AS ORI & NAL'LY FI LED ; i Hydr ogenati on of an

ant hraqui none conpound in the 5 presence of a catal yst
conprisirg, as active netal, at | east one netal of
transition group VIII of the Periodic Table of
the El enents 10 The present invention relates to a process for

hydr ogenat i ng an ant hr agui none conpound or a mxture of two or nore
thereof by contacting the anthraquinone , conpound or the mxture of two
or nore thereof with a catalyst conprising, as active met al , ‘at | east
one netal of transition group VIII of the Periodic Table of the El enents
and a process for preparing hydrogen peroxide by the anthraqui none process

conprising 15 Q 558 LA b t 8Py 3 defined above and the reaction of the
ant hr aqui none S5hBEERAL b X BLLED 1 step with an oxygen-cont ai ni ng
gas.. Virtually all of the hydrogen peroxi de produced worl dw de is
prepared by the ant hr aqui none process. 20 The process is based on

t he catal yti c "hydrogenaftion of an ant hr aqui none conpound t O give The
correspondi ng ant hr ahydr oqui none conpound foll owed by reacting the latter
with oxygen to give hydibghogantioniofien anthragdisespconigoynd éithe ng t he

hydr ogen peroxi de fornmed by extraction. The catalyst cycle is closed by
rehydr ogenatd on of the 2 -quswcapﬁéaatah@mml%@semm@/ The basic

reactions are summarized in 46 SHUGHER LR tPi¥isition group VI
of the Periodic Table of the Elements

10 The present invention relates to a process for hydrogenating an anthraquinone
compound or a mixture of two or more thereof by contacting the anthraquinone
compound or the mixture of two or more thereof with a catalyst comprising, as active
metal, at least one metal of transition group VIII of the Periodic Table of the Elements
and a process for preparing hydrogen peroxide by the anthraquinone process comprising

15 ahydrogenation step as defined above and the reaction of the anthraquinone compound

obtained in this step with an oxygen-containing gas.

Virtually all of the hydrogen peroxide produced worldwide is prepared by the

anthraquinone process.

The process is based on the catalytic hydrogenation of an anthraquinone compound to
give the corresponding anthrahydroquinone compound followed by reacting the latter
with oxygen to give hydrogen peroxide and subsequently removing the hydrogen
peroxide formed by extraction. The catalyst cycle is closed by rehydrogenation of the

25 reformed anthraquinone compound.

The basic reactions are summarized in the scheme below:



[err] * - = The ant hr aqui none conpounds used are typically dissol ved

in a mxture of several organi c solvents. The resulting solution is
referred'to as the working solution. In the 5 anthraquinone process, this
wor kitng solution is usually passed through the above- descri bed process
steps in a continuous manner. The ant hraqui none process is reviewed
in Ul mnn' s Encycl opedia of Industri al Chem stry, 5th ed., vol. A13,
pp. 447456. A particularly inmportant step of the anthraqui none
process is the hydrogenation step, in° 3thi ch the ant hr aqui none- conpound
in the working solution is hydrogenated in the presence of a catal yst
to give the correspondi ng ant hrahydr oqui none conpound. 15 Said catalytic

hydr ogenati on can be carried out in suspension or in a fixed bed in
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The anthraquinone compounds used are typically dissolved in a mixture of several

organic solvents. The resulting solution is referred to as the working solution. In the

(2]

anthraquinone process, this working solution is usually passed through the above-

described process steps in a continuous manner.

The anthraquinone process is reviewed in Ullmann's Encyclopedia of Industrial
Chemistry, 5th ed., vol. A13, pp. 447-456.

10
A particularly important step of the -anthraquinone process is the hydrogenation step, in
which the anthraquinone compound in the working solution is hydrogenated in the

presence of a catalyst to give the corresponding anthrahydrequinone compound.

15 Said catalytic hydrogenation can be carried out in suspension or in a fixed bed in
various reactor types. The relevant prior art is described in detail in EP-A-0 672 617, for
example. This reference relates to a process of the subject type using a fixed-bed reactor
comprising a catalyst bed having an open structure, It is suggested to use palladium on a

support, such as activated carbon, aluminum oxide or silica gel, as a catalyst.



vari ou$ reactor types. The relevant prior art is described in detail in
EP-A-0 672 617, for exanple. This reference relates to a process of the
subj ect type using a fixed-bed reactor conprising a catal yst bed having
an open structure. It is suggested to use palladiumon a support, such
as activated carbon, alum numoxide or silica gel, as a catalyst.

- 3- EP- A-0 102 934 descri bes another version of the anthraqui none
process which |ikew se utilizes a fixed bed having a structure
cont ai ni ng specific, parallel passages. Actording to this reference,
useful active netals for the catal ysts described therein include noble 5
netals, eg. palladium platinum rhodiumor mxtures thereof. us
4,428,923 descri bes an ant hraqui none process which is carried out in
suspensi on and utilizes a |loop reactor and pal |l adium bl ack as a

catalyst.  10ppbk (8 678448 mea ot R&idn &iﬁé‘ﬂl&%@ﬁﬁ&ﬁ prdt@ss sl fikdvdse R,

Pt or Ru as active netals in a catalyst suitable for the anthraqui none
process, wher eutiliney e fixedbed havirgen staichire santdining spegific] parallel passagegpAcegrding s ed

t materjals.for the. catalyst ibed. . . . The .Driqr.art
oot alhote did RobsR e magl e Vol S iah bOarsy desprined R afledidnls, o
a 15 high acsi;ﬂe%}/s, E%?gﬁialaﬁﬁn,?liﬁﬁuﬁ,fﬂoﬁﬁﬁ&'rﬁiﬁﬁirééitﬁdfeoﬂ:urtherm)re, it was
e a

not al ways possi hieve sufficiently high space-tine yields.
It is an object of the present invention to provide novel processes for

hyo9enal N0 B 4 o0 BALIL S 10T COTRENE Ll PR o o 7

achi eved, in opg @iHad] BB teactByard PAIAGEBDIACRES a cataliiedr ogenat i ng an
ant hr aqui none conpound or- a m xture of two or nore thereof by

contacting the anthraqui none conmpound or the m xture of two or nore thereof

wth a o S5UBbYSh 808 PAR WMok AR B RIUS AR, RRTROHRE afhorfte Hekhid" ©

of two or
in a catalyst suitable for the anthraquinone process, where conventional materials, such

as AL Os or Si0;, are used as support materials for the catalysts described.

The prior art catalysts did not always meet the requirements for such catalysts, such as a
15 high activity together with a high selectivity. Furthermore, it was not always possible to

achieve sufficiently high space-time yields.

It is an object of the present invention to provide novel processes for hydrogenating an
anthraquinone compound using catalysts previously not used for said hydrogenation.
20 .
We have found that this object is achieved, in one embodiment, by a process for
hydrogenating an anthraquinone compound or a mixture of two or more thereof by
contacting the anthraquinone compound or the mixture of two or more thereof with a
catalyst to obtain an anthrahydroquinone compound or a mixture of two or more
25 thereof, which comprises using a catalyst (catalyst 1) comprising at Jeast one
homogeneous compound of at least one metal of transition group VIII of the Periodic
Table of the Elements alone or together with at least one metal of transition group I or

VII of the Periodic Table of the Elements, deposited on a support in situ.



25 thereof, “which conprises using a catal yst (catalyst 1) conprising at

| east one honogeneous conpound of at |east one netal of transition
group VII1 of the Periodic Tabl e of the El ements al one or together with
at | east one netal of transition group | or VII of the Periodic Table
of the Elenents, deposited on a support in situ.

-4- The present invention further provides a process for

hydr ogenati ng an ant hraqui none conpoupd as descri bed above, which
conprises using a catalyst (catalyst 2) céﬁbrising, as active netal,
at | east one netal of transition group VIII of the Periodic Table of the
5 Elenments, alone or together with at |east one netal of transition group
or VIl of the Periodic Table of the Elenents, applied to a support,

t he support having a nean pore di aneter of at least 50 nmand a BET
surface area ofhé@bred®s tin2BticH Qithby Srodides b eocassofon hydrbgenating af ahthaqiBbd
being from0.01 to 30% by wei ght, based on the total weight of the

cat al yst, coipRpung as desetiked gbovepwhish corpises paipga eftaly i écatadyst Yecomprisingand

the catal yst s f ly 1 bei ng.<.0.05, Jhe . ti.qn
further provi d%ﬁ&g@%}%&a&a‘iﬁe%%r ;%’rt%gogﬁra The %gé%ﬁ?lﬁf’ggﬁipﬁ%@c?éﬁ%ooﬁ%
as defined ahoFRmenR] slbneOiMpgdtlaSvittsitlgastofainada 6t trdrsion gr&ip Bor ¥RHPRAeS N,

as active metal ., at | east one netal of transition group VIII of the
Peri odi ¢ Tabl ePeriodichBabiy efthe tFlements, applied toa SUBRRSt her SURDETH haying & argan paze

metal of transjdli leqQr.. VI he Peri od] an Eab] f

El enents, in aﬁyg%ﬂ%{é%g&tfsp i @d(ﬁﬁﬁ’gtsm%a&g%téﬁ?sf J%g%%c?ngﬁl%taﬁéo%%)?fal
wei ght of the gaivahesl beif@Rbin@0D11t0 30%ByPRREH!, bakddun Aot uéég% of tht balpsr e
vol une of the support bei ng macropores having a pore dianmeter of from

50 nmto 10, 00Wdrihe zati@ of thergurface argny of theggtiyometghindgbe eatglystisrppost prefably
support being oparnes having a pore dianeter of 20 from2 to 50 nm the
sum of the J“p“orge%ar\?/go‘lpﬁ‘r?g's bei ng 100% I n anot her enbodi nent, the
present invention provides a process for hydrogenating an

ant hraqui none conpound as descrjbed above, which conprises using a catal yst
(cat al yst The invesniipn figthepprogidesprocess frsdydrogepatingapsanthypquipane gpmppund

t it _the. i odj .5 T _ LEl s, wi th.at
oot one gy it el RERSLRRALS pd ol PhE FrifBRle il
}) htza El enents, inBapat RS YN mefal &ff euisitioR droup VBN %S e PigiogidtTabRr Fftiey Blamyntk,r om

15 alone or together with at least one metal of transition group I or VII of the Periodic
Table of the Elements, in an amount of from 0.01 to 30% by weight, based on the total
weight of the catalyst, applied to a support, from 10 to 50% of the pore volume of the
support being macropores having a pore diameter of from 50 nm to 10,000 nm and from
50 to 90% of the pore volume of the support being mesopores having a pore diameter of

20 from 2 to 50 nm, the sum of the pore volumes being 100%.

In another embodiment, the present invention provides a process for hydrogenating an
anthraquinone compound as described above, which comprises using a catalyst (catalyst
4) comprising, as active metal, at least one metal of transition group VIII of the Periodic
25 Table of the Elements with at least one metal of transition group I or VII of the Periodic
Table of the Elements, in an amount of from 0.01 to 30% by weight, preferably from 0.2
to 15% by weight, based on the total weight of the catalyst, applied to a support, the
support having a mean pore diameter of at least 0.1 Um, preferably at least 0.5 ¥m, and



to 15%'by wei ght, based on the total weight: of the catalyst, applied to a
support, the support having a nean pore dianeter of at least 0. 1
[err]m preferably at least 0.5 [err]m and

- 5- a surface area of at nost 15 nR/g, preferably at nost 10
mMerr]/g. The invention further provides a process for hydrogenating
an ant hr aqui none conpound as descri bed above, which conprises using as
a catal yst (catalyst 5) a nonolithic 5 sgﬁported cat al yst obtai nabl e by
sequentially heating in air and cooling doWwn a support mat eri'al in the
formof a netal fabric or netal foil, followed by coating with an active
conponent under reduced pressure, subsequent cutting and shapi ng of the
coat ed suppoLt  _mat er.i al f,j nal rocessing,to give a nonolithic
supported cat algﬁ a}ce&gelar?&at %%S%Tglm)ga%rﬁe&ﬁy - O fd;tg $east one metal of
transition group VIIl of the Periodic Table of the 10 El enents al one or
together with at |east one netal of transition group | or VIl of the

Peri odi ¢ Tabl eTd¢ invertion furtleenpeovides a processfor hydragenating an antbfaguizongyeamupound | |

of the Periodicg¢,_ Tabl.e of. the Elenents.can.n ri.ncipl e be used,.as
active netal . %f g?ﬁcﬂﬁ?ﬁoamlvcﬁdiwgfﬁ% PARE Hrg‘f‘f’g@ﬁbaaﬁ@yﬁi @fgﬂyﬂo TSmOI?qﬁH‘éni um
or a m xtures OkugpdRedéatdTist Bbfalheble B sefuentiillyhesraia! i ait20E caslindCdoes SilBhH S,

in particular ruthenium It is in principle |likew se possible to use
any metal of tmatesiakinghe form qfragungsall fabmaigrometel foil, oHlewed by ceatingiwith an active t o
usi ng copper and/or rhenium For the purposes of .the.present

i nvention, t he “YTRPGRENt: H%%F cfﬁ%urcg‘i'pmiﬁlge’" ﬁil%é?cglﬁ%[r @mgdf’%d fgapug% cggetg% °8§?4 ned
in Pure Appl. &ipbH ntheerfalléhffinaly prodessirg iE hive hﬁmoﬂ@%fclsG%J&&ﬂ‘(é&al@@Qﬁﬁng, as

di ameter is above 50 nm (nmacropores) or from2 nmto 50 nm (nesopores).
The active net adtiveorstanat lesst goa aretal |of tfangtiompouyp J10of the Panedie Tabipdfythe

wei ght , ~preferably fro out _.0. t 0o about. 5% by. wei ght , , espscial ly
from about b7 1EleBBS sme s @R it deto o oF bR E Al L PR X
wei ght of the péicic/Bdblaisakh Eleentor ef erred contents of the catalysts 1
to 5 being specifically reported in the discussion of these

Any metal of transition group VII of the Periodic Table of the Elements can in
principle be used as active metal. Platinum, rhodium, palladium, cobalt, nickel or
15 ruthenium or a mixture of two or more thereof are preferably used as active metals, in
particular ruthenium. It is in principié likewise possible to use any metal of transition

group [ and/or VII, preference being given to using copper and/or rhenium.

For the purposes of the present invention, the terms "macropores” and "micropores" are
20 used as defined in Pure Appl. Chem. 45 (1976) p. 79, namely to describe pores whose

diameter is above 50 nm (macropores) or from 2 nm to 50 nm (mesopores).

The active metal content is generally from about 0.01 to about 30% by weight,
preferably from about 0.01 to about 5% by weight, especially from about 0.1 to about
25 5% by weight, in each case based on the total weight of the catalyst used, the preferred
contents of the catalysts 1 to 5 being specifically reported in the discussion of these

catalysts.



catal ysts. - " Ant hr aqui none conpound” enconpasses in
principle all anthraqui none conpounds and the correspondi ng

t et r ahydr oant hr agui none conpounds suitable for use in the prepar ation
of hydrogen peroxide. The preferred conpounds which can be used are
described briefly in the chapter "Processing Procedure" bel ow The
catalysts 1 to 5 defined above will now.be described in detail by way of
exanpl e with reference to the use of rutheniumas active netal. The
details given bel ow al so apply to thebother active netals whi'ch can be
used as defined herein. 10 CATALYST 1 The process of the invention
can be carried out in the presence of a catalyst 1 conpr|5|ng at | east

one "honbgeneo ound of at .Jeast one netal ns VI
of the Peri odllrlgn opg C?W@O@Lﬁ%waa%ﬁd&%am[? alLan G dm&‘PPnff ﬁogﬁ‘]t;'ﬂl%gw th
or 15 wi t hout &ﬁlgmﬁghlﬁﬁjo 1ef fok N&BSihtthen
group | or VI Iaﬂ& tﬁee%&tresﬁ i odi'c Tabl eucljﬁﬁtehen‘%a?rgegﬁ%@hb of ip-)repare t he
catal ysts, a Ipﬁam&moﬂhvdregml peroxidec dﬂrpqnmﬁrrcd; compdlmds wiich ¢anebe ysedt e
during the reaction to Wlth" he fee deposited on a support
present in théle$cé15"&}?ﬂ h"fH‘Fé R5EF8 rocedlg "§o%-s al so possible to

i ntroduce tae honngeneous netal conpound into the reactor prior to the

reaction to”be deposited on a support present in the reactor during a
hydr ogen (The gatalysts 1 to 5 definéebabotérevild mowdxe;ksamfoed iredgtaibbye may iofi examplen,

"in situ" nmeans _that the catalyst js.not 25, dried,s t el
and then fed MAthoreferRacs &y thegse éz "r’%‘gﬂfst”ﬁn Qt@gf@f:‘ 3@%15 gwenth?fo,[‘)' ako® Y
according to LBa. By {8 6hkr ARYERElaRWhidiScah¥e W8 dsRefiltd eagt or | medi ately

before or

10 CATALYST!1

The process of the invention can be carried out in the presence of a catalyst 1
comprising at least one homogeneous compound of at least one metal of transition
group VIII of the Periodic Table of the Elements deposited on a support in situ, with or
15 without at least one compound of at least one metal of transition group I or VII of the
Periodic Table of the Elements. T6 prepare the catalysts, a homogeneous metal
compound is co-fed into the reactor during the reaction together with the feed to be

deposited on a support present in the reactor during the reaction.

20 It is also possible to introduce the homogeneous metal compound into the reactor prior
to the reaction to be deposited on a support present in the reactor during a hydrogen

treatment.

For the purposes of the present invention, "in situ" means that the catalyst is not
25 prepared and dried separately and then fed into the reactor as a ready-to-use catalyst,

but, according to the present invention, is formed in the reactor immediately before or

during the actual hydrogenation.



dufing the actual hydrogenation. i

-7- For the purposes of the present invention, "honogeneous conpound
of a nmetal of transition group VIIIl, | or VII of the Periodic Table of
t he El enments” or "honobgeneous rut heni um conpound” neans that the netal
conpound used according to the invention is soluble in the surrounding

medium ie. in the anthraqui none conpound enpl oyed 5 which is yet to be
hydrogenated or in-a mxture of these cor:rppunds w th at |east one

sol vent . Useful netal conpounds are in particular nitrosyl nitrates
and nitrates, but also halides, car bonat es, carboxyl at es,

acetyl acetonates, chloro conpl exes, nitrido conpl exes and 10 am ne

conpl exes and i . X I f rence i iven
fo O Ut hent R FEpEE Y Merbber? iniBhitbi Bomb AL, conttoBh® of A Relal ot 11T
nitrate and r trawitivinigroup VIIL, Ot WE dfythks Périvdic Table of th¢ Elemieg3" bhtotnogeseond
particular restrictions as to the amount of the netal conpound 15 applied
to the carri efJtRenny cempousd omgans that theymetah capnquad usedaceqrding &¢ theinyeniprnt
cat al yst : fyd n npl ex
is applied toIt gdbgéafrn)r/tlhg;}g? ﬁh%ﬁsagﬁﬁ%hg% tféé]u%}té%{l‘g%?&fu Sgnd%;{%%c{sr?{i"%‘oly g(?n 0.01
to 30% by wei ghich ibgaead behydbgenartalr inveimgitture of thewefcotnpowaidtitly sitleasdbnéict i ve
nmetal on the cellrrier(s). Sai d anmount is nore preferably fromO0.2 to
15% by wei ght SO'ff&#ti cul arly preferably about 0.5% by wei ght. 20 The
supports present in the reactor are preferably netal nmeshes, netal rings
and steatite bodi es as descri bed, anong others, in EP-A-0 564 830 and
EP- A-0 198 43Gsefililretal compumusratesinfatticutan hitfdsyl nittatdseand bitsatassiad also Haliges,
present invention and their preparation wl| nevert hel ess be descri bed

briefly bel owfargenates, caphoxylates) agetyicetontien &lare cgmplexes; @ittide sgmplexey prd

nunber s 1.6y eqREReci i S, BiEats o mishRTuRAR MRS TRE IS |
can be surf aceutheougheitresyl hitratee atthdnivea@ifechlorhief mtteniuh€lT) aiteite arll @chetiuth
active

oxide hydrate.

Although there are no particular restrictions as to the amount of the metal compound
15 applied to the carrier(s) in the process of the invention, in view of sufficient catalyst
activity and process economy, the metal salt or metal complex is applied to the carrier in
an amount sufficient to deposit from 0.01 to 30% by weight, based on the total weight
of the catalyst, of active metal on the carrier(s). Said amount is more preferably from 0.2
to 15% by weight, particularly preferably about 0.5% by weight.
20
The supports present in the reactor e;re preferably metal meshes, metal rings and steatite
bodies as described, among others, in EP-A-0 564 830 and EP-A-0 198 435. The
supports particularly preferably used in the present invention and their preparation will

nevertheless be described briefly below.

Particular preference is given to using metallic support materials, such as the stainless
steels having the material numbers 1.4767, 1.4401, 2.4610, 1.4765, 1.4847, 1.4301, etc.

since they can be surface-roughened by heat treatment before they are coated with active



conponént s. “Particul ar preference is given.to using Kanthal (material

nunber 1.4767) or alum numcontaining netals as nmesh material s.
Kant hal i's an all oy containing about 75% by wei ght Fe, about 20% by
wei ght C and about 5% by wei ght Al . Heat treatnent is effected by

heating the netallic supports cited above in air at from600 to 1100[err]C
S preferably at fromB800 to 1000[err]C, for from1 to 20 hours, preferably
for from1 to 10 - hours, and recoolingg This pretreatnent is crucial
for the activity of the catalyst since it is virtually inposSible to
deposit rutheniumin situ on the netallic carriers without this heat
treatnment. After this treatrrent at elevated tenperature, the support is
coated with  comdongnts Halt FAQERAID Biven ¢ Kantfall (ateiar '

enbodi nment , thce arriers be aboggerrlra%/u rég coat ecgﬁ{)i/eﬁva%‘g{l&frq 47%%
deposition w tér aimhmymcoufanmgmbﬂahds meshretagdrialssKartha ss & gllopadon@iningRbout
preferably Pd, .. hayi t Qi ckness of fr ab 0 out 10 nm
especi al ly abom%gywmg\ﬁggegpgout%% Y Welght £& 2 [SRE‘?“F%Z’(P W‘F‘glﬁéugﬁ?ﬁygﬁwpbned
EP- A0 564 830 effecteq by ASarf@ e RoR AR ubbHY A8 1SR HREPESY ROLIdReENe
invention, a particular catadlyst use a support in the presen
invention is5 aprafesdblyoét ﬂw&SGG toe 06, an frbml 1 tmnl(bhmins @referabld for from!lapel0

having a thic ness 0 ut nm has been vap r-dep05| t ed | litate the
deposi tion of TGG%O Wgtghns peetrgatment 1Pt°f‘%° Tox aravity %ﬁé&cﬁ iSHICE 1 o
use conventio |v1rﬁ1§fl€1r¥ siBIERD Abfosht it 1§‘§ﬁ1§]oﬁ?‘ﬁle meta‘ﬁgE gﬁ&(ﬁ&%ﬂ
silicon carbi m oxi de,” si |1 con di oxi de, tanium | oxI|

zi rconi um di omedetreamaqneAﬁerrﬁnsxredmwnz mmleuxadctempdsramrext}mrsappdrhsroemkd with each
case in the ormof spheres, extrudates or rings. Anpbng these,

particul ar pr @%F‘%&“’?%‘)@%&r to 25 al um num oxi de and zirconi um di oxi de.
The pore sijze and the pore distribution are conpletely uncritical. It
is p055|ble to use binodal supports or also any other type of support.

The supports dnea fpthef pefehky embodimpnt; the<arriers described above may be coated by vapor
deposition with a layer of a palladium metal, such as Ni, Pd, Pt, Rh, preferably Pd,
having a thickness of from about 0.5 to about 10 nm, especially about 5 nm, as is
likewise described in the abovementioned EP-A-0 564 830.

15
As can be seen from the examples acéording to the invention, a particular catalyst used
as a support in the present invention is a mesh of heat-treated Kanthal onto which a Pd
layer having a thickness of about 5 nm has been vapor-deposited to facilitate the

deposition of the active metal.

It is, however, also possible to uée conventional catalyst support systems, such as
activated carbon, silicon carbide, aluminum oxide, ;ilicon dioxide, titanium dioxide,
zirconium dioxide, magnesium oxide, zinc oxide or mixtures thereof, in each case in the
form of spheres, extrudates or rings. Among these, particular preference is given to
25 aluminum oxide and zirconium dioxide. The pore size and the pore distribution are
completely uncritical. It is possible to use bimodal supports or also any other type of

support. The supports are preferably macroporous.



Catal yst ‘1 and its preparation are described in nore detail in DE-A 196 22
705. 4, the rel evant contents of which are fully incorporated herein by
ref er ence. CATALYST 2 5 The catal ysts 2 used according to the
present invention can be prepared industrially by appl yi ng at | east
one netal of transition group VIII of the Periodic Table of the

El enents and, if desired, at |east one netal of transition group | or VII

of the Periodic - Table of the Elenents;to a suitable support. 10 The
application can be achi eved by inpregnating the support with aqueous netal
sal t solutions such as aqueous rutheniumsalt solutions, by spraying
appropriate netal salt solutions onto the support or by other suitable
nmet hods. Suit t fotr e I I of
the Periodic %%@gﬁglf Q‘{dh‘lzsaﬁ%éaﬁ%‘%) sa’%‘rﬁezs‘:{‘ eglniﬁir{l?rgg é{éﬂ 91?1 H%"éﬁygk ﬁ%%’ tlﬂieat es,
hal i des, car borgkasg costaith ofkwhidh e .fulkciatorparart deinds . refelethed. 0 conpl exes,
nitrito 15 conplexes or am ne conplexes of the correspondi ng netals,
preference bei GyTHNST 2 o the nitrates and nitrosyl nitrates. I n
the case of catalysts conprising not only a netal of transition group VII

of the Periodic Table of the Elenents but also further netals as active
metal on the shpakdlysts?2 Gsddhecdttingho thelprsemtrinvetion carbe pregired indosrialyrbybe
appl i ed simnul taneously or in succession., The supports_which have been
coated or i npranglyingat kasthoneh metpbtod traggition L&rup VEh °§r‘g‘3 dedodic T?{%Ffeﬂfag%ei ed,

preferably at £rom. 100} e Q [err é%fl I | i s from
200[err]Cto élemé%%é‘#’r‘fgsgﬁé’eaf ge?‘gb je/n%aet%lfo ?or&%n % ?ll'rlq g&(gﬁg&%ﬁ%ﬁ;@c I n
the case of sepd@ifahd FRARANRAS & QidGblelshigord catal yst is dried and if desired
cal cined, as described above, after each inpregnation step. The order

in which the active conponents are applied can be selected w thout
restriction rpe application can be achieved by impregnating the support with aqueous metal salt

solutions such as aqueous ruthenium salt solutions, by spraying appropriate metal salt
solutions onto the support or by other suitable methods. Suitable metal salts of transition
groups 1, VII and VIII of the Periodic Table of the Elements are the nitrates, nitrosyl
nitrates, halides, carbonates, carboxylates, acetylacetonates, chloro complexes, nitrito
15 complexes or amine complexes of the corresponding metals, preference being given to

the nitrates and nitrosyl nitrates.

In the case of catalysts comprising not only a metal of transition group VIII of the
Periodic Table of the Elements but also further metals as active metal on the support,

20 the metal salts or metal salt solutions can be apf)lied simultaneously or in succession.

The supports which have been coated or impregnated with the metal salt solution are are
then dried, preferably at from 100°C to 150°C, and if desired calcined at from 200°C to
600°C, preferably at from 350°C to 450°C. In the case of separate impregnations, the
25 catalyst is dried and if desired calcined, as described above, after each impregnation
step. The order in which the active components are applied can be selected without

restriction.



-10- - - «The coated, dried and if desired cal ci ned supports are
subsequently activated by treatnent in a gas streamconprising free
hydr ogen-<at from about 30[err]C to about 600[err]C, preferably from
about 150[err]C to about 450[err]C. The gas stream preferably conprises
from 50 to 100% by volume of Herr] and fromO to 50% by vol une of N2.
The metal salt solution(s) are applied to the support or supports in such
an anount that the total active netal pontent, in each case based on
the total weight of the catalyst, is- Trom about 0.01 to about 30% by
wei ght, preferably from about 0.01 to about 5% by wei ght, nore
preferably fromabout 0.01 to about 1% by weight, in particular from 10

about 0.05 to .about 1% wei ot T t i t he
catalyst is preferEd %Sn‘i’:gggﬁlesﬁ%faltcgggb%géﬁoﬁ ﬁbsﬁ?ﬁgrr;?/cgc@?tggt | yst,
mor e pr ef erabl &eahh&mi@ggag stieafl 2oinPriaiofte Bydedgen af fretm absut parC tocaboar 600POM
about 0.05 to about 3 /g. The netal surface area is determ ned by neans

of the 15 chenpreferablyi foomaboutdd0€eto @bowsddotsy The gasekngim peeferably comprises from
"Characterization ) t erggenous y yFranci s Del anney,
Mar cel Dekker,"ﬁﬁ?v?z%&%‘rw Vfﬁ’a":Otﬁ%.ang%ongﬂf’?{%ywjlﬁgéﬂﬁ% the catal yst used

according tosthe present invention, the ratio of the surface areas of 20
the active netal/nmetals and the catal yst support is preferably less than
about 0. 05, t hEhe metal sitesolution(s) arb eppligd &b Setsuppogo@supports in sugheinamyat that

material s which can be used.for prepahin Lo to
the present in&?@ ﬁ?t&&?tlﬁ? @egaﬂjg%rgerﬁﬁpceﬁc%;ige h&gﬁ; §§§?éot§§aﬁ gvﬁ@ﬁgggﬁ;cg{ aggspor e
diameter 25 ofotabb@ant APt 5% b wagief seRRibly fibm!abawt0.ebavibob0Srby i n
particul ar at |east about 500 nm and a BET surface area of at st

about 30 nf er rivtight, prozé prefesally fommekaut ute absuind%rby) weight, in pagicglar from
preferably ) ut 10 .nferr , In particular at nost about 5
mMerr]/g, n%ﬁf%&?% athPtelf/réq’XlB'Ieigﬁgt nost about 3 m[err]/g. Mre

preci sely, the mean pore dianeter of the support

The total metal surface area on the catalyst is preferably from about 0.01 to about 10
m?/g of catalyst, more preferably from about 0.05 to about 5 mz/g, in particular from
about 0.05 to about 3 mYg. The metal surface area is determined by means of the
chemisorption method described by J. LeMaitre et al. in "Characterization of
Heterogenous Catalysts”, eds. Francis Delanney, Marcel Dekker, New York 1984, pp.
310-324.

[y
(&5

In the catalyst used according to the present invention, the ratio of the surface areas of
20 the active metal/metals and the catalyst support is preferably less than about 0.0, the

lower limit being about 0.6005.

The support materials which can be used for preparing the catalysts used according to
the present invention are those which are macroporous and have a mean pore diameter
25 of at least about 50 nm, preferably at least about 100 nm, in particular at least about 500
nm, and a BET surface area of at most about 30 m?/g, preferably at most about 15 m’/g,
more preferably at most about 10 mz/g, in particular at most about 5 m?/ g, even more

preferably at most about 3 m?/g. More precisely, the mean pore diameter of the support



is-preferably fromabout 100 nmto about 200 [err]m nore preferably from

about 500 nm to about 50 [err]m The surface area of the support is
preferably fromabout 0.2 to about 15 Merr]/g. nore preferably from
about 0.5 to about 10 merr]/g, in particular fromabout 0.5 to about

5 nferr]/g, even nore preferably fromabout 0.5 to about 3 nferr]/g.
The surface area of the support is determ ned by the BET nethod by N err]

adsorption, in - particular in accorda_nI e with DIN 66131. The_mean pore
di ameter and the pore size di stribution are determ ned by Hg
porosinetry, in particular in accordance with DIN 66133. 10 The

pore size distribution of the support is preferably approxi mately bi nodal,
the- bi noda [ .+ Gl [ 0B [ | m
and about 20 [ S a0 T AL B0EAE (5 BbdE 00 2, R TReAEBl o Al 560 A

i nvention. 1 dbyiitt J0erm TR seffadeceal of tigi support i prefdalilp froin dbaw 01 tovabeuit fsace
area of 1.75 nferr]/g and this bi nodal pore, di ameter distribution. The

pore vol une of mi/gi woysyeferablydfrem gbott 0.5 1§ about 1057'ég, én agtigulambemn abogd.hig g.
Macr opor ous su aterial s whj _ ~far exanple, activated
carbon, 2 0 si %@g%m(:ng’r%‘f%%}osr%wﬁ%?%&’rznﬁ%??g%#%gﬁ?f(;:ogrrtlaéllgé%(i de, titanium

di oxi de, zirgoni um di oxi de, magnesi um oxi de, zinc oxide or m xtures of
two or nore of these, preference bei ven_t o using. al um num ox| de

lng . gl 1
and zi r coni um Gheosirfes area ofthe@amn@nyéﬁetzﬂ@ﬁﬂigbst the BEdyaethed by Na pdsqapiiasy ithed
in nore detail _j -A 19 19 2 t s e f I; are
fully incor por%?{g%l?%épe?f: %o(%%%é? é‘?@r@%é&gl' The BEL:?}SS’I@ QiR H P ol
-12- distribution are determined by Hg porosimetry, in particular in accordance with DIN

66133.

The pore size distribution of the support is preferably approximately bimodal, the
bimodal pore diameter distribution having maxima at about 600 nm and about 20 ¥m

representing a specific embodiment of the invention.

15 Further preference is given to a support having a surface area of 1.75 mz/g and this
bimodal pore diameter distribution. The pore volume of this preferred support is

preferably about 0.53 ml/g.

Macroporous support materials which can be used are, for example, activated carbon,
20 silicon carbide, aluminum oxide, silicon dioxide, titanium dioxide, zirconium dioxide,
magnesium oxide, zinc oxide or mixtures of two or more of these, preference being

given to using aluminum oxide and zirconium dioxide.

Catalyst 2 and its preparation are described in more detail in DE-A 196 24 484.6, the

25 relevant contents of which are fully incorporated herein by reference.



CATALYST -3 . The catal ysts 3 used according to the present invention
can be prepared industrially by applying an active netal of transition
group VIt1 of the Periodic Table of the Elenents, 5 preferably ruthenium
or palladium and, if desired, at |east one netal of transition group I
or VIl of the Periodic Table of the Elenents to a suitable support. The

application can be achi eved by inpregnating the support wth aqueous
metal salt solutions, such as rutheni_ym or palladiumsalt solutions, by
sprayi ng appropriate netal salt solutions onto t he support or by other

suitabl e methods. Suitable netal salts for preparing the netal 10 salt
solutions are the nitrates, nitrosyl nitrates, halides, carbonates,

car boxyl at es, CATAL?‘%‘P%W acetonates, chloro conplexes, nitrito conpl exes or
am ne conpl exes of e corresponding netals, preference being given to
the nitrates and nitrosyl nitrates. In the case of catalysts

i Si th ti et th t,, th t. 5 | t
o et ol " Sal e ThstcHaBeng wSa eSO e SRl CRAHLOL G pe R By 3R,
Th t ' ; i o bdi
e supports %b&[}’ﬁgﬁ\%‘“ grgéalgé}g#agg%ﬁ %ﬂog?'\ﬁ?ﬂ@?ﬁﬁq)eﬂbdlb ThhE of Bl lemathts

solution are ri from100[err]C to 15.0_[err]C, and
i f desired calméforblyatthériamo? §élladiun],@nd,of desired; @Dleast oheometat eff teamaitioy geaupf r om

by LT et ment | opr 3 ThpLAe Paroain CAO 6% PETERS A heuRUBSONEL AhS AlSRE R ¢ o
600 C, : s i
[err] e %5%8%{ gﬂﬁﬁ%{eg@hﬁgggg&s ?lgl?ln@ With 4006 fbl 3N sdiiidal hicaUdsar

from 100[ err] ream preferably conprises from
50 to 100% by ruthenitm® o@fpaltidéum kalbsviutfons byGptaying@ppropriato ngtabsalt solutiphs Nato 25

I th f | yi t h, ti tal .tq.t
Successi ve. © the BB 08D GHher SREDA BEOPE: PG T StlsoPT PRERERIOE REC ¢ 0
150[err] C and & Qaflohe e Fhe inﬂ?a‘aesatxﬁtros?fl nitf8%) 280dea! LarbodaResOQaBorYIERE, each

appl i cationnor 1 npregnation step. The ofder in which ~ the netal salt
sol utions are mplatachates, chiproegomplexkss aitritve complexdseor whnineocmplexssréfcthicon.
-13-

corresponding metals, preference being given to the nitrates and nitrosyl nitrates.

In the case of catalysts comprising more than one active metal on the support, the metal

15 salts or metal salt solutions can be applied simultaneously or in succession.

The supports which have been coated or impregnated with the metal salt solution are
then dried, preferably at from 100°C to 150°C, and if desired calcined at from 200°C to
600°C, preferably at from 350°C to 450°C. The coated supports are subsequently

20 activated by treatment in a gas stream comprising free hydrogen at from 30°C to 600°C,
preferably from 100°C to 450°C and in particular from 100°C to 300°C. The gas stream
preferably comprises from 50 to 100% by volume of Hz and from 0 to 50% by volume
of Na.

25 In the case of applying more than one active metal to the support and successive
application, the support may be dried at from 100°C to 150°C and if desired calcined at
from 200°C to 600°C after each application or impregnation step. The order in which

the metal salt solutions are applied or impregnated can be selected without restriction.



The metal- salt solution is applied to the support or supports in such an

anount that the active netal content, in each case based on the total
wei ght of the catalyst, is fromO0.01 to 30% by weight, preferably from
0.01.to 10% by weight, further preferred from0.01 5 to 5% by weight, in
particular from0.3 to 1 % by wei ght. The total netal surface area on
the catalyst is preferably from0.01 to 10 nferr]/g of cat al yst,
particularly preferably from about 0.05 tgyabout 5 nferr]/g, nor e
preferably from about 0.05 to about 3 nferr]/g. The netal surface area
was determ ned by neans of the 10 chem sorption nethod described by J.
LeMaitre et al. in "Characterization of Het er ogenous Cat al ysts", eds.
Franci s Del anney, Marcel Dekker. New York 1984, pp. 3 10- 324. In

the catal yst used according to the present invention, the ratio of the
surface areas THe riétalt dabt selutibre msppldateto dlot suppontret suppentsintsheh arasmbwys tthas thepor t
is |l ess than abqut O.ﬁ, pref,eraqgly Jﬂes than ahout 0. 1, in particular
about 0.05 or 3°H¥gmelahconfeah,dn egqhase hasedon e dotel Weigns g the catalyst, OIEL%)BOH
mat eri al s whi : . ertisd

according to tCt E(g@?azl\)fvgﬁ% %ﬁgﬁg%bl%g‘gg%ggiﬁgﬁgynvggg%or es. bgégé&?édsﬁ#ﬁg%l
supports whishoSénbibweiglsient pacticoladfrom &t btot Ik tyrweeghti on have a pore

di stribution such that fromabout 5 to about 50% preferably from about
10 to about 45% nore preferably fromabout 10 to 30% in particular

from15 to 25%he0{oba& %@%@fay@w%n%@ catalysIRCHRRONAS BAVD Y 18 ROR&e of

di ameter of from about 50 nmto about 10,000 nm and frzom 25 about 50 to
about 95% pr efatiyal ipyrticularty plefasblp Fommbabiolds aDskound ms/gpmetepraferably from
about 70 to aboqut % 1n part4,cyl.ar fromabout 75 to about.85% of .{he
pore volume @ O‘étr(gg%&%? é@h&\%}ﬁg‘n%mp%ﬁr@c%lﬁrﬁﬁé’faéfie@fm’fl? W é‘b%ﬂf 05&1"’0
about 50 nfo tAEmRPBL BBod deshftel ¥PIMBMARE NG A00R YONAAGEAASR- of

Heterogenous Catalysts", eds. Francis Delanney, Marcel Dekker, New York 1984, pp.

310-324.

In the catalyst used according to the present invention, the ratio of the surface areas of
15 the at least one active metal and the catalyst support is less than about 0.3, preferably
less than about 0.1, in particular about 0.05 or less, the lower limit being about 0.0005.

The support materials which can be used for the preparation of the catalysts used
according to the invention have macropores and mesopores.
20
The supports which can be used accérding to the invention have a pore distribution such
that from about 5 to about 50%, preferably from_ about 10 to about 45%, more
preferably from about 10 to 30%, in particular from 15 to 25%, of the pore volume are
macropores having a pore diameter of from about 50 nm to about 10,000 nm and from
25 about 50 to about 95%, preferably from about 55 to about 90%, more preferably from
about 70 to about 90%, in particular from about 75 to about 85%, of the pore volume
are mesopores having a pore diameter of from about 2 to about 50 nm, the sum of the

pore volumes being 100% in each case.



The total pore volune of the support used according to the invention is -
from about 0.05 to about 1.5 cnferr]/g, preferably fromabout 0.1 to
about 1.2 cnfjerr]/g and in particul ar about 0.3 to about 1.0 cnferr]/qg.
The nean pore di aneter of the support used according to the 5 invention is
about 5 to about 20 nm preferably about 8 to about 15 nmand in
particuilar fromabout 9 to about 12 nm The surface area of the
support is preferably fromabout 50 to abeut 500 nferr]/g of the..

support, nore preferably fromabout 200 to about 350 mJ[err]/g, in
particular fromabout 10 200 to about 250 nferr]/g. The surface area
of the support is determ ned by the BET nmethod by N2 adsorption, in
particular in accordance with DIN 66131. The nean pore dianeter and the

pore size di stribution are determ ned por osi netry, Fartl %ul ar
i n accor dance Thettptalpoxe Yejume pEthe support used achrdmg tg theaysyign b%@%ml? Huse

i7" ot Stri bur SRoBar AL piyEh Bk ool G ALMPL2 chlig and 1n BRI 108 POT €

OVG prererence 1s glv tivated

carbon, silicaqns eoaaﬂvuden @ﬂﬂégnmwm@mpdm dxambuecoﬁthdlsopgodteuseduatmdmgn@mmx| de,
zi rconi um 20 di oxi de, magnesi um oxi de. zinc oxid s, of two, or

ture

more of these,invegtemisrabout 5 tpabgus 28 pe PYSET3REY @W&gtotabou%f% a4, RITHAPA de
and zirconium i d alyst 3 and its preparation are descri bed
in nore detail Q%Xlﬂé‘?%ml@’@ul&ﬁg the rel evant contents of which are
fully incorporated herein by refer ence CATALYST 4 The
catal ysts 4 used according to the present vent an p. ay,ed
i ndustrial |y bhe surface area of the suppozinis|Pyefs ?F@ éf O %5§é9££°15f§05 g of sn
group VITI of stugpeoré,D Hhr® %'re?er-arﬁp P hbdul Sod-t BBt S50 m%g, in particular from about

10 200 to about 250 mz/g.

The surface area of the support is determined by the BET method by N adsorption, in
particular in accordance with DIN 66131. The mean pore diameter and the pore size
distribution are determined by Hg porosimetry, in particular in accordance with DIN

15 66133,

It is in principle possible to use any support material known in catalyst preparation, ie.
having the pore size distribution defined above, but preference is given to activated
carbon, silicon carbide, aluminum oxide, silicon dioxide, titanium dioxide, zirconium
20 dioxide, magnesium oxide, zinc oxide or mixtures of two or more of these, further

preference being given to using aluminum oxide and zirconium dioxide.

Catalyst 3 and its preparation are described in more detail in DE-A 196 24 4854, the
relevant contents of which are fully incorporated herein by reference.

25
CATALYST 4

The catalysts 4 used according to the present invention can be prepared industrially by



and, if. desired, at |east one netal of transition group | or VIl of the
Peri odic Table of the El enents to a suitable support. The application
can be achi eved by inpregnating the support with aqueous netal salt
solutions, such as rutheniumsalt solutions, by spraying 5 appropriate
nmetal salt solutions onto the support or by other suitabl e nethods.

Sui tabl e rut henium salts for preparing the rutheniumsalt solutions and
al so netal salts of transition groups#. VIl and VIII of the.Periodic
Tabl e of the Elements are the nitrates, nitrosyl nitrates, halides,

car bonat es, carboxyl ates, acetyl acetonates, chloro conpl exes, nitrito

conpl exes or am ne conpl exes of the correspondi ng netals, preference being
10 -given tO tapgiyigtanaicete Ml bf feiitish grivprAlIa the Periodid Tabldef theEtenmhis
catal ysts conprisSing nore than one netal on the_support, the netal Its
or metal salt asdlifidésibed %E%tmeéﬁﬁﬂpmmﬁﬁ%%@{lgﬁ;ﬂfé‘?@RWO%J@B@&%.

15 The support,s _whi.ch have.been d._or. r t j 4 jum
salt sol ution “emerly %ts‘él?abiea %pp@gﬁ}fei %’%ﬁlgr&esﬂt erri:Jg r@ﬁgﬁd tg'r{g}tﬁg?%% 'lgylfae from
100[err] C to lafpsf witaqBs mbtaP@fisbR€lons, suchak edthetlurasalt sodixions Hyespralyimgt o
600C. The ‘coated Supports are subsequentlg activated by treatnment in

a gas streard cpmophste metal s@it soluiéons paiodhe AupRRertioF S¥noBe] &Hieple mghelsoPutabiec,
f bly f 150 to 450 Co T : ;
onpr | aes. 1 1 o REEEH ISob PR e a4 sSER nd, B bt Ble ot

of N2. | tfan§i8bn g{&ugs 1. hal asd Ve oMt Perigdic Tablesf tHe@lergemsipre\the hitrafes,t he
Periodic Table of thé 25 El ements but also metals of transition grpgég | or

Vi1 are appl i ettrosy! nitrates,iafides: carhonates, engbaxiates caretylag@onigs SRIOTOAMMEEYr | ed

at from 100[err.]. ta 1 50[err a i.f i L C] a r
200[err]C to %%‘f%??rj’ﬁe’éqstoérmgﬁ‘lc §°‘8§1g¥?sc%fﬂ§§ ﬁ&gér;p @p%%%%{sf rnefesf%rclac%.b%%e
order in WRigChyiven to iHaGiHREAndSRtdsylSRikatts ons are applied or inpregnated can
be sel ected without restriction.

- 16- The netal salt solution is applied to the support or supports

In such an amy tte éagg E)f ct:atclﬁysts comprising more than one metal on the support, the metal salts

or metal salt solutions can be applied simultaneously or in succession.

15 The supports which have been coated or impregnated with the ruthenium salt solution
or metal salt solution are then dried, preferably at from 100°C to 150°C, and if desired
calcined at from 200°C to 600°C.

The coated supports are subsequently activated by treatment in a gas stream comprising
20 free hydrogen at from 30°C to 600°C, preferably from 150°C to 450°C. The gas stream
preferably comprises from 50 to 100% by volume of Hz and from 0 to 50% by volume

of Na.

If not only the active metal of transition group VIII of the Periodic Table of the
25 Elements but also metals of transition group I or VII are applied to the support in
succession, the support may be dried at from 100°C to 150°C and if desired calcined at
from 200°C to 600°C after each application or impregnation step. The order in which

the metal salt solutions are applied or impregnated can be selected without restriction.



active nmetal content, in each case based on the total weight of the
catalyst, is fromO. 01 to 30% by weight, preferably from0.2 to 15% by
wei ght, particularly preferably about 5 0.5% by wei ght The tot al
netal' surface area on the catalyst is preferably fromO0.01 to 10 nferr]/g
of catal yst nore preferably fromO0.05 to 5 nferr]/g, in particular
from0.05 to 3 nferr] /g. 10 The support materials which can be used for
preparing the catalysts used according ta4g- the present invention are
preferably those which are nacroporous and have a nmean pore di anet er
of at least about 0.1 [err]m preferably at |east about 0.5 [err]m and a
surface area of at nost 15 m[err]/g, preferably at nost 10 m[err]/qg,
parti cularly preferably at nost 5 nferr]/g, in particul ar at nost 3
mMerr]/g. The nmean pore di ameter of the support isr?r_eferably fromO.1 15
to 200 [err]mThegsalsalt spiution fsrappiiesl 13 theosupport @k FIPRQILSTIRSuch 41F daeung thag thsf ¢ he
support is pr f. ] y ram 0.5
to 10 nerr ] gouy ekl sonten 45 Ofhiae folld o b ST B RhEL S BRI O
0.5 to 3 nferrtp/30% by weight, plefersbly framed. 2t 85% foy tvieiphs, Hapidutarly prefedably ibo@d by
the BET nmethod by N2 adsorption, in 20 particular in accordance with DIN
66131. The medh 8 &ebhmet er and t he pore size distribution are
determ ned by Hg porosinetry, in particular in accordance with DN

66133. The pore size distribution of the support nmay preferably be

appr oxi mat el y The totabintend afurfageherel ionoitialcatabysieisdprafembiy froins0.01 hatlioom’/paoti ng
maxi ma at about 0.6 [err]m and about, 20 [e[rL*_m representiyng a specific
enbodi ment of 8RS, MPERIEisHRbIYom 0.051e,p 1y (Guinrartsuisr EPREY P3S Bi'&en to a
support having a surface area of about 1.75 mJ[err]/g and t hi s bi nodal
pore dianeter distribution. The pore volune of this preferred support is
preferabl y 1@bdie sOpfwdt mkitbdals which can be used for preparing the catalysts used according to

-17 - Macr opor ous, support nmaterials which can be used are, for

exanpl e, act i Vet BEseabinkeion are preferaplydhose shihcrse MAFTQRITANTANGMAYR2 SRR PRIgN
di oxi de, titangup:di e ey a5t 69 W#’Bg%r%l&%ke aboul BSN6 | M VAR ardal JEC
oxide or m xtures of two or nbré o ese; preferencé b€ing

. at most 15 mZ/g, preferably at most 10 m%/g, particularly preferably at most 5 m%g, in

particular at most 3 m%/g. The mean pore diameter of the support is preferably from 0.1

[
w

to 200 Bm, in particular from 0.5 to 50 Mm. The surface area of the support is preferably
from 0.2 to 15 m*/g, more preferably from 0.5 to 10 m’/g, in particular from 0.5 to 5
m?/g, especially from 0.5 to 3 m*/g.

The surface area of the support is determined by the BET method by N2 adsorption, in
20 particular in accordance with DIN 66131. The mean pore diameter and the pore size
distribution are determined by Hg i)orosimetry, in particular in accordance with DIN
66133. The pore size distribution of the support may preferably be approximately
bimodal, the bimodal pore diameter distribution having maxima at about 0.6 Pm and
about 20 Mm representing a specific embodiment of the invention.
25
Particular preference is given to a support having a surface area of about 1.75 m%/g and
this bimodal pore diameter distribution. The pore volume of this preferred support is
preferably about 0.53 ml/g. '



5 given:to «using alum num oxi de and zirconi um di oxi de. Cat al yst 4 and
its preparation are described in nore detail in DE-A 196 04 791.9, the

rel evant -contents of which are fully incorporated herein by reference. 10
CATALYST 5 The catal yst 5 used according to the invention can be
prepared by sequentially heating in air and cooling down of a support
material in the formof a nmetal fabric or netal foil, fol | owed by
coating with the above-described active mgtal or a conbination of two or 15
nore thereof under reduced pressure, subsequent cutting and shapi ng of the
coat ed support material and finally processing to give a nonolithic
catal yst elenent. This catalyst and its preparation are described in
nore detail in EP-A-0 564 830 and US 4,686, 202, the rel evant contents

of which are fully incorporated, her n by .referenc The sent al
features of t AGACHNOFAS ALPROR Baterials Whichcah peuserhfe; Ee’fﬂ"&l%rar‘”é@ %ﬁ%‘&qr’l’rﬁnt s

w20 hereldn ahtanhe i ?%é%deb"sﬂ SA dioMB2hadh AGidk, 0GR dh DL

active netal s used a1 so applies here.
Particularly saigheshing oﬁmnnhesxﬁé omtxaﬂutesoofs:wppnrmomwfehasalIseferencmbexhgr m of

metal foils or metal fabrics ar stai.nl ess dsteel s, for exanple those
havi ng t he AatBeRi USREAFREUN oXids AN zsconimagw ©2.4610, 1.4765, 1.4847,
1.4301, etc. since they can be sur f ace- roughened by heat treatnment

before they are coated with active conmponents. To this end, the netallic
supports are gaalwe4iand ak lpre@bxaﬁasmareaiaﬁbrm:ed irl SdfeedetdilGnddEfAct 04 781.9,fthem 800
to 1000[err]C, for m1l to 20 hours, %'efergbl¥ for from1l to 10
hours, and théﬁ@\fé@h%t@@ﬂi of‘wlp;[cgl are fully incorporated herein by reference.

- 18- pretreatnent is crucial for the activity of the catalyst.
After this treatnment at el evated tenperature, the support is coated
wth the agpi GATANY®NENt. To this end, the support is coat ed

si mul t aneously or successively, batchwi se or continuously, with the active
conponents under a reduced pressure of from 10[err] to 10[err] nbar by

geggz . ,?fer ?Eg Th %&Q&ﬁ% ﬁs%& al:%'r&mg fPthe SXRERSEL A RPrERRINSATL ARG Rlating, OF
in air and coohng down of a support material in the form of a metal fabric or metal foil,
followed by coating with the above-described active metal or a combination of two or
15 more thereof under reduced pressure, subsequent cutting and shaping of the coated
support material and finally processing to give a monolithic catalyst element. This
catalyst and its preparation are described in more detail in EP-A-0 564 830 and US
4,686,202, the relevant contents of which are fully incorporated herein by reference. The
essential features of the preparation of this catalyst and its preferred embodiments will
20 herein only be discussed briefly. What was said regarding the active metals used for

catalysts 1 to 4 also applies here.

Particularly suitable examples of metallic support materials in the form of metal foils or
metal fabrics are stainless steels, for example those having the material numbers 1.4767,
25 1.4401, 2.4610, 1.4765, 1.4847, 1.4301, etc. since they can be surface-roughened by
heat treatment before they are coated with active components. To this end, the metallic
supports are heated in air at from 600 to 1100°C, preferably at from 800 to 1000°C, for
from 1 to 20 hours, preferably for from 1 to 10 hours, and then recooled. This



be.followed by heat treatnent under an inert gas or air in order to
activate the catal yst. The ai mof the preparation of catal yst |ayers
described here is to prepare highly unordered and defective

pol ycrystalline |layers or clusters. It is therefore nornmally not 10
necessary for the vacuum conditions to be particularly good. Furthernore,

alternate deposition of active conponents and structural pronoters
al l ows the active conponents to be prgduced in very finely crystalline
or cluster-like form Here, the catal yst can be built up

systematically, for exanple in a vapor deposition unit 15 containing a
plurality of different evaporation sources. Thus, for exanple, it is

possi bl e blefrsdtmbR i@ RRIcYI 3} B h&f‘vit‘(v%f%e SitalyRYARGAGIS HAUBMARPERIAIQD, an
adhesive layer*to the support. Active conponents and pronbters can be
prepared on t hiempomsiee,|theyspporhisaogbdiwith itheyactife componeritt By thistend) the support By

adm°tting a reactiyve s into the recipient ronoter.layers o X1 des
or ot her conpofRfrd é‘&ﬁ’?tﬁ@oﬁ?llﬁdﬁcséla‘?“?ﬁ By P‘H‘?}H@%ﬁ %t rcg’étEW@ﬁgy’cgﬁ'{’atgg ) _
carried out. 29?:%ponteﬁ?é%nh& h heducB®tohadroformradueti 8n1@T nithe vyahednysdf dmbric

or catalyst fol he active - omponents have such hi gh adhesi on that
they can be Sutvapshitipednigifor gxamplessetton beap veaporationmn el sputtdringcmitallys can

el ement s. 25 A very s | e nmonol i,ithic catalyst. is,obtai.ned.if e
catal yst fabriBe &1108’5% By %}‘E‘Ptr?aé‘??ntiugde’an "Qﬁta‘%%ﬁy%vnrofq% Qtivatr g ?ﬁ&sﬁnd
flat and corrugated fabric or foil is rolled up to forma cylindrical
monol i th having identical vertical channels. However, it is also possible
to shape aflje dasiofettie Siratarationi of ecatalyst dapetshilescibadahgrs tis rtat prepazg highihce
t he adhesi on of the . . .

- 19- cHparrisred apdygeffetive Polyemystallinn favrsifr gisters. It is thergfors Bopmafly fet
catalyst el egepl 3 o GRividiumhichditiYs td Be tp?iﬁicﬁlﬁﬂ@g%d.@dfﬁ’@nﬁ%r@,nﬁﬁme

are installed 1n a 'rr:eactor and charged wth e reaction liquid to be
react ed. deposition of active components and structural promoters allows the active components

to be produced in very finely crystalline or cluster-like form.

Here, the catalyst can be built up systematically, for example in a vapor deposition unit
15 containing a plurality of different evaporation sources. Thus, for example, it is possible
first to apply an oxide layer or, by reactive evaporation, an adhesive layer to the support.
Active components and promoters can be prepared on this base layer in a plurality of
alternate layers. By admitting a reactive gas into the recipient, promoter layers of oxides
or other compounds can be produced. Interim heat treatment can also be carried out.
20
Due to this method of productiori of the catalyst fabric or catalyst foils, the active
components have such high adhesion that they can be cut, shaped and processed to give

monolithic catalyst elements.

25 A very simple monolithic catalyst is obtained if the catalyst fabric or catalyst foil is
shaped by ring gear rolling and flat and corrugated fabric or foil is rolled up to form a
cylindrical monolith having identical vertical channels. However, it is also possible to

shape any desired static mixers from this catalyst material, since the adhesion of the



PROCESSH NG PROCEDURE In the process,of the invention, the

hydr ogenation is generally carried out at from about 20 to 120[err]C,
preferably fromabout 30 to 80[err]C, pressures enployed being usually from
10 about 1 to about 20 bar, preferably fromabout 2 to 10 bar. The
hydr ogenati on can be carried out with pure hydrogen or a

hydr ogen- cont ai ni ng gas. To achieve a very high selectivity of
generally > 90% preferably > 95% the 151?ydrogenation is usually allowed
to proceed until a conversion of about 50 To 70%i s reached.

Preferred ant hraqui none conpounds used according to the invention are 2-

al kyl ant hr aqui nones, such as 2-ethyl-, 2-tert-butyl, 2-anyl-, 2-nethyl-
2-butyl-, 2- 20, utyl -, 2-sec-anyl ant hraqui none, and
polyalkylanthraq ﬁﬁ 8H¥5g§8%mﬁﬂﬁggs 1, 3-di et hyl ant hr aqui none,

2, 3-di met hyl ant hraqui none, 1, 4-di net hyl ant hr aqui none,

2, 7-°di met hyl ant hr aqui_none, and t he corre;gondlng tetrahydroanthraqU|none

_conpounds_ Amolithie eafalyst elemRenisyProgic %’@’fséﬁ"?v m the $0rMhof mBted €lemeRtsown

in the prior a%r&xr%?angdﬁag i 2h@Lh %ﬁﬂéﬁb dtob%?éa? f:3hydroqui none

conmpounds may Dbe use et erence glven TreS BFW0" or nor e

sol vent conp®nents since such solvent m xtures pI’OVI de an opti num bal ance

for the dif erent solubility characteristics of anthraqui none and
AEESSING PROCEDURE

ant hr ahydr oqui
- 20- conmpounds. Exanpl es include m xtures of nethyl napht hal ene and
nonyl al cohol nmet hyl napht hal ene and tetrabutyl urea, polyalkyl ated
benzene and al Inythoprosgabh af e ibvention, therhytiivgbmatiph isgeneraly cdrgied alituit ot #bautuind
al kyl phosphat es,
Y1 pPhosp 20 to 120°C, preferably from about 30 to 80°C, pressures employed being usually from

10 about ! to about 20 bar, preferably from about 2 to 10 bar.
The hydrogenation can be carried out with pure hydrogen or a hydrogen-containing gas.

To achieve a very high selectivity of generally > 90%, preferably > 95%, the
15 hydrogenation is usually allowed to proceed until a conversion of about 50 to 70% is

reached.

Preferred anthraquinone compounds used according to the invention are 2-
alkylanthraquinones, such as 2-ethyl-, 2-tert-butyl, 2-amyl-, 2-methyl-, 2-butyl-, 2-
20 isopropyl-, 2-sec-butyl-, 2-sec-amylanthraquinone, and polyalkylanthraquinones, such
as 1,3-diethylanthraquinone, 2,3-dimethylanthraquinone, 1,4-diﬁ1ethylanﬂ1raquinone,
2,7-dimethylanthraquinone, and the corresponding tetrahydroanthraquinone compounds

and mixtures of two or more thereof.

25 Any solvent known in the prior art as a solvent for anthraquinone or
anthrahydroquinone compounds may be used. Preference is given to mixtures of two or
more solvent components since such solvent mixtures provide an optimum balance for

the different solubility characteristics of anthraquinone and anthrahydroquinone



5 Nor are-there any restrictions on the reactors which can be used in the
process of the invention so that all reactors known fromthe prior art
and suitable for hydrogenations may be used. The present

i nvention further provides a process for preparing hydrogen peroxide by the
10 ant hr aqui none process, which conprises the follow ng steps (1) and (2):
(1) hydrogenating an ant hraqui none conpound or a m xture of two or nore

t her eof by . a process as defined ove to obtain an o

ant hr ahydr oqui none compound or ‘'a - “fiixture of two or nore thereof,
and (2) reacting the anthraqui none conpound or the m xture of two or
nore thereof with 1 5 an oxygen-containing gas to give a mxture

mxture of two SRPEE BRisilef Ml mingyres of @RI R RIRE MRaBl | )°

conduct ed cont infetgliabhthalemy endotepaRitjlitel, polyalleited Berodsd xna\na&?' 1ph6§phates kg Of
t he "ant hr aqui none cog&ound obt ai neéﬁi n s{)e}pl) I?}%it to step 20 ( )Ij,h tgpf?g

ant hr aqui none &Hybapktheleney tetiebtylarea yndalidphosphaiesal of t he hydr ogen

per oxi de formed as a constituent of a working solution. In a
further enbodi ment of the process of the invention, the hydrogen peroxide
is extrast ddr R thert Why hetrictib@Por the reditd? whlthagh ®e WSedit tha rdRis of the
preference being given to 2 5 using pure water. As regards gener al
procedur es f or Inyewtptceithy allireaciors knewjufrawribe prercassandewitphle §omizydragenations
steps (1) to (ﬁ%yggg%ﬁ, reference is made to the prior art nmentioned at the
begi nni ng. ) -21 -

The exanples which followillustrate the invention.

The present invention further provides a process for preparing hydrogen peroxide by the
10 anthraquinone process, which comprises the following steps (1) and (2):
(1) hydrogenating an anthraquinone compound or a mixture of two or more thereof by
a process as defined above to obtain an anthrahydroquinone compound or a
mixture of two or more thereof; and
(2) reacting the anthraquinone compound or the mixture of two or more thereof with
15 an oxygen-containing gas to give a mixture comprising hydrogen peroxide and the

anthraquinone compound or the mixture of two or more thereof,

The steps (1) and (2) are preferably conducted continuously, more preferably
continuously with recycling of the anthraquinone compound obtained in step (2) to step
20 (1), the anthraquinone compound being recycled after removal of the hydrogen peroxide

formed as a constituent of a working solution.

In a further embodiment of the process of the invention, the hydrogen peroxide is
extracted in a further step (3) using an aqueous extractant, preference being given to

25 using pure water.

As regards general procedures for conducting the anthraquinone process comprising the

steps (1) to (3) above, reference is made to the prior art mentioned at the beginning.



EXAMPLES. 5 Example 1 A nmesh of .1 nmm nesh di aneter nade of

heat -treated Kanthal onto which a Pd | ayer havi ng a thickness of 5 nm

had been vapor-deposited was placed in a 3.5 1 autoclave. A 10 Conparative
Exanpl e i ndicated that this Pd-coated nmesh was not catalytically active. In
the first run, the autoclave was charged with 2 | of a 13% strength

sol ution of 2- et hyl ant hraqui none in a 70:30 m xture of Shellsol[err]
and tetrabutylurea. together with 200 of rutheniumnitrosyl. nitrate.
15 The batch was then hydrogenated at- a hydrogen pressure of 10 bar for 60
m nutes. The reaction effluent contained no ruthenium

2- Et hyl ant hr aqui none was converted to 2- et hyl ant hr ahydr oqui none at a
selectivity of 100% (conversion: 72% . In the second run, 2 1 of this

solution were converted with hydrogen over the nesh catal yst w thout added
rutheni umin tfig samBleSWhieR folloWillustratdthe iveatdn. on ef f 1 uent cont ai ned no

traces of ruthenium ™ 75% of the 2- et hyl ant hr aqui none were converted
(selectivity: 1009 . Exanple 2 25 A stainless steel fabric
(material nu AXZ’?\%) was heated in air at 900[err]Cfor 5 hin a
nmuf f I e furnace: ric thus obtained was ring gear rolled and the
corrugated pj ece of fabric was then rolled up with a flat piece of
fabric. The nmonolith thus obtai ned was

-22- prExampid & fitted into a continuous 0.3 1 hydrogenation reactor.

2 g of rutheniumnitrosyl nitrate were dissolved in 500 mMl of a 70:30
Shel | -

A mesh of 1 mm mesh diameter made of heat-treated Kanthal onto which a Pd layer
having a thickness of 5 nm had been vapor-deposited was placed in a 3.5 | autoclave. A
10 Comparative Example indicated that this Pd-coated mesh was not catalytically active. In
the first run, the autoclave was charged with 2 1 of a 13% strength solution of 2-
ethylanthraquinone in a 70:30 mixture of Shellsol® and tetrabutylurea together with

.200 mg of ruthenium nitrosy! nitrate.

15 The batch was then hydrogenated at a hydrogen pressure of 10 bar for 60 minutes. The
reaction effluent contained no ruthenium. 2-Ethylanthraquinone was converted to 2-
ethylanthrahydroquinone at a selectivity of 100% (conversion: 72%). In the second run,
2 1 of this solution were converted with hydrogen over the mesh catalyst without added
ruthenium in the same manner.

20
The reaction effluent contained no traces of ruthenium. 75% of the 2-

ethylanthraquinone were converted (selectivity: 100%).

Example 2

25
A stainless steel fabric (materiai number 1.4767) was heated in air at 900°C for Shina
muffle furnace. The fabric thus obtained was ring gear rolled and the corrugated piece

of fabric was then rolled up with a flat piece of fabric. The monolith thus obtained was



sol,/tetrabutylurea m xture. This solution was continuously netered into the
reactor in 5 an anmount of 60 m/h at a hydrogen pressure of 10 bar and at

100[err]C. The reaction ef fl uent obtai ned was col orl ess and cont ai ned
no ruthenium After addition of the . rutheniumcontaining solution was
conplete, the working solution (13% of 2- et hyl ant hraqui none in a 70: 30
m xture of Shellsol[err]/tetrabutylurea) was continuously netered into
the reactor in an amount of 300 m/h at azhydrogen pressure of 10 bar and
10 at 40[err] C wi thout additon of ruthenium The conversion was 62 %
and the selectivity was 100% based on 2- et hyl ant hr ahydr oqui none, as
determ ned by gas chromat ography.

- 23-, precisely fitted into a continuous 0.3 1 hydrogenation reactdfé cl ai m 5 1. A

process for hydrogenating an ant hraqui none conmpound or a m xture of two or
nore t hereof by contacting the anthraqui none conmpound or the m xture of two
or - CataleY hrel r2@d ne
conmpound or a P%%QILJ]U@[ hir&é) ‘(%f %r\% %Ezre 815§ebl?{riﬂe£hegpo %m%pzﬁ&?gn@r ?Isléelfs)

using a catal ml@@&wwlateﬁgmahnelmns solutien Sas ommamq@ﬁaemdsnto dreaoat inf  at
| east one netal of transition group VIII of e r|od|c Tabl e of

the El enent $ dapueoungef éOcmlél o a hixdregamepresiiicnofat0 b%!ﬁlfi 3645 °C. The reactigpt g
of transition %ﬁl?ﬁ%?fétagl_ed %%% aﬁ@ él%d%bllu %m{h&gl b SofOfhe @

support in sit rogenating an anthraqui none

conmpound or a rﬁihéﬁlufnecoﬁfanhﬁ%: selution was com@lbte? méeweldtfngbyolm E(o‘:?n%ngf the
ant hr aqui none corrpound or the mxture of two thereof with

a catal yst to eylanthraquincaatin raamid} msh?gﬁ%‘@ﬁﬁmib&?yh&ea) was contmygusly r e

of two or nore_ there Y S
active netal, ?terleggg? ﬂgﬁgacﬁcggxgpn"g@oﬁrﬁ%ﬁ ?%Ir}%%g%&bﬁﬁtpf&&gpto t% Bel’alngdl c
Tabl e of th@ ?atQ0°Cw1tfé1EH&ﬁioﬁ,ofﬂiﬂ§HﬂﬁmQr together with at | east one netal of
transition group I or VII of the Periodic Table of the El enents,

applied to a support, the support having a nean
The conversion was 62 % and the selectivity was 100%, based on 2-

ethylanthrahydroquinone, as determined by gas chromatography.



pore dianeter of at |east 50 nmand a BET .surface area of at nost 30
nerr]/g and the anount of active netal being from0.01 to 30% by
wei ght, based on the total wei ght of the catal yst. 25 3. A
process for ing an ant hraqui.none conpound or a m xture of two or

h
mor e thereof by, gt “ﬁi‘nmmant hraqui none conpound or the mixture of two
or mermm W M catal yst to obtain an ant hrahydroqui none

conmpound or a ¢ Lni"tére of two or ppre thereof, which conprises
using a catal yst conprising, as 3 0 - active netal, at |east one netal of
transition group VIII" of the Periodic Table of the

El enents, alone or together with at | east one netal of transition group

or VIl of the Periodic Table of the Elenents, in an amount of from
0.01 to 30% by wei ght, based on the total weight of the catalyst,

applied to a support, from10 to 50%ofv3g . t he pore volune of the
support bei ng macropores having a pore ?gﬁlé'f'er of from 5 50 nm to
10,000 nm and from 50 to 90% of the pore volunme of the support being
nmesopores hadving a pore dianeter of from2 to 50 nm the sum of the pore
vol unes bei ng 110086process for Aydrogenpting & enthiaguingisr egmennd g2 mixtaret ¢ tWgnone

ant hr aqui none. conBAT AR Bresnp e e aprepan SErSthd B nf RIKAR or¥orell

ant hr aqui none con8 ereof with

a catalyst to obtgabf #BEredf Withad ¥athR§tUioNSHEn CoMaAkaRyddsquinone compoundToxbur e
of two or nore thereof, which conprises using a catal yst conprising, as

active metal, at midwet ofeo wetmwire Sferaof,awhith comprifes Upng/p|cptalyst ¢ompIisEIg 8di c

Tabl e of the enents, al one ar .t t .t e ; t al
of transi tiq&n gr ol§fSt PR ROTRgen US CqEpoUncy gpggsrti%g%ip\é&a%%t?&enso? ﬁlt” Oélggﬁlel@nts,
in an amount of f#eMefodd Thhle ItV IeRhE Meposited alone or bgster wih bhRadtanal
wei ght of the catalyst, applied to a support, the support having

a
mean pore di anet emewf ofitransitiont groun I [oar VI rof dhel Periqgiicr Table fofidee Blesienistome nost
15 nferr]/g. 5. ,A.process for hydrogenating an anthraqui none
conpound or a rﬁX?"tRP%“H’fsngv\o or 20 nore thereof by contacting the
ant hr aqui none conpound or the m xture of two or nore thereof with
a catal yst to obtain an anthrahydroqui none conpound or_a ) m xture
of two or ridr €.t hArmrodess fohihpdrogemating sreanthrsieigonescompotind Pya MIdURIH VPRI ¢

more thereof by contacting the anthraquinone compound or the mixture of two or
more thereof with a catalyst to obtain an anthrahydroquinone compound or a
mixture of two or more thereof, lwhich comprises using a catalyst comprising, as
active metal, at least one metal of transition group VIII of the Periodic Table of the
20 Elements, alone or together with at least one metal of transition group I or VI of
the Periodic Table of the Elements, applied to a support, the support having a mean
pore diameter of at least 50 nm and a BET surface area of at most 30 m?g and the
amount of active metal being from 0.01 to 30% by weight, based on the total
weight of the catalyst.
25
3. A process for hydrogenating an anthraquinone compound or a mixture of two or
more thereof by contacting the anthraquinone compound or the mixture of two or
more thereof with a catalyst to obtain an anthrahydroquinone compound or a
mixture of two or more thereof, which comprises using a catalyst comprising, as

30 active metal, at least one metal of transition group VIII of the Periodic Table of the

This Shegt Has Been Replaced
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supported catal yst obtainable by sequentially heating in air and cooling
down a support material in the formof a netal fabric or netal
foil, followed by coating 25 with an active cen%eﬁem"‘u’ﬁer reduced

pressure, subsequent cutting and shaping g\‘
material and finally processing to give a rmnolrthr C \! “ ﬁm“

catal yst, using, as active netal, at |east one netal ransifti én group

VIIl of the Periodi.c Tabl e of the El errentz;; al one or together with at |east
one net al 25
11111112F1 112121 11° 11 D10O1f Clainms as enclosed to | PER

W claim 10 1. A process for hydrogenating an ant hraqui none

conpound or a m Xglements)faldne®r @sgethier &ith at least one metahef aadsition growt hett VR@ft he
ant hr aqui none conpound or the m xture of , two or

with a catal yst ttbe BpredinTahle %@hﬁéﬂ%%mm&%%m%ﬁo 307 by eieht. of

at 1 cast one homdssebe dufipytiel Urif SRR oBRA1S aafort ot 13ty SOPRE! <1 1O

transition group {yé ?bre@oldn‘f@oﬁﬁé @b béiab ntic@poich Ba¥ihg apotesdiameter of from
deposited al one or together with at |east one netal of transition group |

or VIl of the 50 nm to 10,0} yo@nd ﬁ'ﬂ’&tﬁeem&p%t ofehepergyaivgcHt the UPBRR PENS n

si tu. ss for hy t Falely nd or
a mxture of two IBFSOR%‘;% e a porpc\? er eo %6)}9(32’5"&% ggtﬁg&ghe aﬁ%ﬁﬁr}ng&gnone
conpound or the mMollrHéschetio 1100%. or nore t hereof wi th a catal yst

and pure hydrogen or a hydrogen containing gas to obtain an

ant hr ahydr oqui none conpound or a mixture of two or nore thereof, which
conpri ses usr cat tye| €ast
one netal of tran‘él i %FB&‘BO aﬁuy%#n %ﬁl@&dﬁdn@%m%ﬁmg%ﬂ yg&f&&fdgluga&; t he
El enents, alone OmoleQR&ETRSy cohfabtindithé e@biaquinenersepouwnf ort thendktutecsf tgooup 25
| or VII of the Periodic Table of the Elenents, appljied,to a su r t he
support havi ng a more thereof Wﬂhe?aﬁa@bﬁtetodl?%taérmgffal&idrqq@g@f‘e S’Gmﬁg"leﬁln?f 4 BET

vetal being 1 rom BUBE P60 By el Srichomerics e o PO RpIAR, T

ase ont eto t he

catal yst. 30  acBve mbtaRaplRes %né métahoﬂfaﬁg&magmm;g\@m ofithi Wbﬁﬂ}ilc ﬁf@bie ofthepound
or a mxture of two or nore t her eof byﬁggpgtactrng th

ant hr aqui none conBlemsets.lonens tegesher with ¢ leagiong me rapERquagroup T or VII of
i5 the Periodic Table of the Elements, in an amount of from 0.01 to 30% by weight,

based on the total weight of the catalyst, applied to a support, the support having a

mean pore diameter of at least 0.1 Bm and a BET surface area of at most 15 m?/g.

5. A process for hydrogenating an anthraquinone compound or a mixture of two or

20 more thereof by contacting the anthraquinone compound or the mixture of two or
more thereof with a catalyst to obtain an anthrahydroquinone compound or a

mixture of two or more thereof, which comprises using as a catalyst a monolithic
supported catalyst obtainable by sequentially heating in air and cooling down a

support material in the form of a metal fabric or metal foil, followed by coating

25 with an active component under reduced pressure, subsequent cutting and shaping
of the coated support material and finally processing to give a monolithic
supported catalyst, using, as active metal, at least one metal of transition group

VIII of the Periodic Table of the Elements alone or together with at least one metal

This Sheet Has Been Replaced
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with a eatal yst and pure hydrogen or a, hydrogen containing gas to obtain an
ant hr ahydr oqui none conpound or a m xture of two or nore thereof, which
conpri ses using a catal yst conprising, as active—snetal—at least

one netal of transition group VIIl of the 35 Per i Qglisc T of the
El ements, alone or together with at | east one netal of t: | ”mi”pﬂﬂhﬂm
| or VII of the Periodic Table of the Elenents, in an anollfi; Of ol A
to 30% by wei ght, . based on the tgtal weight of the catalyst,
applied to a support, from10 to 50% of the pore

26 5 vol ume’ of the support being macropores having a pore

di aneter of from50 nmto 10, 000 nm and from 50 to 90% of the
pore vol une of thefgupRpRaigrdap Y VIESUROPLRdRT4bIGS theB)erBents.

di ameter of from2 to 50 nm the sum of the pore vol unes being 100%

4. A process for hydrogenating an ant hraqui none conpound or a m xture of
two or nore 10 e [ . t I: e or
the m xture of ot wé BPehe e RresthstaloRel biet By B ShAdRaRH-EaE Sl
hydrogen or a hydeegpiises thatfollawing stgms(1) andqR):ai n an

ant hr ahydr oqui none_conpound or a m xture of two or nore thereof, which
conprises ustng (1) hydrogenating gnanfhyaquinamg rdosipayid o5 agpixtwre ofelvgl or 04 east

one netal of transiti VIII._ of : ibodi ¢ Jabl e of the
El ements, al one or té%%?%?y% IJIg‘?ce!asf ﬁse‘g@fﬁegnnel T CISF&{ rla%sﬁtﬁooﬁb%po 15
| or VI of the Peri qgihfahjablginbhe doRothdsrRithikture 6f twd o AdkéHheebf;afidém 0. 01
to 30% by wei ght, based on the total weight of the catalyst

applied to a suppfPt reacting thepthraquinone AgmpouRd on the mixture of tweyef o heselr of

at least 0.1 [err]m an B gr(fn%grgn r f . 5 4 .

5. A process for hy%?%‘gg‘ﬁaq%}ﬁéan%ﬁ a tirgégt}?r%ﬁée aggl?r%%%enaomgfﬁsglén%%rgg%l of
two or nore @0 pkfoide aind e @fihiaaainbAY cdrisbuad toh e HHixtaReo OV UM r
the m xture of two or_ nore thereof with a catal yst and pure

hydr ogen or a hydrogdfr@nt ai ni ng gas to obtain an
ant hr ahydr oqui none conpound or a m xture of two or nore thereof, which

conpri ses using as a catalyst a nonolithic supported catal yst
obt ai nabl e by Bequeptbiadt ly chéaéd fgclaim 8] whasi the steps (1) andc@YlakdGarledvournr
support material in the formof a netal fabric or netal foil, followed by
25 coating gantipuenslyact i ve conponent under reduced pressure,
subsequent tting and shapi ng of the coated support nateri al
and finally processing to give a nonolithic supported catal yst,
using, as acti8e Agfrédess &iclhifRalin olain BirJ| which thiv@ies compiises tigfollving stdp t he
Peri odi c Tabl e of the El enments alone or together wth at | east
one netal of tran&tion group | or VII of the Periodic Table of

the Elements. 30

—_—_—

_—

This Sheet Has Been Replaced

T

Pt
=



6. A process for preparing hydrogen peroxide by the anthraqui none process,

whi ch conpri ses the followi ng steps (1) and (2): 1)
hydrogenating an anthraqui none conpound or a mxture of tvvo re thereof
by a- process as clainmed in one of cl a \gin an
ant hr ahydr oqui none conpound 35 or a mxtur m\\\\

t hereof; and u27

(2) react | ng the ant hraqui none conpound or_the m xture o t?/vo or ..nore
thereof with an oxygen- eont-dbni ng gas to give -a mxture
conpri sing hydrogen peroxide. and the ant hr aqui none conpound
or the mxture of two or nore thereof. . A process as clained in

5. A process a5 cli FEIRRE o BAERES, Do “ A PR Bydfggen
folfowng step (3): perog ide and thd Qmﬁgﬁlhéﬁ‘é b&ﬂp&uﬁ@ o?lﬁiier Hlﬂ&ﬁ}epcﬁ*% SembteP™

the an xture conpri si ydr ogen per oxi de and

ant hr aqui none conpouﬂttremfuﬁh@amaqutwsexuactanm or nore thereof using an
aqueous extractant. 15 9. A process as clained in any of
clainms 1 to 8, wherein a 2-al kyl ant hraqui none or a m xt ure of

two or more g her egip s UaeihiAsd MUY AULAO NS0 §OWRAHAY 2-alkylanthraquinone or a

mixture of two or more thereof is used as anthraquinone compound.
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