WVRereadR theogrheliskpbhartifatad il 30 ssnfagee layen weths a
/'2'\: ﬁﬁflni’ u%@??&fx%?ggﬁgg[]ggéolioﬂoaé.eo mm S8 D GO T HA A cd W ke
shaped catalyst by complete or partial extraction of the
extractable alloying component and which optionally
contains promoters. The invention also relates to a process
for preparing the catalyst by mixing a powder of the
15 catalyst alloy and a high molecular weight polymer, shaping
the mixture to give shaped articles and removing the
- polymer by thermal treatment and calcining the shaped
articles at temperatures of less than 850°C. The invention
also relates to use of the catalyst for hydrogenation,

20 dehydrogenation and hydrogenolysis reactions.

Activated metal catalysts are known in chemical engineering
as Raney catalysts. They are used, generally in powdered
' form, for a large number of hydrogenation reactions of

25 organic compounds.

These powdered catalysts are prepared from an alloy of a

catalytically active metal, in the following also called a

catalyst metal and a further alloying component which is
30 soluble in alkalis. Nickel, cobalt, copper or iron are

mainly used as catalyst metals. Aluminium is largely used



2 - as the alloying conponent which is soluble in alkalis, but ot her
~conponents may al so be used, in particular zinc and silicon are al so
“suitabl e. 5 This so-called Raney alloy is first finely mlled in
accordance with Raney's method. Then the & uniniumis renoved entirely
or partly by extracting with alkalis such as, for exanple, caustic soda
sol ution. 10 This process activates the aIon owder. Due to extraction
of the al um misurthe led layiog womponenis vhishghs spetible in albkahie, dped,

bet ween 20 arbq;ltge Oéllm érﬁ:’s ?t{lgr a%.so %8 LBed ?lgsgl{)gflgc ygrogen. ;-Qg or

activated cata phori ¢~ an8 under wat er

organi ¢ sol vesrms:.cm”n H‘reer&]eﬂﬂ%nuabﬂlegh boi I i ng organi ¢ conpounds.

Powder ed catal ysts have the di sadvantage that they can only be used in
bat ch processes and have to be isolated after the catalytic reaction by

filteringg hert{fsa(‘éd%lm Hanedy %Ql%%&EYfEE:Q‘éeﬁﬁnelT?%ﬂPéé fnnumber of
processes for reparin shaped arficles which lead to activated netal

fi xed- bed catagcendange ofi t&aam ‘snmethede Zheni Bhenphumsiniumpben
di scl osed. t iyat ed
0 ool osed | AdREUAN PR (SR ek LleLnl hRLAtA el BptL 1

cat al yst net as,antbmalexanplen \matdstam: @aogansolutiopol ynmer and optionally a
shaping aid, shaping this mxture by extrusion or conpression to give
the desired shaped 30 articles and cal cining the shaped articles in air at

10 This process activates the alloy powder. Due to extraction
of the aluminium, the alloy powder has a high specific
surface area, between 20 and 100 m?/g, and is rich in
adsorbed hydrogen. The activated catalyst powder is
pyrophoric and is stored under water or organic solvents or

15 embedded in high boiling organic compounds.

Powdered catalysts have the disadvantage that they can only
be used in batch processes and have to be isolated after
the catalytic reaction by filtering the reaction medium, a
20 costly process. Therefore a number of processes for
preparing shaped articles which lead to activated metal
fixed-bed catalysts after extraction of the aluminium has

been disclosed.

25 US patent 4,826,799 describes the preparation of activated
Raney metal fixed-bed catalysts by mixing a powder of the
alloy of catalyst metal and aluminium with an organic
polymer and optionally a shaping aid, shaping this mixture
by extrusion.or compression to give the desired shaped

30 articles and calcining the shaped articles in air at

temperatures above 850°C. This leads to a pore structure in



tenperatures above 850[err]C. This leads to a pore structure in

3 the shaped article, due to conbustion of the added organic
“material, and to the formation of a-al um ni um oxi de which acts as a
ceram ¢ bi nder between the alloy particles8 and provi des t he shaped
articles with the desired nmechanical 5 stability. Then the shaped articles
are activated by extracting the remaining al umnium which has not been
oxi di sed durithg shbepedatirtncle, dud toicombistien we e tdddedraogmsic s t he
formation of a- 10 al um ni um oxi de between the al|loy, particles as a ceramc
bi nder. a- al BatErdmloxPBE, tPnthenframation [@F (-3l yimhium sdde whighg

al um nium i t ,soLu 0.8 ' LSn t | ed out
during acti vgtc :Egna%f 5t Elgﬁgﬁggegigé%?cﬁgéwéé%% g:qéiljfsct?% cp aslf)k?acj{'sgo 3%%& 15
Cat al ysts pr pravédesnthecshdpadeantiblées WigR ot Hdmimed mectamniozsl

di sadvant ages. _ln.order . to form a;al ungi ni um pxi de the shaped articles
must be cad cPYERIALEY -t ERFB gf‘ﬁrghgﬁﬁ earglc%[%#?ﬁftlﬂf?q‘ea(g&y bel ow
850[ er r] C no extabefifguiheXiréRabhingnhyum2Ri derwlicl HaHinoe dale, which is

soluble in alkaljs, is fornmed._ | The a-al um ni um oxi de used as binder is
catal yti cal | pXidispdagir$BgaralehnadtieBuces the catal yst activity. During
calcination a well-sealed or |less well-seal ed seal ed | ayer of this

inactive material which is insoluble in alkalis is
A critical feature of this process is the formation of a-

10 aluminium oxide between the alloy particles as a ceramic
binder. o-aluminium oxide, in contrast to y-aluminium oxide
and aluminium, is not soluble in alkalis and is therefore
not dissolved out during activation of the shaped article
with caustic soda solution.

15
Catalysts prepared in accordance with US 4,826,799 have

serious disadvantages. In order to form a-aluminium oxide,

the shaped articles must be calcined at a temperature above
850°C. In fact, below 850°C no a-aluminium oxide but only
20 y-aluminium oxide, which is soluble in alkalis, is formed.

The a-aluminium oxide used as binder is catalytically
inactive and thus reduces the catalyst activity. During
calcination a well-sealed or less well-sealed sealed layer
of this inactive material which is insoluble in alkaiis is

25 formed on the surface of the alloy particles. Thus
activation of the alloy is made very difficult. In the
final catalyst, this layer represents a diffusion barrier
for reactant molecules, which results in a further loss in
activity.

30



25-fornmed on the surface of the alloy particles. Thus activation of the

~alloy is made very difficult. In the final catalyst, this |ayer
“represents a diffusion barrier for reactant nol ecules, which results in
a further loss in - activity. 30 4

4 In addition, it is expected of nodern catal yst systens that t hey
shoul d be easy to reclaimfor re-use, in order to . protect the

envi ronnent . IRr edddsing,ofitcésagkpartedbofideekdern neatd lystx exlrdimains dthedty st s

however is difficult e,to _the i nsol ubLe ceram c bi nder - EP 0 648
534 Al descri’%‘gg Fh‘gug?eggr S%antgf r%ﬁfg%lfli%/% P Ut O598% EDed
cat alyst whi plrotechr &tiec efivilicbhmsht a- Procéssidi offn e aiel 6l By bditsd The

catal yst is obtained by 10 shapi a powder of, at ] east one, catal yst all oy
with a po@ﬁ?é’@loffltxﬁé‘“%’&ﬂecégﬁggﬁgﬁ heveyer i Hi]t%gl%ﬂlcﬁ td%h & the

shapi ng aigds ;3 1RP18 Re2dWse Bindgd.t hen cal cining at tenperatures of
| ess than 850[err]C. During calcination the shapi ng ai ds and pore

producers are burned away. The alloy 15 powder and netal powder sinter

together 1o Y s sIPPRICHLERLL koS! ShLRUML POLONS SRUPL ALY AP

These shapéd "articlés us Consrs e catalys al | oy

whi ch are bop@edibyikecpowdar catalPstPiheckaidl pysdducedBiAhodthay- do not
contain any catalytically inactive 20 ceram c binder. The shaped articles

are activat e@liyninium oxideaes Rabéndpy. ke seziabysthelmlahfiaingd dunt ai ned
inthe 595 cah3A%ly &l VAW bR GRUsLLSLS8HE SAMIA a110y with a
powder of the pure catalyst metal, with the addition of
shaping aids and pore producers, and then calcining at
temperatures of less than 850°C. During calcination the
shaping aids and pore producers are burned away. The alloy
15 powder and metal powder sinter together to provide
mechanically stable and porous shaped articles. These
shaped articles thus consist of particles of the catalyst
alloy which are bonded by a powder of the pure catalyst
metal. They do not contain any catalytically inactive
20 ceramic binder. The shaped articles are activated in a
surface layer by extracting the aluminium contained in the

catalyst alloys with caustic soda solution.

Although the pure catalyst metal used as binder in this

25 catalyst also makes a certain contribution to the catalytic
activity of the catalyst, its contribution is negligible
due to the low specific surface area of this material. Thus
the catalytic activity of the catalyst, with respect to the
total weight of catalyst, is lower than it would be if the

30 catalyst metal were not used as a binder.



Al though the pure catalyst netal used as binder in this 25 catal yst al so

makes a certain contribution to the catalytic activity of the catal yst,
“its contribution is negligible due to the | ow specific surface area of
this material. Thus the catalytic acti5vity of the catalyst, with
respect to the total weight of catalyst, is |ower than it would be if
the 30 catal yst netal were not used as a binder.

5 EP O m%ﬂ%lsakmmmmmdsgusasgbl adeb;ndepovwlepowﬁer ofhe pure

cat al yst net wi.th a particle t han part cl e si ze
of e al | oy PEES fabtar petal MRl BerEidtecnten whichats 185

cat al yst - shapghrartheC IRt iBlies i decads the aallayi pelidedenseogabal ¥ysts with
smal | pore vol unes. EP 0 648 534 Al does not nention t he bul k

densities of ifFeaneitha Stuengd ffd the spfelysprepaped ayticlen; sThis
procedure,s howeyal .« d X a\(;era% Henuy '&acte'i?gtee%leﬁ smﬂgﬂdt,r kg/1. 10

Ther nopl astic materi al paring netall'i c shaped cles are
di scl osed in tﬁﬂlﬂ!@!ﬂ? 9 /648 Ted #dt eloes| pot mennttannthée budknt er abl e

porer <0 1 Aoy 3 GUETSL TRIG ! Mkodhed LRS! Bhlafea by

honpgeneousl Yt:hil§?pﬁdtmﬁuﬁe, howdklergr tﬁjvsepees:gdhngh%mlw aénamtaesrage
particle size of ss than 1 [err]m as binder and a dispersing aid.
These matdRqu rh%f e shaped to give shaped articles. In order to
renove t hgy bi nder, the freshly prepared shaped articles 20 obtained after
shaping are treated under a gaseous acid- cont ai ni ng at nosphere.
Treatment is m@mmmm natgrials |fos PrepPayioy mﬁéarbgWoipﬂpedyl ene

fraction haséjr?%}: dCéT r,educt ?t negd, j.n ? S
heated to ]teos err Jrﬂré%{c:ré'l c‘)l%cgrqrppgei e ;'.r'(i:llrlr%vré}‘t’1 ﬁglg@r‘érar nder
of contain A) a 51nterable_powderéd metal or a powdered metal
alloy, B) a mixture of Bl) a polyoxymethylene homopolymer
15 or copolymer and B2) a polymer, homogeneously dissolved in

Bl) or dispersed in Bl) with an average particle size of

less than 1 um, as binder and a dispersing aid. These
materials may be shaped to give shaped articles. In order
to remove the binder, the freshly prepared ehaped articles
20 obtained after shaping are treated under a gaseous acid-
containing atmosphere. Treatment is performed until at
least 80 % of the polyoxymethylene fraction has been
removed. Then the product obtained in this way is heated to
250 to 500°C in order to completely remove the remainder of
25 the binder which is still present. The binder-free product
can be converted into a metallic shaped article by
sintering, the final product being free of cracks and pores

even when the walls are thick.

30 The object of the present invention is to provide a shaped,

metal fixed-bed catalyst which has a substantially lower



25-the binder which is still present. The binder-free product can be
converted into a netallic shaped article by sintering, the final
“product being free of cracks and pores even when the walls are thick.
30 The object of the present invention is%o provi de a shaped, nmet al

fi xed-bed catal yst which has a substantially | ower bul k
density than conparabl e catal ysts knowmn fromthe prior art for the sane
or better hydnddenensdtyadhian oprparableghcatabysts krowrhfeomdtlyy privmped

metal fixed- %%:q: %o(‘ratt?}gitr?&\@] :o(}:h b&%@teﬁi ﬂ?d@ggéﬁggigﬁq ”§c€f$fw st al | oy

consi sting of a catal al "and an extrac | 0yrng conponent and
optionally pronoters. The catalyst is characterised in that it consists

excl usively the . catalyst .allaoy(s has a.total. pore |l upe of 0.1 to
100 5 11y RS SRlact AR TSR PYaze Shaper RPER: ixedThefneas of 0.3
to 2.0 Mt Addalg St WRildhe conthiae BY leageNBhet €aalpsk tarlopxtraction of
the extractabl e all oying conponent. 15 Thus the catal yst does not

contain, in coRFEStERY of a cadedpdt aefadoparingnt exEract@ake saUleyingny
| ess-active HEHg t i I | : | 14 if.has a
hi gher pore 6%1 néﬁ¥ﬁgﬁﬁ%¥2&ﬁﬁ%&%l%§fg??@?eggéh E@?ﬁgg%%%ygt %%ne al | oy
powder, whi clcheemttettiatedn inhithladr idctionatietls28xolteivéhyesf i sher oduced
when using the sane acti.vatiqn conditions. These diffegrences are due to
the higher  CatAidEt @ LA (3 vy he” BnbobalaPgEt TOLBRRI G ol Fe
10 0.6 ml/g and is activated in a surface layer with a
thickness of 0.1 to 2.0 mm starting from the surface by
complete or partial extraction of the extractable alloying

component.

15 Thus the catalyst does not contain, in comparison to
catalysts according to EP 0 648 534 Al, any less-active
pure catalyst metal as a binder. In addition it has a
higher pore volume than the known catalyst when using the
same alloy powder, which means that a thicker activated

20 outer layer is produced when using the same activation
conditions. These differences are due to the higher
specific activity of the catalyst according to the
invention both with respect to its weight and also to its
bulk density.

25 Nickel, cobalt, copper or iron are preferably used as
catalyst metals and aluminium, zinc or silicon are used as
extractable alloying components. The ratio by weight of
catalyst metal to extractable alloying component in the
catalyst alloy is, as is conventional with Raney alloys, in

30 the range between 30:70 and 70:30.



I nvention both with respect to its weight and also to its bul k density.
25 Nickel, cobalt, copper or iron are preferably used as cat al yst
"nmetals and alumnium zinc or silicon are_ used as extractabl e al |l oyi ng
conponents. The ratio by weight of catalyst metal to extractable

al | oyi ng conmponent in the catalyst alloy is, as is conventional with
Raney alloys, in 30 the range between 30: 70 and 70: 30.

7 Cat al §atzlypstcoracoording h i theeninvention baydbeedopiethwithot her

metals in order to nodjfy.their catalvti.c. activity. he purpose of this
type of dopi€ ?Ezmﬁ?i%xh%?xé,e’f gt° d‘?ﬁ!f{‘f@%&é&ﬁ&é{t{%\?i ?‘\']';tilﬁlgywepi fic
reacti on. ThenhéophRgoSe NGE atlsifireypde esfieidpihgcdld, edopr exampn e, the dopi ng

and pronoting of Raney catal ysts are described, for exanple, in, USP
4,153,578, | HWEOYS bhe odebeptiVitipEinng spaw) tips reagtion nThe: A9ringsa
799. Suitabl g psPOOL LS S QM A 1 dd ter@akhe WaREaLUAL 4t T tani um
and/ or m?ybﬁ%ﬁu% aéﬁgéaf'g%&io n&naéfg;i fro toﬁné) SI ati nur% grgEgb %\gy are
expedi ent | y prcmoting aef aRémgy neptokisttis ware described; atfelry skaaplley. ifthey

are typic Ya.P e i n,t C y 4N amin tQ 15
wt. % Wen d@% n ’il\??‘hgjr’w%‘l yﬁﬁgﬁj% ia%]yis(}s1 ?é;i‘gdilgnt%% 5ipgbf §9|3n FHS dopi ng
procedure oniy PE+RE 20t5¥ar199g Suter Sl « PrdmRilersFaret khyopdpgsarohhe
final catalyst is i ntroduced into a np) ybdate sol ution at _el evated

t enper at ur e, CePYLt at tRRFRIMRC. EHARHR RPYPR Mo latdenugh a8 gRso

treatmenjg ansPLrf Lo MONOtp PLe IMin RAKUHT GROWIE ekpedien®iy REdeRY the
catal yst. 20 An activated fixed-bed catalyst is prepared i n accordance

with the i nvaatabhopingi omet bnentm\ipditecatedsisst eddopf. Theyaare

Cat oLV L PSR BHERATE T Ol SR L BATH Shdunes 848" eo
15 wt.%. When doping with molybdenum, it is expedient to
perform the doping procedure only after activating the

15 catalyst. For this purpose, the final catalyst is
introduced into a molybdate solution at elevated
temperature, e.g. at 80°C. Depending on the duration of the
treatment, a specific amount of molybdenum compound is
adsorbed by the catalyst.

20
An activated fixed-bed catalyst is prepared in accordance
with the invention by mixing an alloy powder consisting of
a catalytically active catalyst metal, optionally promoters
and an extractable alloying component with a high molecular

25 weight polymer, shaping the mixture to give freshly
prepared shaped articles and removing the polymer by
thermal treatment and calcining the freshly prepared shaped
articles at temperatures of less than 850°C and activating
the shaped articles obtained by extracting the extractable

30 alloying component using caustic soda solution. A

polyoxymethylene homopolymer or copolymer moulding compound



25 wei ght pol yner, shaping the m xture to give freshly prepared shaped

articles and renoving the polynmer by thermal treatnent and cal cining
"the freshly prepared shaped articles at tenperatures of |ess than
850[err] C and activating the shaped aPticles obtained by extracting the

extractabl e 30 all oyi ng conponent using caustic soda solution. A
pol yoxynet hyl ene honopol yner or copol ynmer noul di ng conpound
i s saist ablitabde fioe uset he thghhigh exillerules geighd] ywElymer, this

bei ng deconpgsed t her,ma reatnent _at_t erature bet ween 100 and
2000 2 1] & AP e B HERGmPRE ST LEPBIFT EESRONATY At AT AER® | <
used lnsteadb@twa@hqumnahaybebec5 b@nvm@lﬁwmﬂowmngxﬂnéneﬁﬁﬂéﬁéfﬁﬁ:

copol ymer noul di ng nmpounds. Pol yoxynet hyl ene_and nethods for its

preparation P°l¥P§Y@ﬁ§ﬁﬂl?Bea(B@M§ohss%§¢¢E&Pﬁq?%du?ﬁﬂH9%¥R¥XﬂQ¥hﬁiﬁﬂq bed
in the lifger ﬁbﬁbﬁolymég SQegBQQMQWQEﬁPYéﬁé‘GC@&; Byt Gady 1 c_{ f Or the

freshly prepared shaped articles and as a pore producer m xed
directly witeompeupdsal folyekyngthylehasamdgretdinrdm for tits pMﬁimnaEﬁm

1155 Toasur 25 eariehl Ber RbsF BRIUGERIPEE i 0 AFCEHE AR et

preferably idnt kBer adgeraturbiom 5 to 13, in particular in the range from 6

to 9, further additives are generally not required during the

m xi ng. The MVI flow index represents adequate characterisation of

pol yoxymaphy rgae p BQ?okQﬁeﬁﬁymeﬁﬁsaQESZQStimbiﬁééﬁ”ﬁoﬂfﬁﬁﬁnﬂﬁﬁbhl Use of
POMwith an WI of [esS than one has been proven to be non-benefi ci al

due to the rdepaded sbopedyastiches and as a pore producer. It is
mixed directly with the catalyst alloy. It has been shown

that when using polyoxymethylene with a melt volume index
MVI (according to DIN ISO 1133, measured at 190°C with a
15 1load of 2.16 kg) between 1 and.50, preferably in the range
from 5 to 13, in particular in the range from 6 to 9,
further additives are generally not required during the
mixing. The MVI flow index represents adequate
characterisation of polyoxymethylene for the purposes of

20 the present invention.

Use of POM with an MVI of less than one has been proven to
be non-beneficial due to the reduced viscosity of the
molten material during the mixing procedure with the

25 catalyst alloy. The use of POM with an MVI of greater than
50 leads to failure due to the poor binder properties in

the mixture.

The catalyst alloy and polymer are kneaded in the form of
30 powders at 180 to 250°C to give a shapeable material. The

primary particle size distribution of the alloy powder used



motten material during the mixing procedure with the 25 catalyst alloy. The

use of POMwith an WVI of greater than 50 leads to failure due to the
' poor binder properties in the m xture. The catal yst alloy and

pol ynmer are kneaded in the formof 30 powfers at 180 to 250[err]C to give a
shapeabl e material. The primary particle size dlstrlbutlon of the alloy
powder used 9 I s substantially

unchanged dur:imgsnﬁds’tsarmiradddzumchﬁhn@edf duging tbisi proogdmaekes'l‘béaeéoré'he
obj ective m=th|s r.eli ar tre to prepare. the xgfure for

t he subsequerft ﬁ;ﬁﬂﬂ E%&ﬁFyEQGEFb bg lv?aﬁg ?%fﬁgpﬁﬁglgbﬂ%5¥ting
may 5 be used dedtnaimls toTlgﬁepaxfeumel mmltatcer gbrythat suldedqgtent Qi ve

extrudates with dianeters of about 1 to 8 mm which are broken into

appr oxi mat el PHARING HEAGSIF i Exdsusiqny hgablephipgopndxeomRasking eyl | oy
powder ands p ’Iﬁsreda‘rf‘oxf &k am 1%‘39%@%1 %th@el BE ?%EEEE'&B:L Mt Pgady tde two
t akes prace 1 n t

conponents 1 e extru he average particle size
of the catal w;ltvealé:d;rumea svith Qmaefatlearbl pfi aboht Lahged betnvwzhnc}SOaaad

120 [err]m Rarticle aneter l.ess th m.Lead to,.sh

articles VMtfP%ﬂ¥%QM}qgﬁN%?3§§F8§Ptf o %?e%agmcg?ggyg%§9g?f {ﬂe %rtlcle
di anet ers ar egeaiflredthasib] [thier ]am1otyhpopdeasah§a pslym@rhagé fed and the
strength of the shaped articles decreases. oxynetgglene i's
preferably affRpRaFsie tR Ghe extruder- Mléﬂ*ﬂ@nf’f BPMRPISRES t h

respect tfpthg@®Wacy in the extruder.

The average particle size of the catalyst alloy used is
preferably in the range between 30 and 120 pm. Particle

diameters of less than 30 pum lead to shaped articles with

15 too low a porosity for use as catalysts. If the particle

diameters are greater than 120 pum, the porosity is too high
and the strength of the shaped articles decreases. The
polyoxymethylene is preferably added to the mixture in an
amount of 5 to 100 wt.%, with respect to the amount of

20 catalyst alloy.

The freshly prepared shaped articles obtained by the
shaping procedure are subjected to thermal treatment in
order to decompose the polyoxymethylene to substantially

25 formaldehyde and to drive it out of the freshly prepared
shaped article. Decomposition of polyoxymethylene starts at
temperatures above about 100°C. In order to avoid cracking
the freshly prepared shaped articles by too vigorous
release of the gaseous decomposition products the shaped

30 articles should be warmed up appropriately slowly. Rates of

decomposition of about 6 to 10 grams of decomposition



20-catal yst alloy. - The freshly prepared shaped articles obtained by

t he shapi ng procedure are subjected to thermal treatnent in or der
"t o deconpose the pol yoxynet hyl ene to substantially 25 fornmal dehyde and to
drive it out of the freshly prepared khaped article. Deconposition of
pol yoxynet hyl ene starts at t enper at ures above about 100[err]C. In order
to avoid cracking the freshly prepared shaped articles by too vigorous
rel ease of tpeodastsupedekbipgsani ofi pobyoxynes il esteapetBhaaet ipodoyenshoul d
?g g’f;gdogpaggg(ﬂggg ?tﬁg'ﬁ%%ﬁéﬂsé’  rEBL 850  decomSiit r&%%s'c}a{no%e"fseat?%‘i} 6 to

products per afjLegiAag She PoeyPEYaBEFY | B eanl SfshopiE dted vfihner .SUift alplee
[sic]. These rates of deconposition can be set by adj usting the

tenperature FRTRATAPPFBPiFARinkRHRed 3% 3 RENStAMMIEIMAr NS Hadia sifned
at a conskankekahiesit6n’ dbefele witECHBASISIRY JRUMERARE t4dd) iTpcr easing
deconposition. In order to accel erate conplete deconposition, it is
therefore  ordesntendedelfnate heomphele adesanpesitiomasidd icorthenediogley

during the degaql I t,i.Qn,.pPropc re in order to intain the .. rate.of
deconmost & ofcaraepird s E0Y Eatretitife % CHY Srtd omsad Bt
process. TheddeingpeRet detoRposEtion hefocedutierin roxddes, tidepeiidivag rorhiehe
rate of deconposition selected, after 170 to 200 nj nutes. Experience

has shown TatRaPfiABCPBRAPE:BI0R b FRNFEARNI LR %ithse@ntire
articl es 10as gbBoRBoL 2t 866 HrOBLI0 Bhé ]| GeddpbWiti WU RIddG then  The

freshly prepared shaped articles may thus be initially  heated
relatively r&praipatesabdependdngronG:hahestce mf decampasdrtdramre is
| noreased 10-200LLE] CEned 951 £0! 566 MBAMLs. Exdl A HULLHA
deconposition 0 e’ pol'yoxynet hyl ene:

that the temperature of the freshly prepared shaped

articles has to be raised from 100°C to about 300°C.

15
The freshly prepared shaped articles may thus be initially
heated relatively rapidly to about 100°C. Then the
temperature is increased to 300°C in a controlled manner
which ensures slow decomposition of the polyoxymethylene.

20 If the freshly prepared shaped article is heated too
rapidly to 300°C the polyoxymethylene decomposes too
suddenly and the shaped article is destroyed. After
completing the decomposition process, the temperature of..
the freshly prepared shaped articles is increased to_thé

25 calcination temperature of preferably 800°C over the course
of about 100 to 140 minutes. The freshly prepared shaped
articles are then calcined at this temperature for 60 to

180 minutes.

30 The best temperature gradient for decomposition of the

polyoxymethylene may be determined by a person skilled in



20 If the freshly prepared shaped article is heated too rapidly to

300[ err] C the pol yoxynet hyl ene deconposes too - suddenly and the shaped
‘article is destroyed. After conpleting t he deconposition process, the

t enper at ure of the freshly prepared shhped articles is increased to the
25 calcination tenperature of preferably 800[err] C over the course of
about 100 to 140 m nutes. The freshly prepared shaped articles are then
cal ci ned at tties amdnder & fiew PeldMingry tesgss. rthdnaas; to 139 takemewito
tenper ature qradi.ent I 110 f t xyiet h e may be
det erm ned b% C%%;‘)lg‘&scgjrt\&s %Cé(}g%%‘lh Endse @ﬁat ‘ftﬁ é/’?O‘;l’/]ht %%v&rh
prelimnary tfasiad dal‘tahqsﬂ Malye atla;loehoel atfﬁectedaﬁooskﬁlhe Vdied e 5y O e Ng

t hese t hat the or03|t of t he 2 catalyst nqg al so, be affected to

sone degree 8FEnt dugnte Aecomprsitoiop e ti on
of the 5spol W&éﬂl@*’l @nd, h%ter @%alsm ' §Pap&e éhﬁp.?&e&réfﬁ becores
sonewhat di stended. As scribed above, ogev%r e hi,s proce ure must not

be al | oned t decemes somewhiad: glistended: udsi dﬁSG#-‘lqu!Fé akyesesh yhgwexeir ed
h d ticl e n e r..h n order
shaped ar 'Ct%ne Ear@:)édt fegfmt‘ésc & bg Caggﬁé& o "BOE e o NOY féte'

to adjust 10 or osl I'na yst “Shaped artic
Deconposi t i omdesit ruat ipol Yook \tlet firleashd ympyeparedr Slsiped artichelerifimay | N

order to support the .deconpositi o ocess, however, it may al so be
per f or ned, ag’ &qe H;p QOR'@?%ES %?weYﬁranl%c‘?’Efi%rﬁ%"?ﬁWt

at rmSDherleo S cya;lx%sny ¥F <i$1ef Qrin!aiecﬂﬁéli‘gttQﬁaﬁé&aéf'@ﬂﬁl@r e inorganic
or organic acids which are volatile at the tenperatures used. Suitable

acids are for exanple nitric acid, formc acid or acetic
Decomposition of the polyoxymethylene may be performed

under air. In order to support the decomposition process,
however, it may also be performed, as described in DE

15 40 07 345 Al, in an acid-containing atmosphere. Suitable
acids for use during the treatment are inorganic or organic
acids which are volatile at the temperatures used. Suitable
acids are for example nitric acid, formic acid or acetic
acid.

20
Calcination of the freshly prepared shaped articles may
also be perforhed in air. Restricting the calcination
temperature to values below 850°C ensures that any
aluminium oxide formed is present only in the form of y-

25 aluminium oxide which is dissolved out of the shaped

articles during subsequent activation.

For activation, the shaped articles are treated, after
cooling, in a 20 wt.$% strength solution, preferably caustic
30 soda solution, at a temperature of 80°C for a period of 120

minutes. This dissolves out the extractable alloying



acird. 20 Cal cination of the freshly prepared shaped articles may

al so be perforned in air. Restricting the calcination tenperature to
“val ues bel ow 850[ err] C ensures that any al um nium oxide fornmed is
present. only in the formof [err]- 25 al uk®ni um oxi de which is dissol ved
out of the shaped articles during subsequent activation. For
activation, the shaped articles are treated, after- cooling, in a 20
W . % st r engt hcagndamendn contefigresbliyn dhesicatal@stodiley) unseallut a

tenperature of, 8Q[err] C.for a . periqd of 120 m.nutes. This di ssolves out
t he extracteﬂﬁky@% %%#W1 he exé%actlon proceéss progresses from gﬁiz

conponent Comw@fiRse IJE tthe e tartlilcdy, iuwdalky Usingubhei valudbe
extraction process progresses fromthe surface of the shaped article
i nwar ds. Usi rigitiaske congandgatdon RE caHeEAFr 8PHRNSRIUELRRL | EtS0da

sol uti on, %}t Zte?n SRR Wit b e iR 10201 0EathAt TBAbt i fatEy b pUL €T

| ayers wit I ckness of about "0.8 nm are obtai ned when _the pore
vol ume for tHeaysrspedtdy td dhddkne®sg off Apourhl.8 mmharknebtabhedhehent er

| ayer can be uaried DEREN GELT QUL ol L BX) ENaDOHNG fiip, pagaEet er s

ment i oned above, PHE 1P on p 8rs hent i dned” are’ hus hot fi xed

val ues buttHirykres adi f14tad dutexr ayean caki beedarhed hbetwéehncertain
accordance with his requirenents. After the extraction rocedure the

shaped arti cldnig s Ry Ghangiing the r@éfa\mettﬁr_s meREipngd gak Ttﬁ?ed'rhﬁder_ wat er
until theyy argusRtioky paralft ¥LeRnt ideer bRPedt8A3PhEE EDgeAr GRRAALI ON Of

an activated netal fixed-bed catalyst which consists entirely
but may be adjusted by a person skilled in the art in
accordance with his requirements. After the extraction
procedure the shaped articles are washed alkali-free with
water and stored under water until they are used.

15 .

The process described enables the preparation of an
activated metal fixed-bed catalyst which consists entirely
of the catalyst alloy. Compared with the catalyst described
in EP 0 648 534 Al, it therefore does not contain,

20 surprisingly, any pure catalyst metal as a binder and thus
has a higher volume-specific activity. It has also been
shown that on the whole catalysts with lower bulk density
than those in EP 0 648 534 Al are produced using this
process. This is particularly advantageous in the case of

25 expensive catalyst metals such as cobalt.

The catalyst according to the invention can be used for
hydrogenation, dehydrogenation and hydrogenolysis of
organic and inorganic substrates. Using the catalyst

30 according to the invention, for example, nitro compounds,

imines, nitriles, CC double and CC triple bonds, aromatic



of -the catal yst alloy. Conpared with the catal yst descri bed in EP O 648

534 Al, it therefore does not contain, 20 surprisingly, any pure catal yst
“nmetal as a binder and thus has a hi gher vol une-specific activity. It

has al so been shown that on the whol d3catal ysts with | ower bulk density

than those in EP 0 648 534 Al are produced using this process. This is

particul arly advantageous in the case of 25 expensive catalyst netals such
as cobalt. and hétercatrahystic acimysl ngprbortie dompennidsn aodn epexided, f or

hydr ogenati on, defjydr ogepati on and dy ogenol ysi s of organi c_gnd

i nor gani ¢ suﬁ%??a s?ngb$§§'fﬁglgﬁig%§éf _a&%%o?ﬁ%ﬁg_PgdfﬂgePnVEaFFon, f or
géﬁggleérgh;%?gﬁfﬂPBHQdﬁhich afénégﬁheﬂﬂﬂdﬂéfﬁforcghggﬁbE?g@%do@CéLG'ple

het er oar omat hydroggsatianboveytt tempo Pkt hemoneox ifdes exampdles 0o alOohnd s

Coerr], eanos BYdhon50aLed 4oLic YOS MSA 1o aciBaTbons whi ch are

convent i oRal F8r ogenat1 orn " reactTons. EUrthernDre,
for exanpl e, aminodbkanobs cean hise didhyyingrmmited! tto give emibhoxwurboxgtids and
am noal kanol s ¢an be dehydrogenated to gi ve am nocarboxylic aci ds.

A particularP?lﬂﬁeferred use is directed towards a process 10 for
preparing i sophorone diam ne (I1PDA) fromisophorone nitrile, wherein,
in a first stage, isophorone is converted into the correspondi ng

i m noni tril eAupangiaukeniy preferred usgg dseiceastesh towiagdsman @riosess

cat V40", RolBBBRATON" spunBFbnd PRI IR RN . g
to the nitrile, wherein, in a first stage, isophorone is converted

into the corresponding iminonitrile using ammonia in the
presence of an acid imination catalyst in a manner known
per se and this is hydrogenated and amminated, in a second

15 stage, in the presence of the catalyst according to the
invention to give isophorone diamine. The first stage is
performed in the presence or absence of a solvent,
preferably in the presence of a lower alcohol, at 0 to
100°C, for example in accordance with DE patent application

20 196 27 265.3 in the presence of an organo-polysiloxane
which contains sulphonate groups as an imination catalyst.
In the second stage the reaction mixture from the imination
stage is passed over the catalyst according to the
invention, preferably using a trickle-bed procedure at a

25 pressure of 3 to 10 Mpa, wherein the reaction temperature
is either 80 to 150°C or initially 10 to 90°C and then more
than 90 to 150°C. Further details relating to process
management may be obtained from the publications DE
43 43 890 Al and DE 43 43 891.



I nvention to give isophorone diamne. The first stage is perfornmed in
the presence or absence of a solvent, preferably in the presence of a
"l ower alcohol, at 0 to 100[err] C, for exanple in accordance with DE
patent application 20 196 27 265.3 in t He presence of an

or gano- pol ysi | oxane whi ch cont ai ns sul phonate groups as an i m nation
cat al yst. In the second stage the reaction m xture fromthe i mnation
stage i s pasBsamplerlehe catal yst according to the i nventi on,
preferably using a trickle-bed procedure at a 25 pressure of 3 to 10 Ma,
wherein the reaction tenperature is either 80 to 150[err]C or initially
10 to 90[ err pfS aotitvAeadnookbalt ciétalydd was InfHpmrnddCushudg ler detail s

o g O BERSPElayuns B aTSTESY WE o GRLY W dTRMAG Puleat ons  PF
Exampl e 15 resplBtagbi ¥RbeHotaDaéigint B Hha'\@s) I EP HQhgUHHI process
cobalt/alumniumalloy with 50 wt.% of alumnium with 5 respect to the
total wei ght dgfcribedt| Bhe average Raptivks size mfs dhiephepbaiite wager age
particle sizg of the cobalt was 60 [err]m A m xture consisting of
15 wt. % of a 80F90xynethylene 10 copol yner and 85 wt. % of the

cobal t/al um nium al | oy was prepared at room tenperature and extruded at

a tenperature  of 190[e[rL§:mﬁth a mass flow of 10 kg/h in a double
shaf t exBr BYEEUrQerABELiahEnD PEi Heret - ¥ BE ruR L yeyEbhy Ieme

pol YOyt L8BS) GAER! XA REOR1 %68 ehd dbotioladitaneal dhrky oy I @ @
prepared at room temperature and extruded at a temperature
of 190°C with a mass flow of 10 kg/h in a double shaft
extruder (Werner and Pfleiderer; Extruder ZSK 30). The
polyoxymethylene copolymer contained 2.7 wt.$ of butanediol
15 formal as a copolymer (Ultraform® N2320) and had an MVI

(190°C, 2.16 kg) of 6.7 to 8.5.

To decompose the polyoxymethylene, the freshly prepared
shaped articles were first heated up to 120°C over the

20 course of 10 minutes in a furnace. Decomposition was then
performed with a continuous increase in temperature from
120 to 280°C over the course of 90 minutes. After this time
the decomposition had largely terminated. Then the
temperature was increased to 800°C over the course of 125

25 minutes. The freshly prepared shaped articles were calcined

at this temperature for a further 140 minutes.

After cooling the shaped article, it was activated in
caustic soda solution (20 wt.$) at a temperature of 80°C

30 for a period of 120 minutes.



(190[err]C, 2.16 kg) of 6.7 to 8.5. To deconpose the

pol yoxynet hyl ene, the freshly. prepared shaped articles were first
“heated up to 120[err] C over the 20 course of 10 minutes in a furnace.
Deconposi ti on was then performed withla continuous increase in
tenperature from 120 to 280[err] C over the course of 90 mnutes. After
this tine t he deconposition had largely term nated. - Then the

t enper at ur e VE® ifiicrada et alyst06hapedCaatdclehehadua séiafeti®b @6 Frimuf es.

The freshly prepar S ed article re L.cined, ., .. at this tenperature
for a further TRPSHM oD i and g Daf B FRiGk: Aetirant arteri EAPSE "as
activated inThe b‘z@&ﬂéﬂrﬁ; $tdenyhliWia@n 1080NWmd@sated 1RNDICS 3k 4dEa Df
80[err]C 30 for a period of 120 m nutes. The final catalyst

shaped arti cldiFastdon dcaaddndoftos ASTM D 437PsRg1 n Bhescarghyvgta 0.8 mm
thick actigat ﬁ%féﬁ' R G4 r LAg s Shl t : sured
in the rad"i?/alfﬁcia | recét | ondzi'élgortg]?%l%t gﬁﬁgill%ll%h4?%8-gz%.?éﬁ%gep%%%g{%tQS
prepar ed accaraisigieamblhe nadnoed bnlkasiepsatycoér osdy by2 akg/lcamsi der ably
reduced bul k density. of..onl.y 1.2 .kg/l__as cQ e ith_.Lhe.prior art,

but st 11 nad SERed St chel el arde pus BIRELCERY: PELRIBRE one.

10 Conpar i sorstaigyte for use ih eRpdyitienappllabysions. accordance with EP 0
648 534 Al was prepared. Here, the alloy powder fromexanple 1, a

10 Comparison example 1l:

A comparison catalyst in accordance with EP 0 648 534 Al

was prepared. Here, the alloy powder from example 1, a

cobalt powder with an average particle size of 20 um and a

15 wax powder (ethylene bisstearoylamide) with an average

particle size of 15 pm, as lubricant and pore producer,

were used.

The alloy powder and 15 wt.% of cobalt powder, with respect
20 to the alloy powder, were carefully homogenised in a mixer
with the addition of water and, after intermediate drying,
mixed with 2.5 wt.%$ of wax powder, with respect to the
alloy powder. The material obtained in this way was
compressed into tablets with a diameter of 5 mm and a
25 thickness of 5 mm. The tablets were then calcined and
activated as described in example 1. The final catalyst has
a 0.3 mm thick active outer layer and a bulk density of
2.2 kg/l.

30 Application example:



cobalt powder with an average particle size of 20 [err]mand a 15 wax
powder (ethyl ene bisstearoylamde) with an average particle size of 15
‘[err]m as lubricant and pore producer, wer e used. The al |l oy
powder and 15 wt.% of cobalt powder, witH&espect 20 to the alloy powder,
were carefully honogeni sed in a m xer with the addition of water and,
after internediate drying, mxed with 2.5 wt. % of wax powder, with
respect to tfibe catalyesh poepared Thecomding dio cixammed i (G1i,s they was

conpressed into tablets wt di aneter of 5 25 thi ckness, 5 mm
The tablets ﬁg?‘gafﬁgﬁncgg%?g%%ta %‘:OESJ‘%%tW/a?@CP% s Y |at5ué)§‘l%| re} eg?gr%ﬁl e 1.
The final canalyatcbmfierciadl9. dvabliablekesisdlty supportddaayartalydgta bul k
density of 2.2 kg/l. .30 Ag@lication ex&g%be:

16 The d&PRAYEL OBr BpatEdcaeesd  HRRPYY e\l ery dpstachdor

conmpari sol C%h%b_i?i:iécﬁe{:%ﬂﬁyt&uﬁ 3¢ hS Qb SYAVER! $onl c(fC@]-)amino?d&rez_l-
commerci al ly availabl e cobal t sgﬁpor ed catalyst (cobalt on a siliceous
support) (CC3)Swértrimethylepelcheryhanine Gsophanontdiggimee TRDP)ar at i on
of 3-am none - L9-Erkn ' [ r di am ne
Toa) 11 ot anednds 3yt pIEE MG P AT AR GaRRsaRRST T T
IPN) in a twaistrdge pPNjedn. aThwopsbagssprscess defs igmibdas dat ail in DE

195 40 O, hent R BBt b S I L T TR hlhe o4 1 ©

10 the catalysts used are listed in table 1. '
In the first stage, isophorone nitrile was at least partly
converted into 3-cyano-3,5,5-trimethylcyclohexylimine in
the presence of an imination catalyst using ammonia and
adding methanol, and in the second stage this was

15 hydrogenated and amminated using hydrogen on a cobalt
fixed-bed catalyst from table 1 at a temperature of 100°C

and a pressure of 6 Mpa.

Each stage of the preparation of IPDA was performed in a
20 separate reactor, differently from the procedure described

in DE 195 40 191 Cl. The two reactors, however, were

connected in series. They were maintained at a constant

temperature by separate oil heating systems.

25 The first reactor tube had an internal diameter of 20 mm
and a length of 250 mm and was filled with 30 ml of a
sulphonate group-containing organo-polysiloxane (particle
size 0.4 to 1.4 mm; bulk density 525 g/1) as an imination
catalyst (see DE patent application 196 27 265.3).

30

The hydrogenation reactor had an internal diameter of 17 mm



converted into 3-cyano-3,5,5-trinethylcycl ohexylimne in t he presence
of an imnation catalyst using ammoni a and addi ng nethanol, and in the
"second stage this was 15 hydrogenated and amm nated usi ng hydrogen on a
cobal t fi xed-bed catalyst fromtable Y7at a tenperature of 100[err]C
and a pressure of 6 Ma. Each stage of the preparation of |IPDA was
performed in a 20 separate reactor, differently fromthe procedure
described  andnaDEengsh40£18%0Com FThd vae fihbedrwithdoldd arl aRrithe

Ceparat o of | PRERLERYoE, Ehehtvee BThA BRPL Sl BuERE Bty cnidf el o nal”

di aneter of 20 mm and a length of 250 nmand was filled with 30 M of a
sul phonat e group-contai ni ng or gapo-pol ysil oxane (partigle size 0.4 to
1.4 mm bul K THEnSPRPesaBugR| Lnathan L FFRaFPRRLOT ek B PAtddeP o5 fat ent

applicatign L@@ Zhe?@enpbradlre inTBReN¥EEO8ENAEA&F QS0 had Bk | Nterna
di aneter of 17 mm 17 and a

| engt h of 35@ressuxe Wasbpithl seasktons188snd Mpat he particul ar catal yst
bei ng tested during each trial. The tenperature in the first reactor
was adjusted to 35[err]C 5 and the tenperature in the second reactor to
100[err] C. Thte fepdesslueion bdt IPRedtbows. s dmMdraia (30 witheR ¥ et
solution of IPN (15

punped from BSit I]r\eréo h’wttﬁgsr? ?vlpgt ﬁﬁgp‘é"&' ;):/?:onel‘ rT)jelow nﬁgrhoatyg(}lx ét?e5 g\ﬁrso@ nas
10 reaction tube with a mass flow of 80 ml/h; the iminated
reaction mixture obtained in that way passed from there to
the second reactor. Hydrogen was passed from above into the
second reaction tube with a volume flow of 36 1/h, the
reactor thus operated as a trickle bed reactor. The product

15 1liquid was collected in a settling vessel below the second

reactor.

The product mixture obtained was tested for IPDA and
corresponding by-products using gas chromatography. The

20 test results are given in table 2.

Table 1: Properties of the catalysts



10 - reaction tube with a mass flow of 80 m/h;:

m xture obtained in that way passed fromthere to
"Hydr ogen was passed from above into the

the i m nat ed

reaction

t he second reactor.

second reaction tube with a

volunme flow of 36 1/h, the Teactor thus operated .as a trickle bed
reactor. The product 15 liquid was coll e;%ed in a settling vessel below the
second reactor. The product m Xture obtained was tested for |PDA
and correspondi ng by-products using gas chronat ography. The 20 test
results are given in table 2. Table 1: Properties of the catalysts
C1 CC1 CC2 D nensi ons 5 [err] x5
5 [err] x5 4.5 [err] x 5 Cobal t [wt. % 72
81 45 Al unm ni um [ot . %4 o1 &82
n.d. Byl k density [Kg/l] 1.2 2.2 0.74
Pore vol ume|pimensibgglierr]/g] 0.3 5 a3x90p s@xs P30 x5

Cobalt [wt.%] 12 81 45

Aluminium [wt.%] 28 19 n.d.

Bulk density [Kg/l1] 1.2 2.2 0.74

Pore volume [em®/g] 0.3 0.05 0.3

Thickness of outer layer 0.8 0.3 n.d.

(mm]

Breaking strength [N] 120 300 80

n.d.: not determined

Table 2: Results of IPDA preparation

Cc1 CcCl CC2 .

IPDA yield 89.7 89.1 84.3

Product purity 99.9 99.75 99.85

($ IPDA)

5

It can be concluded from the results giﬁen in table 2 that

a slightly higher target product yield is achieved using

the catalyst according to the invention with the same

catalyst volume. Since, at the same time, less of the

10 unwanted by-products are formed, a greatly improved purity

is obtained after purification distillation. Due to its

lower bulk density, the costs of the raw materials for the



Thi ckness of outer layer 0.8 0.3 n. d. [mﬂ

Br eaki ng strength [N 120 300 80 n.d.: not
det erm ned Tabl e 2: Results of | PDA preparation

C1 CcC1 cc2 | PDAM el d 89.7

89.1 84.3 Product purity 99.9 99. 75

99. 85 (% | PDA It can be concluded fromthe results given in

Eﬁbl e t2 'lthat cataLLY%Fl #he| grepgherreducsd q:nnqﬁfﬁd wighd the %Eafi::a@&f[’s‘% 't;':l%‘ 19
e cata e e _same cat a vol une.
VS| PEEPLELY a&%%@%@&’? %ﬁ %8 %\%ﬁ%é\ﬁy produc v d

Since, at the sane tine ts are forned, a
greatly inproved purity is obtained after purification di stiIIation.
Due to its | ower bul k density, the costs of the raw materials for the
19 catal yst are greatly reduced conpared with the catal yst CCL prepared
according to EP 0 648 534 Al.



20- ' Clains 5 1. A shaped netal

fi xed-bed catal yst containing at |east one catal yst alloy

"consi sting of a catalyst netal and an extractabl e all oyi ng
conponent and optionally pronoters, characterised in that the

catal yst consists 10 excl usively of 2be catalyst alloy(s), has a total
pore volunme of 0.1 to 0.6 mM/g and is activated in an outer

| ayer with a thickness of 0.1 to 2.0 nmstarting from t he surface
by conplete or partial extraction of the extractable alloying =~

conponent. 15 2. Shaped catal yst according to C ed
by ~ nickel,” cobalt, copper and/or iron as cat alaum H&[" Ilﬂﬂm“"T
L

and al um nium zinc or S|I|con as extractable alloy

and a ratio by weight of catalyst netal to 20 extractable aIonlng
conponent of 30:70 to 70: 30. 3. C&hiped catal yst according to Claim
2, charac%grised I n that it is doped with a further up to 15 w. %
W th respect to the weight of catalyst alloys, with the 25

el ements chrani uma lsmrpecccnteaiau, fid¥orbéd cabbyheenydhtaining a8nUéast
titanium as pronoters. Process for preparing an activated netal
fi xed- bed OQﬁuQﬁgéﬁy§ﬂxﬁ%%ﬂﬁquH§l@ﬁé“&f°?hé ﬁﬁgééhﬁﬁgmﬁiainﬁn@y

an extractable alloying component and optionally
promoters, characterised in that the catalyst consists

10 exclusively of the catalyst alloy(s), has a total pore
volume of 0.1 to 0.6 ml/g and is activated in an outer
layer with a thickness of 0.1 to 2.0 mm starting from
the surface by complete or partial extraction of the
extractable alloying component.

15

2. Shaped catalyst according to Claim 1, characterised by

nickel, cobalt, copper and/or iron as catalyst metal
and aluminium, zinc or silicon as extractable alloying
component and a ratio by weight of catalyst metal to

20 extractable alloying component of 30:70 to 70:30.

3. Shaped catalyst according to Claim 2, characterised in
that it is doped with a further up to 15 wt.$%, with
respect to the weight of catalyst alloys, with the

25 elements chromium, iron, cobalt, tantalum, molybdenum

and/or titanium as promoters.

4. Process for preparing an activated metal fixed-bed
catalyst according to one of the preceding Claims by
30 mixing at least one alloy powder consisting of a

catalyst metal, optionally promoters and an



30" m xi ng at | east one all oy powder consisting of .a. . .. _catal yst.
nmetal, optionally promoters and an extractable aIIo I ng

"corrponent with a high nol ecul ar wei ght pol yner, lmmmmuﬁﬁem H<l",|re
to give the freshly prepared shap@éL articles and 1
pol ymer by thermal treatment and cal cination of the 5 reshly

prepared shaped articles at tenperatures of ~ less than 850Eerr]C
and activating t heexhupetiableizlloying componmniddidd 1By hdghr aeliesylare

extractabl e all oyi nm, ldn | Whicon,
characterised in Weight p?MP&P &F%(yﬁk% nq{e%%armpo%ﬁr'e%r létgr copol ymer
with 10 a nmefreghlyunprepaead Mhapead cortdiciges arid Nekrfaﬁblmﬁ:the
nmeasur ed at 190[err§f mnth a oad 0 2.16 K bet 1 CFﬂ
preferably in the PRh¥Be¥B¥, Shepras treatm %x%ﬁ cRaiom afh & ange

from6 to §, is useﬁegﬁlyhgrepared st'i'éﬂé‘d @é@fd!te% e iteitipRAl s dFd this
I s deconposed 15 hernmal treatnent at tenperatures between 100 and

300C. 5. Plesestharcebiherd aFhivating Hdie @hapese aritd aliest
t he cat al yst al oy Sblﬁl: anbgvg)r{@ggc?ﬁﬁé Eﬂ& é&greaégabl%ogr}lg%l? to 120

[errlmand is addel | yoxynmne ene in of 5to
100 wt. % with respeompbnenheuann@nan alkallne(ﬁoluninnwmchﬂnamﬁdnisehe1n

m xt ure. ocess, accord aim characterl ed |n t.h t 25
the hi gh nol ecul artREfr:gﬁt B%Y?We{:ggh%%%% i Sfe W& on

of an aci domedi um at pE@aPE6 Binké ESndEk IEED (accordlnng.Q) DI Ii@@[ arr3ikG,
wherei n an approximately constant rate
measured at 190°C w1th a load of 2.16 kg) between 1
and 50, preferably in the range from 5 to 13, in
particular in the range from 6 to 9, is used as the

high molecular weight polymer and this is decomposed

15 by thermal treatment at temperatures between 100 and
300°c.
5. Process according to Claim 4, characterised in that

the catalyst alloy [sic] an average particle size of
20 30 to 120 pm and is added to the polyoxymethylene in

an amount of 5 to 100 wt.$% with respect to the amount

of catalyst alloy in the mixture.

6. Process according to Claim 5, characterised in that
25 the high molecular weight polymer is decomposed under
the action of an acid medium at temperatures between
100 and 300°C, wherein an approximately constant rate
of decomposition of 6 to 10 grams of formaldehyde per
kilogram of polyoxymethylene used and per minute is
30 set by controlling the rate of heating and/or the rate

of addition of the acid medium.



of - deconposition of 6 to 10 grans of fornal dehyde per ki | ogr am of
pol yoxynet hyl ene used and per mnute is 30 set ‘by-controlling . the..
"rate of heating and/or the rate of addition of the acid medium

7. Use of the shaped netal fixed-bed ca®dl yst in Luﬂ h
one of Clains 1 to 3 or obtained in accor dance Hﬁﬂﬂmﬂnﬂmﬂm@
to 6 for performng 5 hydr ogenati on, amm nating hydrogeﬁatlon
dehydr ogenati on and hydrogenol ysis reactions.

7. Use of the shaped metal fixed-bed catalyst in
accordance with one of Claims 1 to 3 or obtained in
.éccordance with one of Claims 4 to 6 for performing

5 hydrogenation, amminating hydrogenation,

dehydrogenation and hydrogenolysis reactions.



