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an ant'hraqui none conpound in the 5 presence of a catalyst conprising, as
active netal, at |east one netal of transition group VIII of the Periodic
Tabl e of the Elements 10 The present invention relates to a process for

hydr ogenati ng an ant hraqui none conpound or a m xture of two er eof
by contacting the anthraqui none conpound or the m xture om\‘ﬂwu\w\
thereof with a catalyst conprising, as active netal. at nmet al of
transition group VIII of the Periodic Tabl e of the El enents angery” process
for preparing hydrogen peroxi de by the anthraqui none process conprising =

a hydrogenation step as defined above and the reaction ofmwuﬁlmmw,mmmmw none
conpound obtained in this step with an oxygen-cont ai ni ng lv all

of the hydr OWWLJ | dwi de is prepared by t heoeoooz+

ant hr aqui non = is based on the catalyrtic

hydr ogenati on of an ant hragut none conpound to give the correspondi ng

ant hr ahydr oqui none conpound foll owed by reacting the latter with oxygen to
gi ve hydrogen peroxi de and subsequently renpving the hydrogen peroxide
formed by extraction. The catal yst cycle is closed by rehydrogenation of
the 2 5 reformed anthrqurmnetimﬂbwumhrmnm¢omnmdtihdh@ are summari zed
in the schene bel ow 12 2t s /1 0O OHORR
/' \'\ O /°~ ] ~+ HO P\rese“fe? 3] aﬁsﬁcompfﬁfé“ r?tsﬂfécfdf‘ﬁté' e conpounds used
are typically dissolved i nagleAivondnfet®f of3PMBItRIN group VIII

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

=3 ahvdrogenation step as defined above and the reaction of the anthraquinone compound

obtained in this step with an oxygen-containing gas.

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

anthraquinone process.
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The process 1s 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 cartalyst cycle is closed by rehydrogenation of the

rO
o

reformed anthraquinone compound.

The basic reactions are summarized in the scheme below:



organi c solvents. The resulting solution is referred to as the worlg ﬁgAPR 2002
solutii'on. In the .. anthraqui none process, this working solution is usually
- passed through the above described process steps in a continuous nanner.
The ant hraqui none process is reviewed in Ul mann's Encycl opedi a of
I ndustrial Chemstry, 5th ed., vol. Al13, pp. 447-456. 1C A particularly
i nportant step of the anthraqui none process is the hydrogenation step, in
whi ch t he ant hraqui none conpound in the working solution is hydrogenated in
the presence of a catalyst to give the carrespondi ng ant hrahydroqui none
conpound. 15 Said catal ytic hydrogenati orf 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 exanple. This reference rel ates
to a process of the subject type using a fixed-bed reactor conprising a
catal yst bed having an 8pen structure. It is sugge&ted to use pall adi um on

a support, such as activated c@r bon, alum numgxide or sklica gel, as a
catal yst. 2 6 APR @ EP- A- 092102 93- anot her version of
t he ant hr aqui none prgce which | i kete uti | xed bed having a
structure containi ng spggi aral l el passages. jccording to this
reference, useful active netals the catal ysts described therein include
noble 5 nmetals, e.g. palladium platrswum rhodiumor mxtures thereof. US
which is carried out in

10 EP-A-0 778 085 ang~\WDONQ ¥4 degcribe t he~uss Rh, Pt or Ru as
active nmetals in a @@ i table for st he [ant| : one+ mrcess, where
conventi onal nmateri aksy ¢t s al03 or Si02, e xdas support materials

for the catal ysts descridaed. The prior art catalysts did not always neet
the requirenents for such catalysts, such as a i 5 high &activity together
with a high selectiviy. Furthernore, it was not always possible to achieve
sufficiently high space-tine yields. It is an object of the present
invention to provide novel processes for hydrogenating an ant hraqui none
conpound using catalysts previously not used for said hydrogenation. 20 W

have found thal ahiliRuRBhECbmbeuklNisey Geb q?&aﬁ?%iﬁm@@iiﬁnh’ixrgﬁé 8f BLVREESS
for hydrogenating an ant hraqui none conmpound or a m xture of two or nore

t her eof by corgamctsbhvgnts hEhareshitiagubooe i mipmdrid asrthe merlong solugomfIntthe or

more therepf with a catalyst Lo obfabn an anthighydrogul none corpound or a

described process steps in a continuous manner.

The anthraquinone process is reviewed in Ullmann's Encyclopedia of Industrial
Chemistry, Sth 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 anthrahydroquinone 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.



2 ~ thereof, which conprises using a catalyst (catalyst 1 ) conprisl GgABR 2002
| east- 'one honbgeneous conpound of at |east one netal of transition group
-VIll of the Periodic Table of the El enents al one or together with at | east
one netal of transition group | or VII of the Periodic Table of the
El ements, deposited on a support in situ. Z 6 APR 2C~Z -4 The present
i nvention further provides a process for hydrogenating an ant hraqui none
conpound as descri bed above, which conprises using a catalyst (catalyst 2)
conprising, as active netal, at |east one nmetal of transition group VIII of
the Periodic Table of the 5 Elenents, al ohe or together with at |-east one
nmetal of transition group | or VII of the Periodic Table of the Elenents,
applied to a support, the support having a nean pore dianeter of at |east
50 nmand a BET surface area of at nost 30 m;'g and the anpunt of active
metal being fromO0.01 to 30% by wei ght, based on the total weight of the
catalyst, andpfm [190 Rlcddeafibhaetisi afe BlinkhGndd iesgRhah 1ARdikhe
cat al yst support preferably 10 being < 0.05. The invention further provides
a process fonmhydmn@eﬂdmdmgwmgaammhmaqunmnmeccmmﬁhupdaﬁ@Imemgﬂedcabdmg,

whi ch conprls US| a ca st 3 ris as active nmeta

at |east one' %fef?fgm(er Hﬁg}ﬁy CBKE é}%gsp%/ ﬁc%?lvstt% ©5 dgtgi‘f“i?ml' %lltuge E’[?

El enents, & mali9ne. Miladiege 1fa§ﬁmw thBdidin dr@ASturdNBerbat al of transition group
| or VII of the Periodic Table of the El enents. in an amount of from 0.0l

to 30% by wei ght, based on the total weight of the catalyst, applied to a

support, fro 50% of.. the pore volunme of the su ort bei ng nmacr.opores
havi ng a por?% 4?1%? df)slm]f"?so?ﬁ %E)t P81 879669 \D% l}amsg afnfl%d =0 g%lsléeél% f the
pore vol ume ahd tiflezes 4 PR tadifiang pHBS&RRALESK Aoy tdiglya pore diameter of 2 0
from2 to 50 nm the sumof the pore volunes being 100% |n anot her

enbodi ment, the present invention provides a process forThydrogenating an
ant hr aqui nan C oppr i al yst
(Cataryst 9) Conart Sihs g IREh! 1937 Bt P el RRP AE RS S BRAT, 10
group VII1 ofin bheaRerduashle for tHabhtBraghinbhepliot@spnlicse vorivienddnal eagtiaknaichet al
of transitionm(‘z\d)Z up I or VII of the Periodic Table of the Elenents, in an
amount of fr @ eMIor SERETME BRI Matearis famhe caalyy deserites: 15% by wei ght |
based on the total weight of the catalyst, applied to a support, the

The prior art catalysts did not always meet the requirements for such catalysts, such as a

—
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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

N
($a]

thereof, which comprises using a catalyst (catalyst 1) comprising at least 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.



support having a nean pore dianmeter of at least 0.1 um preferably atAFeaémz
0. 5um and 2 6 APR 2C02 -5 a surface area of at nost 15 nR/g, preferably
-at nost 10 n2/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 supported catal yst obtai nabl e by
sequentially heating in air and cooling down a support material in the form
of a nmetal fabric or netal foil, followed by coating with an active
conponent under reduced pressure, subseq%ent cutting and shaping of the
coated support material and finally processing to dive a nonolithic
supported catal yst, using, as active netal, at |east one netal of

transition group VIIl of the Periodic Table of the i O Elements al one or
together with at | east one netal of transition group I or VIl of the
Periodic Table of the Elenents. Any netal of transition group VIII of the

Peri odi ¢ TabiTBe @festdieni@n@b® Mishet Providesd pdeéspl fer BRiroged:ids afhihvRuieha! -
Pl ati num rhodi um palladium cobalt, nickel or 15 rutheniumor a nixture

of two or m?@?@@ﬂ%ﬂeﬁﬂ@mf%ﬁﬁmhﬁm@e%@lw ¢%Vi*ré@6éal§t 2) anmsmgcul ar
th I ik t
rutheni um 55 ac%n rﬁe%} ?ne x'net% ? t?arg%%g ng {/ﬁl 8? ?ﬁ: g igg: (g etpe

transition group rence | ven

and/or rhegi Biameney altohe opttroemsmu@fan ldas dmreeﬁamltoﬂ tfat@iﬁlbh%ouﬁ hér VaErdrahe
"macropores” _and "mnicropores" are 2 Q0 used as defined in Pure Appl. Chem
45 ( 1976) pPermglic Eal?iféw theok lg@sripi anplipH e SWDSe (hei BRBRE MAYISE 4B BYF nm

(macr opores) E(grrgﬁ nt is
general ly frgfr%ﬁhgt)eggfh%.%mQO Z‘B%E{B 0 o%?/é)%?gﬁatm%}g ioafny ??%%8 (E))ﬁt
0.01 to aboutctbRonnyalweingtitom &6 pecl b by weighmbadeduwn the ﬂatatl&eagmuftha cﬁal&% by
wei ght, in each case basqugg the t taI wei g of the catal yst us§¥, t he
preferred coRReihedats of the Swice prpas tiletasn@ IB%‘P‘rPd’ds‘E%E?tFliYE‘aSI“PEPFF B 384 i n
the di scusgi BQnQE ddrese catal ysts.

The invention further provides a process for hydrogenating an anthraquinone compound
as defined above. which comprises using a catalyst (catalyst 3) comprising, as active

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

|‘J
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alone or together with at least one metal of transition group [ 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 VI of the Periodic

rD
w

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 Bm, preferably at least 0.5 ¥m, and



2 6 APR 2C02 -6 "Ant hraqui none conpound” enconpasses in principle alzlp APR 2002
ant hraqui none conpounds and t he correspondi ng tetrahydroant hraqui none

. conpounds suitable for use in the preparation of hydrogen peroxide. The
preferred conpounds which can be used are described briefly in the chapter
"Processing Procedure” below. 5 The catalysts 1 to 5 defined above w |

now be described in detail by way of exanple with reference to the use of
rut henium as active netal. The details given below al so apply to the other
active metals which can be used as defined herein. 10 CATALYST 1 The
process of the invention can be carried oOlt in the presence of a catalyst 1
conprising at |east one honbgeneous conpound of at |east one netal of
transition group VIIl of the Periodic Table of the El enents deposited on a
support in situ,.with aor 15 w.thout east o conpound of at | east one
net al of traﬁﬁ”ff?c&‘?redrogﬁbmpsecl)\fﬁ W/?%’ pB‘%Ierfahlé' aﬁ’@??@?i%ggfabl e of the Elenents.
To prepare the catal ysts, a honbgeneous netal conpound is co-fed into the
reactor during the reaction tqgether with the feed to be deposited on a
support presdme inventdrefurtbercroyideia pragess e hvémeenaping ap agthraquinong cemppudsi bl e

o i ntroduce . e NRTPIESOUS, IEL Al COIPOURE L W 0,408 LEABLOS) B Lot tert e

reaction to be deposit r rese eac

hydrogen t seatspontd cielyst dbeaiiblBs aguedtialln@eing SR Alr and\¢eslidgddbwn h Buppoku”
means that the catalyst is not 2 ~ prepared and dried separately and then
fed into themasiea oy thadomn peampeial detiiseordattall i+ follpwed by cewingi wigh e a¢tive
present | ”Ve'&é}ng&men& $nfg" %%ﬂﬁéd”p}eQ%:%e&%Ee%ﬁedt”HEﬁﬂgﬁ%ﬁé Y%nBRhE St B Gdflng
t he actual hydrogenati on. sta~ c~Z

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

10 Elements alone or together with at least one metal of transition group I or VII of the

Periodic Table of the Elements.

Any metal of transition group VIII 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 principle 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

[N
o

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.



For the purposes of the present invention, "honbgeneous conpound oﬂ g A%Regmn
of transition group VIII, | or VII of the Periodic Table of the El enents”
. or "honpogeneous rut heni um conpound” neans that the netal conpound used
according to the invention is soluble in the surrounding nedium ie. in the
ant hr aqui none conpound enpl oyed 5 which is yet to be hydrogenated or in a
m xture of these conpounds with at | east one solvent. Useful netal
conpounds are in particular nitrosyl nitrates and nitrates, but also
hal i des, carbonates, carboxyl ates, acetyl acetonates, chloro conpl exes,
nitrido conplexes and 1 G am ne conplexe?‘and al so oxi de hydrates or

m xtures thereof. Preference is given to rutheniumnitrosyl nitrate,

rut henium(111) chloride, rutheniun(lll) nitrate and rutheni um oxi de
hydrate. Although there are no,particular.restrictions, as to the anount of
the metal coniBGUINOnS cOapiRl EORRESEAIT PRRais;al FREraariates SOBPOTRE
invention, ignyieWcRfrespblidihs 1@hy&Bhdhatindsd k¥hpdurRSkuRENEeRS REGACHRY, the
netal salt or nmetal conplex is applied to the carrier in an anount
suf ficient toregeuei of hydwog® péroxide.3096 prefamsidgtempobadsewhish ¢anebe osedl arpei ght

of the catalyst,. of, activ tal ,an the rrier(s), Said anount is nore
preferably f\FIISSr?PBC.C{que Yl%@%egga%i SFﬁCFSS Cﬁoﬁiﬂuéer I%%loﬁr ef erabl y about 0.5% by
wei ght. 2 8 The supports present in the reactor are preferably netal

meshes, netal rings and steatite bodi es as described, anong others, m

EP- A-0 64 83be andlyEP-1A00 ddigedi3mve Td mswp pd desstiprsl ini dstdilaby yapoéfrgrapk y
used in the present invention and,their preparation, W l|.neverthel ess be
descri bed br POfi 5 BELBIT TS BT CIRUTAP BY 1 AT Red 1 grgikh B ety o
netal | i ¢ suppgsly 1ok ethePdSive Hieeds Wisich ba) I5d @bhesdined aekl. havi ng t he

mat eri al nunbers |.4767, 1.4401, 2.4610, 1.476a 1.4847, 1.4301, etc. since
t hey can be surface-roughened by heat treatment before they are coated wth
active .r A= ~~~ 8. conponents. Particular preference is given
to using k8n§é§$%¥éf%rial nunber 1.4767) or alum numcontaining netals as
mesh materials. Kanthal is an alloy containing about 75% by wei ght Fe,

about ?0% by weight Cr and about 5% by weight Al.. Heat treatnent is

ef fected by RBAtATPRYSY KE thetinyeniien aposr eaTied o8l BIBY Presanesi pf & c3talsvh 500 to
1100C, 5 pre : o) f f to 2 s
preferably f fgrg&?r?%%{ﬁ %t %eégtl@eﬁgog?%?n%o%gckgglgggﬁ 859 fts&]p?r glte%ggfﬁéar?ts 1Ulorsl

cruci al for ttmpadiliofittieyPerfodichabadfahy Elensnsciepodited on aisupprat Inysiturpdik o bl e
to deposit _rutheniumin situ on hF qetallic C rgiers.mﬁthou& t 'g p%gt
treat ment L5 APHBPUL 3 1€aST PreAOmPRING P! @ Wé?%%rr’ce@ﬁﬁ Fasifion Sov L onypbrt thf
coated with phe,futhen umcomons. To phobatd e kabhet B Rigsed.@Mhadi ment .
the carriers described above nay be coated by vapor deposition with a | ayer
of a pal | adi vomp®singlis cstfed iras thd reactPddudig thRTreaqipe fregestisr ywikd thehfzed ny ba

t hi ckness of ,from about 0.5 to about 10 nm .especially about 5 nm as is

| i kewi se desé?l?oﬁ%ﬁi’rha fWPQO%BE?\?%#‘FB??éW E]E?%’L efj‘é*ﬁ“%%o. As can be seen
fromthe exanples according to the invention, a particular catalyst used as
a support in the present invention is a nmesh of heat-treated Kanthal onto
whi ch a Pdd| &yieplshaessiye o inlpduen dlsshasmogehenis NEtH romRsuIsbistp thggercidapvsi t ed
to facilitat he _deposi tion_of act | l. |t .1 N vear | so
possible to gﬁgwésﬁggﬁﬁ?%ﬁaep%ﬁf%?ﬁé&ﬁéa%%égﬁégfgfégg?g?ﬁ?Hnggggyﬁp¥%$ed
carbon, sili gestmeat bi de, al um num oxi de, silicon dioxide, titanium di oxide,
zi rconi um di oxi de, magnesi um oxi de, zinc oxide or mxtures thereof, in each
case in the formof spheres, extrudates or rinds. Anong these, particular
preference i k\.e 1 i and.zjr j hQX]) T ore
si ze and the%ggpﬁ @f@???éﬁi@%ﬂﬁﬁgén@gﬁg gfe yﬂﬁkcﬁgﬁFggpghﬁt&#gy%JEEF%Ie to
use bi nodab sprppedtasd driedlssmrracly aod hieen feg petoahe 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.



support. The supports are preferably nacroporous. 2 6 A~ R 2cD2 290 APR 2002
Catalyst | and its preparation are described in nore detail in DE-A 196 22
. 705.4, the relevant contents of which are fully incorporated herein by
reference. CATALYST 2 5 The catal ysts 2 used according to the present
invention can be prepared industrially by applying at |east one netal of
transition group V IIl of the Periodic Table of the Elenents and, if
desired, at |east one nmetal of transition group | or VIl of the Periodic
Table of the Elements to a suitable suppo;t. 1 C The application can be
achi eved by inpregnating the support w th aqueous netal salt sol utions such
as aqueous rutheniumsalt solutions, by spraying appropriate netal salt
solutions onto the support or by other suitable nmethods. Suitable netal

salts of transition group Vil and VIl .of riodi | e _of the
Fenmnts ar ol phienRERsr B¢ proey o ofmiddfe SR CcNclipd M Ltal ‘ot

car boxyl at es yra@e@nydragetanateesii 6Nihe reric@iatabkas thElefieh8" or Shopgdpehentgs or
am ne conpl exes of the corresponding netals, preference being given to the
nitrates andryihenivsgpmpoundimesns that the neaiglecopiponrd uied eeordigae theiiagention onl y
a netal of trapsition.group VI.IL1 of. the. Periqdj (o) I n but
al so further “neta Ies lnatsh%aS v Alﬁ%t%dl&o% 'tehg{ ghgpdﬁlgl?gaﬁéoqjé {Ohrﬁep%%ggﬁjﬁoz}lﬁe? S or
met al sal t s s@hithiioRs ©aR Harcapideer Bi AHitaresuitsy cdmpolindsUeRIEasieaf.onkhe
supports whi ch have been coated or inpregnated with the netal salt solution
are are thenS@i¥eed, preferably at from|00C to 150C, and if desired
calcined at from 200C to 600C, preferably at from 350C to 450C. In the case
of separate inpregnations, the 2 5 catalyst is dried and if desired

cal ci ned, as Wdefarmefabebnaframes arafit eartiealahnitmopyl eraadsiand nittegs, bithsooiadiees,i n

whi ch the active conponents are applied can be sel ected, w thout

restriction. carbonates, carboxylates, acetylacetonates. chloro complexes, nitrido complexes and
. ' .

10 amine complexes and also oxide hydrates or mixtures thereof. Preference is given to

ruthenium nitrosy! nitrate, ruthenium(Ill) chloride. ruthenium(III) nitrate and ruthenium

oxide hydrate.

Although there are no particular restrictions as to the amount of the metal compound

applied to the carrier(s) in the process of the invention, in view of sufficient catalyst

'_..l
(@1

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.

29
The supports present in the reactor are 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.

25
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



' ~A~R2~~2 -~0 The coated, dried and if desired cal cined suppgrﬁ sAPg QEQ?.
subsequently activated by treatnent in a gas streamconprising free

. hydrogen at from about 30C to about 600C, preferably from about 150C to
about 450C. The gas stream preferably conprises from50 to 100% by vol une
of Hz and fromO to 50,'o by volunme of N2. 5 The netal salt solutions) are
applied to the support or supports in such an anount that the total active
nmetal content, in each case based on the total weight of the catalyst, is
fromabout 0.0l to about 30% by weight, pyeferably from about 0.0l 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 % by weight. The total netal
surface area on the catalyst is preferably fromabout 0.01 to about 10 nR/g
of , cat al vst, eper: y. . : t [ hcul ar
f rom about 0.C %@ﬁﬁgﬂgbgﬁlé\g&n}&r} gepén%ﬁgso %&%rgltoogsdlﬁéjgggﬂgqr(gg&%@ ggrtn lggmpﬁﬂé@l)by
nmeans of t heobalahenmnsosmpiinmg metlhas mdss oratdneld. Kyntial it edvhildy eonediniag abdun

"Characterisatjaon of t er.oge Cat al ysts", eds, Francjs | anney. Mar cel
Dekker . New JS1APY IGHEE T e Ar0UGA D 3 Ave it Cr Ha BORADYARY GOEH AbBSAGTPED | he
present Invepti redtﬂ%%eﬁgxﬁ%%e%etmﬂ@ sﬁb‘ﬁJréC&eé‘raS@&el ﬁfalilzatofr(gxﬂ%ogq 1Y 8oeC,

netal /nmetal s and the-cat st support’is preferably less than about 0.05,
t he | ower bi preferbgdy ngfradadN0 16.1000°%, fdhfomupokQ heomt,erefatablywior dlonrc &imo bé used
for prepari ng t he cat al i{st used according to_the r_esen% i nvention are

P : ‘ag

those whi ch HPYUSHAREIER0HER ST ARreHeABenl 1sahiah St dhgipclivily &F ths agtabyst sipcq Kast

about 50 nm ipriaf arARYsHle hEaSIosRPAHENI AN BTk oh rdPREh IR Waierdlvith&AShis about
500 nm and a BET surface area 01‘S at nost about 30 nR/g, preferably at nost

about 15 nR/ featnmntnent. effear alpk yreatmenbstt clentadt tehPemaita thd supparttis codiar wih nost
about 5 nR/g, even nore preferably at nost about 3 nR/g. Mre precisely,
the nean por edFBfREECO pol’ﬁg support 2 6 APR 2C2 is preferably from
about 100;pmto about 200 ~~m nore preferably from about Q)0 run to about
~0 um The surface area of the support is preferably fromabout 0.2 to
about 1~ m+/ { a fiwhe prfefret abbodihemnihatsonterOdescripdabove may berRpajed byrvapor
particul ar from about. 0.~ to about, = m / even nore . pseferably fr about
b~ to about SR vl /el st aiadivi sl e &6 (o P TS Kb Rt irRSd by ¢ he
BET nmet hod byaMRs adgRkidt 00 froh ali to. T about N 0aGE OésPadisley whdub sDhh, las66131.
The mean pore dianeter and the pore size distribution are determ ned by Hg
por osi met n. ~lik¢wispagseiileadiinthe aboreraenti@asd BPwi-P RO6HB30-1 66133. 10 The pore
size distribution of the support is preferably approximately binodal, the
bi mrodal pore dianeter distribution having ma~cima at about 600 nm and about
20 'gym _As can be seen from the examples according 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.

[t is, however, also possible to use conventional catalyst support systems, such as
activated carbon, silicon carbide, aluminum oxide. silicon 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

N
w

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.



representing a specific enbodi nent of the invention. 15 Further prez §r ARR 2002

i's girven to a support having a surface area of 1.7~ m~/g and this btnodal

. pore dianeter distribution. The pore volume of this preferred support is

preferably about 0.~3 m/g. |Vlacroporous support materials which can be

used are, for exanple, activated carbon, 2 0 silicon carbide, alum num

oxi de, silicon dioxide, titanium dioxide, zirconiumdioxide) nagnesi um

oxi de, zinc oxide or m xtures of nvo or nore of these, preference being

gi ven to using al um num oxi de and zircon[¥n1dioxide. Catalyst 2 and its

preparation are described in nore detail 1n DE-A 196 24 484.6, the 2 S

rel evant contents of which are fully incorporated herein by reference. Z

6 APR 2C02 -12 CATALYST 3 The catal ysts 3 used according to the present

i nvention ca I I i Strl . ; i Q. t t o]

transition grr& C?Bagysglll %ﬁaégchr%ébi%%b%&'%ﬁ %ﬂg#%t(ﬁ%ﬂéﬁeﬁn@?ﬁ \5{56 gf p@ é]g e{hﬁbl y

rut heni um or r@ledanactindiics @ohich dre dglBi inedtporated her#t byoréréreeal of transition

group | or VI] of the Periodic Table of the Elenents to a suitable support.

The appl i cat iCehl&ahSBE achi eved by inpregnating the support with aqueous

metal salt solutions, such as rutheniumor palladiumsalt solutions, by

sprayi ng appropriate netal salt solutions onto the support or by other

sui t abl e net Mhdsatalyuis Ralded as@irdihg sathe présont. ipyapianicay bé peparet dhdubGiaialby

solutions are the nitrates, nitrosyl nitrates, | i des, carbonat es,

car ~oxy| at es PRIKERyA ERT oAt geal @?ﬂ@ﬂﬁﬂ%@@l&éf@ﬁ o bsiodgmbpiz e BF

ami ne Conpl exfendls 4L iCRklae RPN, WRhA| o7 waliBbLERAE e PA/MYr BBk ¢ he

nitrates and nitrosyl nitrates. In tﬁe case of catal ysts conprising nore

t han one act iTublemétielElanethe suppe syppolte netal 15 salts or netal salt

sol utions can be applied sinultaneously or in succession, The supports

whi ch have been coated or inpregnated with the netal salt solution are then

%Io?:di Opr ebermablaypidlaibs oM 309Gidved W30faprdRthidd thd@pRdwaalgLaRE AdalfaRM
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 [, VII and VIII of the Periodic Table of the Elements are the nitrates, nitrosyl

nitrates, halides, carbonates, carboxylates, acetylacetonates, chloro complexes, nitrito

{n

complexes or amine complexes of the corresponding metals, preference being given 1o
p p g g8

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 applied 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

[\
wn

catalyst is dried and if desired calcined, as described above, afier each impregnation
step. The order in which the active components are applied can be selected without

restriction.
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600C, preferably at from 350C to 450C. The coated supports are subsequently

2 0 activated by treatnent in a gas stream conprising free hydrogen at from
. 30C to 600C, preferably fromI00C to 450C and in particular fromI|00C to
300C. The gas stream preferably conprises from50 to 100% by vol une of Hz
and fromO to 50% by volune of N~. 2 5 In the case of applying nore than
one active netal to the support and successive application, the support my
be dried at from 100C to 150C and if desired cal cined at from 200C to 600C
after each application or inpregnation s}gp. The order in which the netal
salt solutions are applied or inpregnated can be sel ected w thout
restriction. 2 6 AFR 2C2 - 13 The netal salt solution is applied to the
support or supports in such an anount that the active netal content, in
each case ba 0 he_t ot al i gh yst, LS. fr 0.0l 10,30% by
wei ght, pref szlgbﬁ"@‘e ’rgrrhgcg.a%fi ?gde%ﬁé% %@C%ﬁg?gﬁﬁ %’%Sug{ehg%b%% ugg {e& raé:gwft?agr]?? 0.01
to ~, ' by wei@htneni it a0k sir€dth asmpridme RecShyideogkn %o RYMWBLEGBO-CEBabé@tcabearet al
surface area on the catalyst is preferably from0.01 to 10 m~'g of

catal yst, paptaferablafiopn ghoat &¥RB6IY ab%ﬁ?%ﬁJﬁleeamre@@ rapfeTablys-aRmyTiees fiome
preferably fr: , =~ 1 o dh surface area was

det er m ned b)?e@egégjs%%? Q?ﬁgeﬁqgﬁgﬁgggﬁpﬂo{)n H%%’ﬁ%gﬁgg%ﬁ. bed by J. LeVlaitre
et al. in BCharacreri=anon of Heterogenous Catal ysts", eds. Francis

Del annev, iVl arcel Dekker, New York 198a pp. 310-321. In the catal yst used
accor di ng t o A& salepIutienDs anplict fe theSPRPTOr SURBOEINfSHelb an p@guntdhats t he
at | east one_ act]| t i t. 0.3,
preferably | ggesttot gﬁ{%b@l&? ﬁ%}%iekpﬁ%%%ggféa%%hfg?%gg%ﬁ&%\lf)ﬁ&grotfﬁgésqgﬁgy el over
limt being &dauibdlt 000.t0 Hheuts10Pp by tweigtt epre2tablywiibmhaboan0 be toaecutf 86 by he
preparation of the catal ysts used accqording to the invention have

macr opor es ah‘ﬁ‘%s‘ﬁ%r@§%r@@' %’H@ Qh O stovdPorh L Caby Bsidhbeld RRERSIYI Yt o

t he i nventho 5 {SE&bBikt i on such that from about 5 tb about
~0,'0, prg?e?%ﬂﬁyﬁPﬁgﬁgggég%Eﬁ%&fg;about 45% nore preferably from about 10
to 30%9 moparticular froml ~ to 2~% of the pore volune are nacropores

havi ng a pore, dianeter, of from about ~0 run to apout 10,000 and from2 ~
about -0 to dBUAGHSE! BrECE ARSI P A o BGOSR et 10

preferably f g8/ of catalyst, more preferably from about 0.05 to about 5 m*/g, in particular from

about 0.05 to abourt 3 mz/g. The metal surface area is determined by means of the

=
n

chemisorption method described by J. LeMaitre et al. in "Characrerization of
Heterogenous Catalysis”, eds. Francis Delannev. Marcel Dekker, New York 1984, pp.
310-324.

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 0.03, the

lower limit being about 0.0005.

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 mz/g, preferably at most about 15 mz/g.
more preferably at most about 10 mz/g, in particular at most about 3 mz/g, even more

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



about 70 to about 90% in particular fromabout 75 to about 85% 03 BtABR 2002
pore: vol ulme are nesopores having a pore dianeter of fromabout 2 to about
. ~0 nm the sum of the pore volunes being 100%in each case. 2 6 AFR 2C02
-14 The total pore volune of the support used according to the invention is
fromabout 0.0~ to about 1.~ cmi/g, preferably fromabout 0.1 to about 1.2
cm/g and in particular about 0.3 to about 1.0 cm/g. The nean pore
di aneter of the support used according to the 5 Invention is about ~ to
about 20 nm preferably about 8 to about ,1 ~ nmand in particuilar from
about 9 to about 12 nm The surface area of the support is preferably from
about 50 to about QO ne/g of the support, nore preferably from about 200
to about 3~0 ne/g, in particular fromabout 1 C 200 to about 2~0 neig.
The surface r
adsor ption, ?{nﬁg%r tb}\{:ﬁ?rgsﬁpﬁolg?cdg?fd %I:og{ ﬁv@dtqmb réG%?%%%Tﬁ“ﬁS&@ng%O%
di aneter andg mupw ensThe sufst aiehof therupgoe 1d§teé&’rmblm&dnbaboﬂg0 Ras asiures n~,
in particular.,in accordance with DI\~ 15 66133. is in principle possible
to use any stpformorerareéyratly flomodiout A-Sdawhrydl %/%p&palﬁcelﬁr from abigsyP-Agot he
pore size. di sbd: BV R AEHLAH AR ol UboRDSELENS ol OF ven Lo act lvat ed
carbon, silicon car um oxl silicon OX|dé titani um di oxi de,
zirconium 2 G di oxi de, nmagnesi um oxi de, zinc OXIde or m xtures of nvo or
nore of these, further preference being.given t | um num oxi de and
zi r coni um di GRF 8¢ aceafe&mfébe SIPRA I f'éermlfgeﬁaé {6 B LaPETad 0¥ N ABE0PHORTR o

detail in DEpAy, 136 K—Agac%gfa ce W18 DR 613171 TH@HE%Y‘E@reO&aM’&EFFn@&E it |sf>2e

i ncor por at ed ereln by reference. . 7 CATALYST 4 The catal ysts 4 used
accor di ng t odishébunpe sentdetermiestt by higcporodimey, ap gragdulan dw stedrddncy Wath DIN
66133, -

10 ‘

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 Mm

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,
2Q 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.



2 6 AFR 2CC2 -15 applying an active metal of transition group V112 &f APRe2(02
Periodic Table of the Elenents and, if desired, at |east one netal of
transition group I or VII of the Periodic Table of the Elenents to a
sui tabl e support. The application can be achieved by inpregnating the
support wi th aqueous netal salt solutions, such as rutheniumsalt
solutions, by spraying 5 appropriate netal salt solutions onto the support
or by other suitable nethods. Suitable rutheniumsalts for preparing the
rutheniumsalt solutions and also netal salts of transition groups |, Vi
and VII1 of the Periodic Table of the Elenents are the nitrates, nitrosyl
nitrates, halides, carbonates, carboxyl ates, acetyl acetonates, chloro
conpl exes, nitrito conpl exes or am ne conpl exes of the correspondi ng
metal s, prefengngeydetng 10 given to the nitrates and nitrosyl nitrates. In
the case of catalysts conprising nore than one netal on the support, the
netal salts or netal salt solutions can be applied sinultaneously or in

Ut hen um saiffe SOTNE Dot e CaRY BEgTaORBRORT i Hreh e P L g C g e Pl y
at from 10003.%;%9}0 a® Sotn @Rkl fof%ﬁgtﬁ&dcx@ab ofined et Pdoaid BRRG 1B ERYentsThe

coated supports are subsequently acti vated by treatment in a gas stream
conpri si ngs 2paferratéyenhwwgenpfétadmmmx@otdqsae@@@tsastmmait@wamm grospC to

and 1 rom 01 LOSBHD) VSTRE P T FERET SRRy e Bepre apkrpn

transition gb@uphiMel!byofmprédhaties deppdablieh @fudole nidtat sEtt eBRifibes, Ruth ak so
metals of transition group7 or VII are applied to the support in

successi on, THkenswp popallagdign iﬁét sehitiods, &Y SPraying appOptiate mety Galy seluiensdese r ed
cal ci ned at tt{eosrtpgﬁoor?%r £ mgﬁag a‘t‘He metﬁ%‘%h SRRl ?r?ettil Otéor 'f‘?praﬁggegna’étaft ep.

The order i n Whi 'ons are ap €d can

be sel ected wilt Roltiodsesder thet hdftes, nArdBylADRraldy;hal 1des$ ciftenared, atarb@diates,
solution is applied to the support or supports_ in such an anount that t he

active met al acafrcsmnates. nchdere hCaspRexesa §BHI00 ROMAKXESOPRIAMIRS GAMPISKES RE the
catal yst, is 15% by
wei ght, parti %:Ilrﬁ(gg&r %mgjpnrlée[ er aéﬁe oul?éqg' Brp{‘g%gg}ﬁr%ee%aﬁ ﬁﬂ}f%l%t{)at?eél nmet al

surface area on the catalyst is preferably fromO0.01 to 10 nezig of
catal yst, nore preferably fromQ.05to 5 m/g, in particular fromO0.0~ to 3
m-/ g. 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 Ns.

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.
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10 The support materials which can be used for preparing the catal ysts used
according-to the present invention are preferably those which are
. macroporous and have a nean pore dianeter of at |east about 0.1 um
preferably at |east about 0.~ um and a surface area of at nost 1 ~ ne/g,
preferably at nost 10 m!a, particularly preferably at nost ~ ne/g, in
particular at nost 3 nz/g. The nean pore dianeter of the support is
preferably from0.1 15 to ?00 ~=m in particular fromO.~ to ~0 um The
surface area of the support is preferably;from0.2 to 1 ~ ne/g, nore
preferably from0.~ to 10 ne/g, in particular fromO0.~ to ~ nzlg,
especially from0O.~ to 3 ne/g. The surface area of the support is
determ ned by the BET nmethod by Nz adsorption. in 2 C particular in
accordance with DIN 66131. The nean pore dianeter and the pore size
distribution are determ ned by Hg porosinetrv, in particular in accordance
with DI N 66133¢ merd splppautéqrzie aaplmtpmﬁﬂ@ﬁoréprﬁmogwpwb aﬁe@»ynoptnteﬁwerr@m y be
appr oxi mat el I e b Xi ma
tabout 0. 6 CARI aBBbtE Hbt R PRt R L e Il AT he
invention. 2% Rentbyoudight, m&f@n\eﬁ@m 0.61 @ 1820 btvo,v&}ﬁumﬁﬁéﬁprbﬁweﬁlgroﬂ) S.Ullf ace
area of about 1.75 nz/g and thi's_bi nodal pore di aneter distribution. The
pore vol urme (5‘?3t°fh‘§“rb$}é~flérpﬁ’élﬂ‘”§hf§%rotﬂ°sl Prieresigll y about 0.53 ni/g. 2 6
"R 22 ~7. Macroporous support materials which can be used are, for
exarrpl e, activated carbon, silicon carbide, aluninumoxide, sili con
di oxi de, tit dhe uotadiesl darfacal aremrmnunhechamiglsdes preggyatep i fromm @0 dey lﬁlmno ofi de

or mxtures of two or e t hese ef erence bei ng25 gi ven to, us

al umi num oxi QE2HAPFRF G BT TEE. apbea 093¢ 2bPUR RIS @%Fé’ﬁ%f?réf"iyoéFP“ar e
described in t ”stl f

whi ch are ful Fwtﬁ)n@gltrogdglrogft gﬁeﬁa%%ﬁ gﬂsr%?ﬂe? gﬁge‘b&% Je‘% EI?S d
catal yst =*C ushadmamp@m:dmmhd)d) debeibedvientl. obeMaimebet k. emar”@damcr@eqmwntafal |y
heating in aif and coolin f a.s ort te

metal fabri c%f”%t”ﬁ’l‘s "F@F’B”Sfc? - \K%QF”&?Q g%’?ﬁlg h‘?l‘-‘feﬁ «r§§ rl?poed

active netal 395.584 conbi nati on of two or

In the catalvst 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 according to the invention have a pore distribution such
that from about 5 to about 350%, preferably from about 10 to about 45%. more
preferably from about 10 to 30%. n 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

e
(8]

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.
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15 nore thereof under reduced pressure, subsequent cutting and shaping o
the coated support material and finally processing to give a nonolithic
. catalyst elenent. This catalyst and its preparation are described in nore
detail in EP-A-0 QB4 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 enbodinents will ¢ O herein
only be discussed briefly. What was said regarding the active netals used
for catalysts 1 to 4 also applies here. .Rarticularly suitable exanpl es of
metallic support materials in the formof netal foils or netal fabrics are
stainless steels, for exanple those having the material nunbers 1.4767, 25
1.4401. 2.4610, 1.476a 1.4847, 1.430l, etc. since thev can be
surface-roughened by heat treatment before they are coated with active
conponents. To this end, the_netallic support.s are heated in air at from
600 to 1 | 00dhe Krameranlymapt ?hFéHPWSF‘ga‘%@GE}@E (HBF e RARSt p P b A0S,
preferably f <1 P pw2tgrol I 3, Thi &: : C02
pr et r eat nent %%gog?g]éijcgf&f é%fét}%p ngt I VI tus@'gpo %wgﬁ?ﬁ?{?él&f%%}&tuﬁi S &
treat nent at 06l evabed] .0 enply. dhamesantpoee diapper of itse opadtedsed adrotdieg actheve

conponent. To this end, the su rt is_.coated simultaneously ar .
successivePyP“@%H%hﬁP@@“éﬁoégﬁggﬁﬂghgﬁg?aﬁfﬁwnﬁﬁéoé@?“@%nﬁﬁﬁﬁdﬂéﬁF§uﬁﬁder a
reduced pres%gﬁﬁﬂggﬁg&gﬂb&pggmﬁp 10-' nbar by neans of an 5 evaporation

unit, for exanple ectron beam evaporation, or a sputtering unit. This can
be followed by heat treatnent under an inert gas or air in order to

activate the.,catal.yst. The aimof the pr ation of catal yst.|l ayer

oscr bed. helBe PTG e SIPEH S beRBPRaral Y (ROt 00 e e

pol ycrystal | iy ohayRtes pRferIP Sl Sbout 00 So LbRE S50 R0 0k Rkl dildd Fond @bout
necessary for the vacuumconditions to be particul arTy good. Furthernore,
al t er nat el tepg0ogiadbont 20 mcde.i ve conponents and structural pronotérs allows
the active conponents to be produced in very finely crystalline or
cluster-like form Here, the catalyst can be built up systematically, for
exanpl e i n aTyap@facd ARAYthOfupb s detrBAH B thi TE Tmihet &y i NYaddbrpélbd, figr ent
evaporation sources. Thus, for exanple, it i's possible first to apply an
oxi de | ayer oariclr inezpcoidarceewdpdtibit $@0A !l dhe meanesievdiamatige and ghet prse SiFpport .
Active conponents..and pronot.er be prepar.ed hi. se |layer Hp;a
plurality of ngr{bzlpﬁléta%ep?eg@ %?dS@&%% M ¢ rlnﬁg}’algrpeagtgctuitlair/eﬁgalggor?ﬁchpﬁlhebﬁ\

reci pient ;speemst er | ayers of oxides or other conpounds can be produced.
Interimheat treatnment can also be carried out. 20 Due to this nmethod of
production of the catalyst fabric or catalyst foils) the active conponents

have such hi ghs adhesiap phiidlle (6% £3MubiforCibrerisNERSH ANGaRPHRFSSH0 . 91 Ve

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.

(3]
n

CATALYST 4

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



nonolithic catalyst elenents. 2 5 A very sinple nonolithic catalysg ﬁsAPR 2002
obtained if the catalyst fabric or catalyst foil is shaped by ring gear
.rolling and flat and contgated fabric or foil is rolled up to forma
cylindncal nonolith having identical vertical channels. However, it is also
possi ble to shape any desired static mners fromthis catal yst material,
since the adhesion of the 2 6 AFR 2CC2 .19 catalyst layer is
sufficiently high. The nonolithic catalyst elenments produced in this way,
in the formof mxed elenments, are instalifed in a reactor and charged with
the reaction liquid to be reacted. 5 PROCESShI G PROCEDLRE I n the process of
the invention, the hydrogenation is generally carried out at from about 20
to 120C, preferably fromabout 30 to 80C, pressures enpl oyed being usually
from 1 C abouppliing@nabiwt ma@l branspioafgesabV il 6f iePakiodit Tablew {1k BRfments
The hydrogenatlon can be carried out with pure hydrogen o
hydr ogen- con®ad:nf ﬁﬁ“@%§tk?ﬁoa%HFEW@fﬁmVéWV°ﬁﬂ@ﬂ‘§§f gWQFFWW%$T@éﬁéf@FIy >

90% prefera 0/ I eed
until a conv?#%?%ﬁggfg Sl% 61516)9%;9 @%eol lﬁcggbgcﬁang&u@hke S?rg %‘Fgur%ﬁrj?l%one
conpounds us enbmﬁmﬂdaqmgomméthbsmltmmmbns) Ruar & rﬁﬂhbmwrﬂsalthbaﬂtjhﬂ bR @pr,avﬁlt!C h as
2-ethyl-, 2-tent-butyl, myl-, 2-methyl-, 2-hutyl-, 2 2 0 isaopropy

2- sec- but yP- aPpropgate a\ﬁql éﬁif m%qnswpethe éHEPO&drrM W‘éﬁtt?hl%a\?méﬁeséllta@ech as
1, 3-diethyla i i

1, 4- d|nethylgﬁgﬂgggdgﬁggg-%E%?%g??%¥ﬁhﬁg%?ﬁ?%gd?ﬁgﬁgsandéﬂghguggr¥%§ﬁbndlng
tetrahydroanm’anamﬁ gongs ¢ ohauhWHI afhthe rAexibdic &ablefoftt Eltnentsr ee tHeerieats. 2 5

2t nr 2y o RBAGH B JAHER. RO SR BB e, SR FOTSEbr s
of two or ”Drnﬁn%oéo\ﬁ%]&egMﬁ@%émél‘e@é‘seotsmQoﬁé@ ¥EBhg 'Hléfélyr;?réfe&rngé/ beiggan

opti mum bal ance for 'the rent solubility ch racterl stics of

ant hr aqui honeivantb tatnhrasds\add aguoisylongates. ~ 6 AFR 2C2 -zo conpounds. Exanpl es
i ncl ude m xtures of nethyl napht hal ene and nonyl al cohol, nethyl napht hal ene
and tetrabutylurea, polyal kyl ated benzene and al kyl phosphat es or

met hyl napht hal gR&asd Gt Rty o BRImd Mo karl FRARRRIRLe support, the metal salts

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

ot
n

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 H» and from 0 to 50% by volume
Osz.

If not only the active metal of transition group VIII of the Periodic Table of the

[N}
w

, Elements but also metals of transition group 1 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.



5 Nor are there any restrictions on the reactors which can be used 2i & AfiRe 2092
process of the invention so that all reactors known fromthe prior art and
. suitable for hydrogenations may be used. The present invention ftu-ther
provi des a process for preparing hydrogen peroxide by the 10 ant hraqui none
process, which conprises the follow ng steps (1) and (2): (1) hydroaenatina
an ant hraqui none conpound or a m xture of two or nore thereof by a process
as defined above to obtain an ant hrahydroqui none conpound or a m xture of
two or nore thereof; and (?) reacting thesanthraqui none conpound.or the
m xture of two or nore thereof with 15 an oxygen-containing gas to give a
m xture conprising hydrogen peroxi de and the ant hraqui none conpound or the
m xture of t<vo or nore thereof. The steps ( 1 ) and (?) are preferably
conducted continuously, nore preferably continuously with recycling of the
ant hr aqui noni_ co und obtained in step (2) to step 2 0 ( 1), the
ant hr aqui nonéh¢ SFRUSOHEIORGS RRRUFE! 1@ HheatUPBOT PRIHEPATS B Such an aigrpgeat the
per oxi de for t f i Lkt i f:

Erbodi ment of i ha e BB b o bty e oy RO 01
extract ed i ntea3@oby vetighst mpfetd)y frsmriy? anlHqbgovsglexparaatiaht preferadlensns e

bei ng gi veg hgo/z S5 using pure water. As regards general procedures for
conduct i ng® t he”aPt Wr&Yui none process conprising the steps ( 1) to (3 )
above, reference is nade to the prior art nmentioned at the beginning. 2 6
A~~ 2C62 -21 The exanples which follow illustrate the invention. EXAVPLES 5
Exanpl e 1 A ks hotaf metammnfeshardd anghe canfdeisoprefeeaiy fosadd tabd malg ofit o

bl aced i a SV e GRYETED B B BApET 4 VR ISARIG PRGICATER that i s

Pd- coat ed nmesh was not catalytically active. In the fi rst run, t he
autocl ave was charged with 2 1 of a 13% strength sol uti on of _
2et hyl ant h¢ adbe suppertinmateriafO wBTh reax tha rusedo for Sheplating theanathlysest usad atddrding ao

t oget her w tg‘ 2960e of ..rut henigun}@i%rsgs\ l. .ni Er at e. r105 The, batch was t hen

hydr ogenat ed"at” & ﬂg’&‘feéla%arﬁ_rpé s opeltd fEFToB6" W AU RS AREANROIE ¢ on

ef fl uent congiamBReoNA |¢adt ARt OMun? pRifbiblant ReAQHOROMELMASICOANRLE 8da b

2et hyl ant hrahydroqw none at a selectivity of 100% (conversion: 72%. In the
f

second run, .2 mosflStmhys pseferablyon mest ¢0 corey ertticdlady preférelly aQmesoder /g ie mesh
catalyst with dded rutheniumin the sa ner. 20.The.reactio
off1uent contarhil 8 e A S H bt el e T A kRO R P8 hone
wer e conves t ®R00seh ef bhvictisrfroth®394o. 505416 ATl Rirfdce area of the support is preferably

from 0.2 to 15 mz/g, more preferably from 0.5 to 10 mz/g, in particular from 0.5 to 5

mZ/g, especially from 0.5 t0 3 mz/g.

The surface area of the support is determined by the BET method by N adsorption. in
20 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
66133. The pore size distribution of the support may preferably be approximately
bimodal, the bimodal pore diameter distribution having maxima at about 0.6 Um and

about 20 Hm representing a specific embodiment of the invention.

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

preferably about 0.53 ml/g.
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25 A stainless steel fabric (material nunber 1.4767) was heated in air at
900C for ~ hin a muffle furnace. The fabric thus obtained was ring gear
. rolled and the corrugated piece of fabric was then rolled up with a flat
pi ece of fabric. The nonolith thus obtained was 2 6 ASR 2CJ2 -22
precisely fitted into a continuous 0.3 1 hydrogenation reactor. 2 g of
rutheniumnitrosyl nitrate were dissolved in 500 mM of a 70:30
Shel | sol ~/tetrabuylurea m xture. This solution was continuously netered
into the reactor in S an anount of 60 niffh at a hydrogen pressure of 10 bar
and at 100C. The reaction effluent obtained was col orl ess and contai ned no
rut henium After addition of the ruthenium containing solution was
conpl ete, the working solution ( 13% of 2ethyl ant hraqui none in a 70: 30
m xture of Shellsol/tetrabutylurea) was continuously netered into the

reactor in amount of 300 m/h af. hydr oge ressure of 10 bar and 10 at
o0 v t houtaiBraBis Sprsiacwisrakhich it 0t SRGLAE! R SaErpadiarg cepen,

sel ectivity Jasn! Qe BREEFRIxZR! QKL ENLBLRABY LAUM NoK8e, AR oRiGhedBLagd by
gas chromat ogr aphy. 2 6 AFQ 2CC2 -23 5 1. A process for hydrogenating an
a~t hr aqui normeagresipounddozirg orise ar enigfirearfhwacguri moreofcbesoo prediserry being
contacting the ant hrdg i none c. rrggémd or m,xt uc{e of anzhraqui none 10
conpounds Wi $FFHO CEPE t}l’ﬂm‘ﬁﬂaxﬁﬁ ARPPBERAIOMea hydr ogen cot: tai ni ng gas

t hereby preparing an antl ~rahydroqui none conpound or a m xture of

ant hr ahydr oqui nonc conpounds asnt hr ahydr oqui none conpounds, which
conpri ses: ef#tdrstidnandsizs preproatiomcare Weschbed snmarydataib npEiAilAg 04t79 fashe one

honbgeneous ound of at ]east one. uietal transition metal Group VIII of
t he Periodié%gg%#§m8F“§Hé“é?gﬁgﬁﬁgyfgoﬁgﬁ%%%ﬁﬁ%égxgﬁggcﬁ'together W th at

| east one nmetal of transition Goup I or VII of the Periodic Table of the
El carnents on a support in situ. 2. 4 process far hydro'er~atiug an
anthraquil@or@AEéﬁtﬁ’g rd or a mixture of anthraqui none conpounds by
contacting the anthraqui none conmpound or m xt:.ue of anthraqui nane 20
conpounds with a catal yst and pure hydrogen or a hydrogen containing gas

t her eby pr epEiel dagalyah 5 anédicebyigHoo Lthd GivenSeanpeuiRtbroparél B ¥dqueRialll heating

ant hr ahydr oqui none conpounds, which cornpriscs: effecting said contact with
a catal yst CBRpADEcoR)ingglovwacafiaseppast materiak in|teslormehe ngﬁbmfortmeaﬁgptu on
Gr~up YL~ i.o0d] ) +El - ad] | one
or' -5 t oget noL e b LA Suitl Sbcle depfiiteaFEN] oo PP RECm BRI A & OThe
Peri odi ¢ TEalthereoherebfeutdee methicsd papplre,aghbsaquantsapiray tnd shepirgupp dret cdatddvi ng a
mean pore dianeter of at |e s} 50 non and a $ET suyface rea of at_ppst 3 0
mxl o and t heURARRSLmaGR! a8¢ ifnellrerenssying iy stveommepngliiuc 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
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process for hydrogenaxin,g an an+, braqui none conpound or a nuxturre of
. ant hraqui none conpolLnds by contacting the anthrag~.iinone conpound or
m xture of ant hraqui none carnpounds with a caral yst and pure hydrogen or a
hydr ogen contai ni ng gas thereby preparing an ant hrahydroqui none conpound nr
a rnia.~ture of arttl arahydroqui none conpounds, which cornprises: 2 6 AFR
2C2 -24 effecting said contact zth a catal yst conprising, as active netal,
Rud~cni uxn, alone or together with at basf one metal of transition Goup J
or VJI of the Periodic Table of ~c Elenents, in an anmount rangirag from
0.0l to ~0% by wei ght, based on the total weight of the catalyst, applied
to a support; from1l0 to SO ~ of the pore volunme of the support being
rnar sopor es 1t auhig i cRORE sl ARGy ENE BaSEOMAR0 LER Q) H00-AfANd
from50 to 90% e pore volunme o he ~pport bei ng nt osopo~- es %aV|ng a
por e d| anet ertemaagiung tifersapp@t tseo&ed ath ﬂu&musummportehe”r paliie end) lthensmppdreisng |

QJ~o0. 4. ~ process for hydrogenatin . a thra U|nona corn~pound or . a

i hture of an“tOF}Paq%F‘HES%O‘F%’ &6n5¢‘6%ﬁ§3§§by EERYAR (X NP IHRRC Y RY A (i 8Feve
compound or  nigkt Yn&r?funéé}té“}@cﬂidkd“%é’ss&QW&HsloM td) 187 Gab&! ¥y mARd oPUie
hydr ogen or a hydrogen contaln;n~"gas thereby preparing an

ant hr ahydr (iqmmm*reucnmrpm)fmcbxampb al¢cxon rbearofevmzinoahmda s;qmuenwemc dripoeands,
whi ch conpri ef f ctln said contact with a .catal,yst conp sin Ve dS
active netal, eafP oy g“?’f‘é‘?%ﬂt Ugfler 3 IRGrEgRs Of pHH! Qﬁd%/ﬁfﬁ Ky % ef"'ﬁ% Pori odi ¢
Tabl e of th4 Elenents, along or together vrztlt at |east one netal of
trar~ition Goup | or VII of the Feziodic 'Table of the Elenents, in an
anmount rangi nbhef pigpmoQ.the piepamtiBol%fbsatabest dhyers idagadedrhetehés totpedpassehighly of

the ca~lyst, applied to., a su ort haV| .a,.no por e di ameter
bt 1 east 0. 1 AR e YR PRl altEs THRRSH BN 1 o TRt DR Sl AT
process farg hydéegenet iRovdruahXddRtAdHE ROBE RATRRENCGRH. FufiGiiere aﬂémate

ant ar aqui aane conpouoeds by contacting the antt-~ra itlnone conpound ar

m xture of ardeheutel @fcﬁwm:mmxmn@rsmﬁiswnaaldmrapsmal@m thauactivgempeentsor a
hydr ogen con%g nlqg%gglnpg%rrgx(p ﬁﬁ@ﬁ'&Qmﬂmr ﬁg%ﬁﬁ@hS droqui none conpa~xnd
of a mxture o rahydraqui non & I'ch conpri ses:

etfectiz~g said contact vztb a catalyst supported on a nonolithic support
of a nmetal fabric or a noral foil prepared by sequentially beating said
support rraterH%IF theycagalyst cambe PHHPcYeETACa MO EATHNE Im@tanor dEPosRien Wbited by

coat im0 1% SHFRRELs MO Pl PR e EROBTREL O Sty

and 35 fat aI I ﬁ/rstpb apsls ah Bgide taygi stebareaninelsviporaichyuppathesde Lt yist sumes e
act|~~e netal is at | east one 2 6 AS of tta~ |t|on oup

"VI11 of the #RPESAMEONEH dprorRETEs Pr§P%?C§ﬂ’é thi? E’i‘%ﬁdé&eﬁéi‘ ailrRliggiof] east

one nmetal of fifaRsi ki) BPHAMANS o Ractild oRfinh iR r@&bieﬁfj'pf:on:[&pr] l@vé?§ off $¥&des
El ements. b. .~ process for preparing hydrogen peroid

ant b~aqui noneorptlec zgspounts cin egmpducsé dntelimelt ttwum@ge:nm sm@r_ cmned out.
anthraaU|g qne conpo-~d or a m xture of anthraqui none conpounds 1 a b5T a
process as clainmed ~.~ any one of clainms 1, 2, 3, 4 or ~ thczeby preparing

an Due to this method of production 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.

(8]

w

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
cylindnical 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



ant hr ahydr aqui none conpound ar a ni, Yiurz of anthrahydr4qui none codpbuARit;2002
and reacting the ant hrahydroqui nane conpound or said m xture of
. aut hr ahydr oqui nane conmpa~unds with an oxygen-containing t4 give a mxture
conpri sing hydrogen peroxide and the ant hraqui none conpound or said m xture
of ant hxaqui none 15 conpounds. 7. A process as clainmed in Claim®6, wherein
the steps (1) and (~.) are carried out continuously. 8. A process as
claimed in Caim6, which further conprises: 20 13) extracting the hydrogen
peroxide fromthe m xture conprising hydriggen peroxide az~d the
ant hr a~ui none cornpaund or said m xture c~f anthraqui none conpounds with an
aqueous extractant. 10. A process as clained in aim?7, which ~, uther
conprises: 25 (3) extracting the hydrogen peroxide fromthe m xture

conpri sing hygdhReERyP Y i G&BmkH he ant hraqui nane ccvnpo~und or said
nai xtre of anthraqui none conpbéunds wi th an aqueous e~,~rartant. t 1. , A

process as ciainyed in aim1l1, wherein a a-al kyl ant hraqui none or a m xture

of 2 30 al kyi.ant hraqui. none coppounds s the.ant hraqui none start|

mterial . 151 TrGLLL S PR Gaoq ReH it Yo Gf e g1 ritced fiéments,
2- al kyl ant hr arih S9N Q% réactBr xhdlERr 2l vAdhlie YaaidPhdud iden@ageqpounds is the
ant hr aqui none starting material . 2 6 AFR 2&J2 -26 5 13. A process as

clainmed in3C aim 3, wherein a 2-al kyl ant hraqui none or a m xture of 2

al kyl ant hr aqyy %@ﬁ? kS« he anthraqui none starting material. 14. A
process as ctﬁmﬁﬁ EI,L%{\%er ein a 2-al kyl ant hraqui none or a m xture
of 2all cyl ant hraqui none conpounds is the anthraquinone starting material .
10 15. r'~ process as clained in Claimb5, whercia a 2-al kylanthratluinorre

ar a m xt ur e lothepregepcyfli the imyentn Hsdwdragspdionds gensrally cagiedua guirem meout
starting matehi alon16. [0Gess g al ' [ er ej

2- ai kyl ant hr 52&?}1%91&? gfe%a)(rgbnl?/ )%t%uﬁlr %b%g% Jg?q g@a@?%%ﬁﬁ?ﬁ%%ﬁ@ﬁ%‘%@%% Mds is
t he aat hr aguizpene 15aBdt 20 Gariefdratal fromfabods 2%0A.0Aar A ‘

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-buryl-, 2-sec-amylanthraquinone, and polyalkylanthraquinones, such
as 1,3-diethylanthraquinone, 2.3-dimethylanthraquinone, 1,4-dimethylanthraquinone.
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
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& A. AO. AY. AAL! . ALI . A. AKY. A" F) $- _83d{~) 6: C] agj t y~ysnhc] X] cal] ca] cal] ca] cal] c
. alJcalU] ca]calU] ca]ca]c

a]J ca] ca] ca] ca] ca] ca] ca] c™a] ca] ca] ca] ca]ca]ca] ca]ca]c”a]cRajcajca 2 5,90
D..ehP}xsnid_Z]]ca]c"a] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
aJ calcalca]c aJca]ca]ca]ca]ca]ca]ca]ca]call

gn/ : #y2: K13@ } xsni d_Z] ] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]c

a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] £a] ca] ca] ca] ca] ca] caj ca! ]

PYHITH """ RE #mtq#$SSKUBBBAEEC ' ' 6( ((( G Fxsnid_Z]]ca] ca] ca]ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]c
aljca]calcalca]ca]lcalcalcalcalcaljcalcalG))))|+, ..00" 1-1<1@22J3334S5T5v6y67
gc?cg?gfﬂg?gwwmbgﬂél Isakeakcabhal Shaksal Grlsahaalsrleakeale abaal arbsal cal c
a] ca] ca] ca] cahﬁh]lﬁ@]hd&]ana]andat]str&m]\da]ec,aﬂao‘rﬁé)k\tlat]ed b]émiqe aiqéga]ff}abkﬁimb%ﬁ}?a]?@]ﬁdvﬁxfuB
sCCCCDDy D} xs C caV]calc ca] ca] ca]ca]c"a]c"a] ca]ca]ca
] ca] ca] ca] ca]n’g Xz}q&] Fct\ﬁqr 4 W%é]‘%:%ﬂ?@ﬁ?%ﬁﬁ YEODLEEGGE H] Hdl gl | JCIJIKAKK
L@QLLLLMYMWI NNOC} xsni d_Z] ] ca] ca] ca] cal ca]ca]ca]caJca]c

aJ cal cal ca]ca]calca]ca]lcalcalcalcalcalcalcalcalcalcalc

a] ca] ca] cajsc af ararORjeRPGHQERIRRS sSHTthe Taac: ditIRR\VYAWBaYAsXOCKY YeZztbuask @b ] cal c
a] ca] ca] ca] ca] cal.ca caj cal c

a} ca} ca} ca} ca‘]1 }18%}5%3]36(3%5 \Ega] E‘L‘] E"L]TB%] @g %"d‘f‘r} f""[‘c{ $4ijapntor hydrogegationsy; 5. 5
aaa cecddCeeg} ideZ] ] ca] ca] ca] ca] ca] ca] ca]ca]c

a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caj ca] cal ca]ca]ca] ca]ca]c
aljcalcalcale@ af fgigghl hhi*i/iii9jKjjlkkkl nmmOnhokoop9pFpLpp}xsnid_Z]]ca]c

2] Cal Ca) Gl Cal Eo R ORI RaPE SEUET B g P orocr T a T GEa (VPSRBT LR 0 3y 221
{{:}| w mhahY]haadgddona %Lgsamh%% As U CRIERIng Rleps (1) and (2):

a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] c afca cal ca] ca] cal: % f} ~d~~0|
KMoUQZ™ | qHFj }(Xb n%\dir@epatmg] giqmr}qpa]cg@pgg]ci(a]adng}lge of two or more thereof by

2] cal cal cal cal caf iR ELIEARACHTE R SRSV gbryanuiaps ceBpPRMI 4] Ea) ca)
c"a] ca] ca] ca] ca] miaheal el 6/ mbealgalcalcal cha] cal ca] calcalc

a] ca] ca] ca] ca]ca] ca! Byn */sipu50L.jg{vql gb\ V\]ca] c"al ca] ca] ca] ca]calcalc

a] ca] ca] ca] ca(}l:a@]a@aigdbq é@]‘i@ap@aﬂl%mmg Bfwe of two or more thereof with

2l cal cal cakeal calcal gl Caily @%ga?wmw]mm\maﬁg%sagm&m@]asmal c

a] ca] ca] ca‘]g] cal ca ca']°ca

a] ca] ca] ca] ca] cap]mla]a@a]@&]@&]pcm]d:&thcﬁi\ﬂax&%(o&n@ or, thOP&tRerédf: y9S

10%{ & ()-m & 10% (& ()- "~ &L0% & () - 910%{ & ()-83a@F" "10%& ()- !'F"
"10%4 (& ()- g 10% & ()-Sg 10% & ()- "10% & ()-& 10% & () - Sd{ ~& (dE:/ 10(

10(3710% & 1 % T, X

108/4& ()(()gs)Tc}:gé(t?t b, ks % gef oA %’%ﬁeg éé?l%&fg%‘g% &&8 FEEE -2 ()
-@® 10% u& ( )w@tlmﬁﬁd’élu&vl(h)rem&m@ OBIhP’aﬁwaq]JOYOmé)%m&iL(n -O;bginzed in step (7) to step

10% u&' % ,u& -18Y 110% u % 0% 3

9uj U@ g)o 2@2 1(8})/ !U a()% que femao 8&5&'?:1}6& E'F% a{[fr @%Vil IIEF&]nv(d)roge e%ude
"10%IU& () -, Emddd%s W&ohdtirudat oﬁ&'ﬁbnk@o%%lﬂtm%wm ()-109%& ()-yS 10%0& ()-S
10908 ()-,f 10%0& ()-s 10%% ()-..dE @ 10f# "10%08 ()-!f

1090 () - 510%0& ()-S 109%0& () - 0%0& ) GLOYOE! () - eth] _ @103 "10%0& ()--S

1090% () - +100 10 - % P
10%@: () 1048 (57 10 PR )3 B My o
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.
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10%@&. () -n/: aBbCl 10@* "10%@&' ()-! @ 10%@& ()- T 10%@& ()-sT 10%@& ()~
C"10v@eR () - T 109%@& () -: #y2dBbCl 10! " 3" 109&' () - 1@ 10%@& () - 90T 10%@& () - .
10%@&' () - Y+S10%@&' () - $g 10%@& ()-2789: GKbC! 10! 10%& ()-9' 10%& () - 10@
10@ 10@B@ 10%@&' ()-6@ 10%@ () -5@ 10%@& () - KI3dEbC! 10! Yf 10%& () - f
109%& ()- !10%& ()-yf 10%& ()-y 10%& ()-F1l0%& ()-3@ ]
aBbCl 10f #3" 10%& ()-!f 10%& ()-, f 10%& ()-yl0%& ()-!3"10%b& ()-f
10%& ()-] !'Y!'!!H dEbC 10LOf 10%& ()-&.10%& ()-+ "10%& () -
10%8& ()-& 109%& ()-% 10%& ()-H'"" R#] #% # #mixnbCl 109' 10%& ()~ 10b 10b
10b6910%& ()-,5S 10%& ()-3 "10%& ()-1S
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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 | 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

N
w

A stainless steel fabric (material number 1.4767) was heated in air at 900°C for Shin a
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
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tone (1- 10w (o (oL donte ) 1 B0me ()5 oL gt
10%& () -, y10fRe€nd dbraided WRE fortes28ARBAGRENE ruthenium. After addition of the

ruthenium-containing solution was complete, the working solution (13% of 2-

ethylanthraquinone in a 70:30 mixture of Shellsol®/tetrabutylurea) was continuously
metered into the reactor in an amount of 300 mL/h at a hydrogen pressure of 10 bar and

10 at 40°C without additon of ruthenium. '

The conversion was 62 % and the selectivity was 100%, based on 2-

ethylanthrahydroquinone, as determined by gas chromatography.
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10 compounds wlth a catalyst and pure hydrogen or a hydrogen containing gas thereby
preparing an anthrahydroquinone compound or a mixture of anthrahydroquinone
compounds anthrahydroquinone compounds, which comprises:

effecting said contact with a catalyst comprising at least one homogeneous compound of at
least one metal of transition metal Group VIII of the Periodic Table of the Elements

15 deposited alone or together with at least one metal of wransition Group [ or VII of the
Periodic Table of the Elements on a support in sitw

2. A process for hydrogenating an anthraquinone compound or a mixture of anthraquinone
compounds by contacting the anthraquinone compound cr mixtire of anthraquinone

20 compounds with a catalyst and pure hydrogen or a hydrogen containing gas thereby
preparing an  anthrehydroquinone compound or a mixture of anthrahydroquinone

compounds, which comprises:

effecting said contact with a catalyst comprising, as active metal, at least one metal of
transition Group VIII of the Periodic Table of the Elements, except palladium, alone or

25 together with at least one metal of transition Group I or VII 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 .01
to 30% by weight, based on the total weight of the catalyst.

30 3. A process for nydrogenating an anthraquinone compound or a mixture of anthraquinone
compounds by centacting the anthraguinone compound or mixture of anthraquinone
compounds with a catalyst and pure hydrogen or a hydrogen containing gas thereby
preparing an anthrahydroquinone compound or a mixture of antbrahydroquinone

compounds, which cornprises:
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10Tg@@¢3 1@%%3( rﬁaﬁeﬁﬂ%@&g (perl 5B’ A HOUB,000 ambGexddion) 50 to 90% of the pore

1090 () yv%?ux/n&}of( Ilm sup;ogt eing n%gléorev having & pore diameter ranging from 2 to 50 nm,

the sum of the pore valumes being 100%.

4. A process for hydrogenating an anthraquinone compound or & mixture of anthraquinone

15 compounds by comtacting the aathraguinone compound or mixture of anthraquimone

compounds with a catalyst and pure hydrogen or a hydrogen containing gas thereby

preparing an anthrahydroquinone compound or a mixture of anthrahydroquinone
compounds, which comprises:

effecting said contact with a catalyst comprising, as active mefal, at least ane metal of

20 transition Group VI 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, in an amount
ranging 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 at least 0.1 yum and a BET surface area of
at most 15 m%g.

[ ]
Lh

5. A process for hydrogenating an anthraquinone compound or a mixture of anthraquinone
compounds by contacting the antbraquinone compound or mixture of anthraquinone
compounds with a catalyst and pure hydrogen or a hydrogen containing gas thereby
preparing an anthrahydroquinone compound or a mixture of anthrahydroquinone

30 compounds, which comprises:

effecting said contact with a catalyst supported on & monolithic support of a metal fabric or a
metal foil prepared by sequentially heating said support material in air and then cooling the
support material, followed by coating the support material with an active component under
reduced pressure, and subsequently cutting and shaping the coated support material and
35 finally processing to give a monolithic supported catalyst, whose active metal is at least one
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(1) hydrogenating an anthraquinone compound or a mixture of anthraquinone compounds
10 by a process as claimed in any one of claims 1, 2, 3, 4 or 5 thereby preparing an

anthrahydroquinone compound or a mixture of anthrahydroquinone compounds; and

(2) reacting the anthrahydroquinone compound or said mixture of anthrahydroquinone
compounds with an oxygen-containing gas to give a mixture comprising hydrogen
peroxide and the anthraquinome compound or said mixture of anthraquinone

15 compounds.

7. A process as claimed in Claim 6, wherein the steps (1) and (2) are carried out continuously.

8. A process as claimed in Claim 6, which further comprises:

20 {3) extracting the hydrogen peroxide from the mixture comprising hydrogen peroxide and
the anthraquinone compound or said mixture of anthraguinone compounds with an

aqueous extractant,

10. A process as claimed in Claim 7, which further comprises:

25 (3) extracting the hydrogen peroxide from the mixture comprising hydrogen peroxide and
the anthraquinone compound or said mixture of anthraquinone compounds with an
aqueous extractant,

11. A process as claimed in Claim 1, wherein a 2-alkylanthraquinone or a mixture of 2-

30 alkylanthraquinone compounds is the anthraquinone starting material.

12. A process as claimad in Claim 2, whetein a 2-alkylanthraquinone or a mixture of 2-

alkylanthraquinone compounds is the anthraquinone starting material.
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alkylanthraquinone compounds is the anthraquinone starting material.

10
15. A process as claimed in Claim 3, whercin a 2-alkylanthraguinone or a mixmre of 2-
alkylanthraquinons cormpounds is the anthraquinone starting material.
16. A process as claimed in Claim 6, wherein a 2-alkylanthraquinone or a mixture of 2-
15 alkylanthraquinone compounds is the anthraguinone starting material.



