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Suspensi on hydrogenati on of an ant hraqui none conpound in a speci al rbeﬂﬁ{%fﬁﬁl
-for preparing hydrogen peroxide to 15 20 25 30 The present inventiadn

rel ates tax PRIGEEAEI\W FIL RS suspensi on hydrogenati raqui none
conpoundS—TT a specrat reactor for preparing hydmg‘ﬁﬂmw l”@% e by the

ant hr aqui none process. In the hydrogenation proc , esent

i nvention, an ant hraqui none conpound or a m xture of *1§6*or nore thereof
are brought into contact with a suspension catalyst and a

hydr oé]en- caont aini ng gas pha:p in a Sppci al_reactor _as is conpr ehensi ve|l y
described in DE-A 196 11 976. This special reactor contains fittings having
openi ngs or channel g, whi ch_haye particul af hydraulic dianmeter. Virtually
all the hydrogen peiﬂ!ﬁﬂfé‘sb‘m\c‘\%ﬁ'@gﬁaﬂtmﬁ apAnthrAGWAORKE: r i c tons/a) is
produced by tduanpoulideiihpeeidl asrssr foRprepashfs hydrogeadperoxite

catal yti c hydrogenati on of ‘an ant hraqui none conpound to formthe
correspondi i i

|l attey with oxygen to form hydrogen peroxi de and subsequent isol ation of

t he hydrogen peroxide formed by extraction. The catalysis cycle is closed
by renewed hydrogenation of the anthraqui none conpound whi ch has been
formed agakenpiegedthénwextio@t reditestiopa pProcessermvn alle ofuspérsidqa i ydrguehatiowafi ons
is given itrﬁrthe schene bel.ow a /i.fIX ﬁ‘is = L w wx C%t?I%gst ~ [ %s \ 1

| t s, o, 3thraquinone compounds in gospecial reackir fop preparipg hydrdeen petpsigeixothe
conpoundantrauiyemer ptdcyssdi ks ohe drydrogenatinnx tpurcessofof athel present ynwahtion,gami ¢
sol vept s | 1.1 ' S d on. In
he. aht nPARERRhRY cbirBu oL BRI . S BERs HBrRY sl oo
cont i nuo@s$ugpensiau gitakyse and v bydregen-ruuainingegns pHase Ha pspedialsreactor as is

comprehensively described in DE-A 196 11 976. This special reactor contains fittings
having openings or channels which have a particular hydraulic diameter.

20  Virtually all the hydrogen peroxide produced worldwide (>2 million metric tons/a) is
produced by the anthraquinone process.

The process is based on ;he catalytic hydrogenation of an anthraquinone compound to form
the corresponding anthrahydroquinone compound followed by reaction of the latter with
25  oxygen to form hydrogen peroxide and subsequent isolation of the hydrogen peroxide
formed by extraction. The catalysis cycle is closed by renewed hydrogenation of the
anthraquinone compound which has been formed again in the oxidation step.

An overview of the principal reactions is given in the scheme below:
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5 An overview of the anthraqui none process is given in Ul mnns 26 MM
Encycl opedi a of Industrial Chem stry, 5th Edition, Vol. Al3, pp. 447-456. A
parti cul & s reastien.athe apthspquinoneneompruRes g genernllyr diswdwedi in 4 xture of a
hydr ogenghirfity S @Ped NG iGN NERM Slutidh. t he
Blur Aty DF @Peanft shlfertd) iy a Wfs%ﬁﬁegqm%%wg@%e u

wor ki ng sol ution 1's_ hydrogenated in e presence of a ca o formthe

cor r espoflithy 2aRFUNPGr BOSEo RIS cHpRsEen aolutrpr ipraeaesally i pasessh FOHINUEIEY es t o

thi s hydpggestatht aBovwl &Rcbed fgpsTithe pabdsgone process. 15 This catal ytic
hydr ogenati on can be carried out in suspension or in a fixed bed in various

types’> of reactor. The prior art is detailed, for exanple, in EP 0 672 617.
I'n a fixegrdeeviow ot Besantliraquinyel P@eess ¢OFivan i Uimaass Bhagppadid of ieduskiaki ng
sol ution re.sgassf?&ﬁén c%:éﬂrri t or g%ﬂercurrent t hrough a reactor which
i s char gSGCHER 2GR 2 ’d%\’té?i ‘coated with noble netal. The

catal yst used | oses activity over tine and therefore has to be regenerated
or replaged,. .For .t his purpose. the fixed-bed | yst fi r.st t

renoved %‘ Y B%rr]nf ﬁg 1¥ égc??lg?masﬁgp 7 g% a%tbr)ér&élélgﬁeepg(}%tg% %a@‘glﬂygfogﬁg%ﬁnog%é%

i nst & | ewhichiths anthragaimpnt icompoomd preseny iratid worpingsiolsionds hydrogemhtest inythe t he
hydr ogenat i j i i I uspensi on
node si n@%e'sgt{&&r%tggQﬁfra]l&[sL@%@%ﬁéﬁdﬁégﬁ@r{%@%@@%ﬁg{rﬁqlgg%nébcg)rﬁ ounta ered by
continuous introduction and bl eedi ng-off of the catalyst. In its nost

gener al ] ' i | ' actor in
T oh 30 TR R D e
catal yst is suspended and, in addition, a hydrogen-containing gas phase.
The techirgsaaylpic BrEORMEHON cAEBE taTId ot BRSp&@IsidnSorGa iRfitdieb Melayious
descrlbeg in Pllnan%% nz¥klﬁ§gdL dgﬁ tec nl%§$§8 gng%e, 4t h Editi on,
Vol ume 3WRGHO! FE%0E 18¢ PRIST af R detal SXGRPERIY § ‘or the suspension

hydr ogenat i on of ant hraqui none conpounds are described in U | mnns

Enzykl opadi I i N ; it I A 70Q- 702,
Those i i aauigiel AR S By CRERhEpuih he bl ot il Brobdne Ritif i 0%
~ 6 At spassedin gerupantairycousterourenhidraighrerestton wihichris gharged wiithof supported

ant h§RquLRNS: SRAMRACKRK ﬁobﬁésxﬁet'aﬁ 'I'_I?_ﬁgs%}a%fst B5ddNREesSHERRP D &Nt taAl MBdrSfoRS

supported suspension catal ysts. .dtter conprise a netal Layer on a
support P&y 1o b9 eegergiptad o deplacesn ERT thit Pupess, ﬁfyéxwﬁb@d ’E%‘Yé‘d{'}’émésg@ hat
the 5 pafdndled fibndtRiredGo0ind frel i réffentated. chtalysrhas wbd inytalléde Thécisrvent at i on
of the catalyst to thﬁereactor conpared to unsupported suspension

cat al yst MerGONIHHIE 28 x?eﬂ’éﬁyeare generally, in ternms of their activity,
| ess sensitive to thermal stresses and poisoning than are pure catal ysts.

25 In industry, the hydrogenation step is therefore primarily carried out in the suspension
mode since a drop in the activity of the catalyst can be countered by continuous

introduction and bleeding-off of the catalyst.

In its most general form, the suspension hydrogenation is carried cut in a reactor in which
30 there are present the working solution in which at least one catalyst is suspended and, in
addition, a hydrogen-containing gas phase.

The technology of suspension reactors in general is comprehensively described in
Ullmanns Enzyklopédie der technischen Chemie, 4th Edition, Volume 3, pp. 494-518.

35
Some reactors which are used for the suspension hydrogenation of anthraquinone
compounds are described in Ullmanns Enzyklopddie der technischen Chemie, 4th Edition,
Volume 17, pp. 700-702. These include stirred vessels, bubble columns and moving bed

reactors.



: 3
' o The suspensi on hydrogenati on of an ant hraqui none conpound using a | oop
reactor containing palladiumblack as catalyst is described in US @ﬁ@%ﬁ ny
923. In DE-C 93 8 252, the hydrogenation of the anthraquinone conpound s

d bl I | | . f
Cart1 oS, Ml BR8P0l AT SROLRLTNR SRR SRl LT8R
| eads t oeulmnasnspenkiow oefalysttmowmppoxrﬁgi wpamsxmncatmlystheThmkaesr cothpriseaa wletad t

used is giyé{‘BHOJ El%‘f)ortp 8! Egﬁ@%ﬂ%gééﬂglioﬁaéa’i‘él%ﬁé hiGe the &d0alfa g@’ Fn@he

activat e uni nurh’ oxi n’’suspension reactions Is to
ensur® spetticle @Wﬂetétﬁrﬁfafmm& 06 toed- F oo simplify &lwemcqlai@rneftthc yatelyshiothe| es

whi ch ar g.,8iés %H@@x‘id'tﬁ &H@Fpﬂdrﬂﬁ'sqsﬂéﬂﬁ%ﬁ caﬁl’y%?se'lﬁ'aﬁ&tﬂbﬁaﬁlwrafe @&%&ll}ﬁ utx he

i ntroduction of nechanical ‘ener for exanple,introduced

means of tesms rqfethsir WﬂVeéeSérsenﬁng%@o gléemhtskrpegs apg m&edthaﬁearwqre
parti cl egatali¥sr easi ng thi s nmechani cal energy input above that required for
suspensi on [eads, 25 however, to no appreciable inprovenent in the nass
transfer between the liquid and the suspended solid particles since the
achi evabiTke rsakjgdnision M?dl@géﬁa}'loﬂx@te@dSarithﬁqﬁiﬁdhmﬂtx@bhmh usiigo&i IoppOordaytor

i nsignificantl eci.Slve fa or.f nomical ation of an
ant hraqu‘i:?irg?‘fgJ rp(?ﬁg(g‘émi a%}(hscd %Sf)és (geé%r %ﬁc‘gﬁﬁgpﬁjt he hydrogenati on
step. The space-tinme yield |s t he anmount of product forned per unit

cat al vty BRI and Paie WRlbechbtly o T Bikighfifn SARbOLT WN:fled1BYCIn a

h|therto €eén use accor rior art suspensi on

hydr ogenbgbtds celhnmmqntaquermhdarcmw@drm@ng%m phiohathe n@trQﬂ)ﬂdﬁ@géﬁ hyédnogsn de i t
has pot ﬁit&"ﬁhéslo%ﬁﬁarpeﬁédéﬂ tibd Rad@C mw @ftﬁ@woymhg INuBRREEHel tiBes.

yi el ds. 4 G, 2002 1t 1s an object of present i1nyvention to

provi de ADpFPelysiusedis 4 ﬁaop@ﬂecbemﬂa Hmme@@ﬁafmabﬁt 6722410 ahPa raggivaied
conpoundmuﬁhﬂgn@xk@ ctor which has hitherto not yet been used fox this

hydr ogenat i on. e have found that this object is achieved by the process
described in the claims. In this process for carrying out the suspension
hydr ogenﬁhé basio prablerait Buggnsion neactiompisun censure sufficidnt centatt ¢ivthe aeactarte

ther£p! bilydnd GRALALA LA, LIS S PHARERbuiigatior ki nO S0l ution in

yst I's sus tion,
hydrogen cont ai ni ng gas phase, the working solution and the gas phase are,

:Ogr : hgf r tsﬁégtegsﬁ@n e%ét%@reahuk RSthirBdididot ofim&hadicsl defdy, Shichhs] for ¥RAmipme, f or

h, thr h.a fitti havj n S’ or channels e
hydr aul i & r&?‘é‘i‘?@t é)’ IP%anFr nf‘é)"@s’t Bozgge% }“%f 5*?561511‘93% dhh SPSP?Pr‘]ilé"enﬁ? ‘ds
parti cul perrhylep][lﬂéxeais@ﬂig thig mcﬂahlchbexﬁrgyﬁnﬁheaﬁdvydﬁamuéqnmednfcarmtlmnsm lelelsj ned
as t rat C
ci v ctins ohoksP o he' SRR iqeIF pEPPCRRE i R ales VRSP EhBth PR and the,
i ndi vi dusiispersied sdkig padislasrsincarthé gchievablecreldtive oslacity gkeaee thej sfdiraeqiety@ed
through,vagangﬁﬁngg%ﬁggmﬁgepended particles and the type of gas phase. The

i e lirquid, t

nore Vi scous 't e greater the channel w dths have to be. For
| i qui ds havi ng dynam ¢ viscosities of from10 x 10'5 to 200 x 10'5 standard -

s/ ng, hyAr@uisI\e fAbRIEbLéconbidal 8pérafi@e of bR Mhithridquinbne pivReds & OPidhEace-20 | n
this vvay g?qe Sgg % tine, ﬁl el ds are obtained than in conventl onal
r eactlor STPE YT tBE BydegerAtion s¥Pogenat i on of ant hraqui none compounds.

The space-time yield is the amount of product formed per unit catalyst volume and per unit

time.

35 Using the reactors which have hitherto been used according to the prior art for the
suspension hydrogenation of anthraquinone compounds for preparing hydrogen peroxide it
has not always been possible to achieve sufficiently high space-time yields.
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For the purposes of the present process, the hydrogenation step is "
generally carried out at 2 5 fromabout 20 to 120C, preferably fronz QMEII
30 to 80€. is Fheolpeets ofir the engskmwty édentien genproxidey af ptmeabmﬁ tHe tsasp@isibar
preferab V. t n,be ed .0

Gsi ng of PYpEaTRY b el el bR ol B 0T DB BB B G ol

hydr ogenhednoised ﬁbrq@ﬁéwdrdgpneM| ed out to a conversi on of from about SO to
70% in order to achieve a higher selectivity of, in general, >90%
preferably >95% The term "ant hraqui none corrpound includes, in principle,
al | aht hMéiqhﬁvncfnemt&wp@iumbje@t B a@havcdwbyéhﬁp@gmrd@mgaed in the claims. In this

tet rahyd?%%%@%ﬂﬁ@%u?%ﬂ §10%&§ﬂ8 At ﬁ%f‘éﬁ%ﬂt}fr&{mﬁdh%c% g&h@ﬁ one

process reparing hydr o e er oxi agul none cCO oun ar e
pref er awatu%é @rortm@repthe@eéw dFeactor lrpwégélﬁberenwmsmm %\M@rkmg solution

2-al kyl apf %ﬁﬂtutqe@ﬂ%netuaﬂalﬁ i sﬁ&ﬂ%}ihed ard, tigr dcddRidny la- hyd%gmydomau%n@%fahyl
2- but yl - ec}[l%%l ant hr aqui none and

eyl Loy PtteBe Mo b stluEoB nd dhe das RhRs 4161 D ErbaTapaRed Bt IGS P ie-
~' ODHM  2pat df tmim\ydlambffbag;annﬂnbeu path; throwgbhy faivighliaving 6perengror channels

2, 7-di

Lot anyaraie MR RESEs i BimaLS %o o0 Ruf PEEFRLARREL o0 mpp. yrtinply

t her eof . p&f@dilye&um; Iwloi £ mmoafhdbydrsddit dinmetl lis téfenedadsvibatratik nbdminfes dhe t he
prior ar Erogso{ - Tals M@g%?g&gg 80 180k, ye%ng none conpounds. Preference is

given to m xtures nore sol vent Conponents since such sol vent
m xtures are best able to take account of the different solubility

propesti efe %01@6M@QHW%1%%E% liHlﬁE‘éd%‘&H‘thlQi@ﬁalc&gPQ ﬁﬁﬁﬁfy
whi ch e rrentl are mxtures yl napht hal ene an al cohol ,
1 o net hﬁi’FrYéfi‘}ﬁfl W@ ligyud pasﬁ%maw@aﬂzep%ﬁ t}lankgnea@%pasaﬂsew ﬁﬁdym kyI

phosphat engaQrphﬁ&t mﬂenﬁﬁm ﬂ@écﬁx@ Qhe ligid afhe tg\x‘éaﬁfretﬁe ahuh@l WidthPhoepddee For AS

cat al yst ssihle.to. S r0 h rior
ort g LS pind Gts FissBrtRoe fom bt o elo 03 FEY st s/t BBk a
di sti nct diemetess mmherdmge\imm11<5415nﬁmmn©optadalcat al yst and supported

cat a%(ysts Cat al ysts used are netals, preferably noble netals. Unsupported
catal'ysts which can be used for the purposes of the process of the present

i nvent i ol Biseway, higheraspaceftime zigkistdare @bipinadpthen [in copventiengdaiepgelisciomals e.

Pref er eng@périidal iAo deRatioh HarthrakhiRsB confjdthgdn pal I adi um cobal t, ni ckel

or rutheniumor a mxture of two or nore thereof; particular preference i's
given to using rutheniumas catal yst. Anbng 20 the netals of transition
groups | Fatte Yulposds dihihe %édeﬁ’db@céﬁ@bﬂhe h\ybio(gbnamn skepkie Wesicralie carsied oas at

nsUApor 68 S8hALY 36 T0C, SERIK LS8k 30R5 S SriD pRLIS! Bliey B Sleer ence

usi ng I um Her ror &, P %o use
met aI sagetnsradib’fmab@tslugﬂoet@rrmdqrabm&mhfab@ets?tod@d?;?er chrom des, zinc
chrom des, nickel oxides, nolybdenum oxi des, al um num oxides, r heni um
oxi des and Z|nc oxides as catalysts for the purposes of 23 the process of
“the pr esEhf hydiogenatiomcambecasriadhewt ysinggithenpws hydjoggn enp hyirogen-eoripaHE on
cat al ystgas. These consi st of support particles which are coated with netal s,
pref3e0rab y noble nmetals. Active netals which can be used for such catal ysts
are,”in principle, all nmetals of transition: group VIIlI of the 30 Periodic
Tabl e. Hse hydrogenatien ds gengraléf eareiad @ui ® gicosversion wdifign pbati UM 70%oidi um
pal | adi or nore thereof;
part 1 cul SieriBaphibuc RLhEt sdtbedey 48 WOl B0dme bl b et'al - Among
the netals of transition groups | and VII of the Periodic Tabl e which can

l'i kew sergd ﬂenﬁean uirﬂm@rdoﬂﬁ)b%@' inPedL P PRACIHIS, Al ¥AMrdqQinéhié REm edmr
and/ or rheni um t hou is_possible in %(#nch ge to, use upport
mat éi alad k%mmévor@atwaahy BEthEGIIaNe (SPBIPARRGT Whic b us ﬁ‘ﬁ
act i vat eghtlgagiiashe rﬁ'bbésﬁ @6r p@p&ir@hyd@égémpewmw Mﬂua@lmmmuudés whxchl con
di oxi de, ar}: Ip%e? ralgjly useé) %( dtﬁe przolcgscsorytllljenf)rgsent 1nvehtxon % lkl)man%.raqui‘ongrllenscﬁch

as 2-ethyl-, 2-tert-butyl-, 2-amyl-, 2-methyl-, 2-butyl-, 2-isopropyl-, 2-sec-butyl- or
2-sec-amylanthraquinone and polyalkylanthraquinones such as 1,3-diethylanthraquinone,



& 2 6-Atl~ ~ oxide, calciumcarbonate, %arl um sul fate or m xtures t?grmf
nore preéeferably al um num oxi de and zirconi um di oxi de. The active
cont ent & 3-tiheetbylppthrdqathotie,s hérkmethyathadqsiaews &g7- dﬁnc{jﬁﬂaﬁm}dqufomemxﬂbout

0.0 % b b f ()
\?Ie hIL Ea(rlii Hﬁgtﬁ%’t’%? l/jon%ﬁg\é@?t?%%déoﬁﬂﬁlfae%’%io Oé&g]%db agﬁt YRE 1 2, ni;fxgg%%o cté{vg’e/ Thased

on the t onere thazegfht of the catal yst used. In the process of the present
invention, the catalyst particles have an increased relative 1 o notion
opposite the | i qui d phase because they experience braking relative to the
sur r ofndiSedvent wWhish cembeivsasiare all theesoleentoknaypefiomghe prer arh forrrattyaquitng

br aki ng I I I

br 1 of et e . B e AR pubitn 'ﬁ%f@@&r%%fess
of the prcegl@ﬁtlemwéwm%ﬁh spivepis rrwslsqsmré hest akle ta yalge Aeroynt of dhe/ﬂ erent

parti cl esoh@Hith Jprdpéraad dPaddthiah & §hez%n@fa[ftlﬁr‘aﬁ%ﬂ fohet SodpHiRd P%xfajn’iﬂé arly
preferablgfro%g%g t h nm)re ferale(g'Q or$100085t(§0 1

5. nm
Wth theVhiflh gRa% ubg d&@tmi p&r RIRfUFes, OF S DY ida algng t g gwngl \aeqhebd
resulips m?&nﬁﬁ@mMmeam lt&rd&lﬁ%ﬂeﬁepmhl@méﬁpbﬁﬁrﬁf anl ealkor btAas@@hsteI; L&r: on
as a result i ng LNt erna ittings. aresult,
20 si gni f?é@ﬂ?ﬁl@'ﬁ%ﬁ I’ettrgb r?ﬁ?@%ﬁgl Spe achi eved. It has been
found experinmentally that even a | ow rel atl ve notion of the catal yst
articles O t | eads
Ito o accel %a{maq%ﬁ ?[k essglt"elgg |kl %enﬁl %%%'% %?{ ehsq{ﬁlow?m%h%n‘% %rs o%nd atgﬁceal
within tHer aéasneoslonqroqcemhg:tlimvgytmdwétoarﬁd blgcke A Idmtmpn@n lspnude bewreehe in
t he fior n of
bl ast e o @I’%I*@‘I’;a‘?%ﬂ%%%?%ﬁﬁw SofilsRncan f%‘%%%?%%ﬁ?? A
el ement aectils Hnsuppeted goiakystsVNER Gan Beaiseqd for the purrases obith p@cgwrfethm c

form fr Pesemsavédt@hlawalpmeea@ d&f&ﬁldsﬁi@ntg@@dmnpemhe $eﬁbdleq%1en Qréﬂax@ﬁ'&r{& S,
ar e

whi ch of th t

Tosh pacEBd R TETaR ) es TREy PAARF. S0 SR STRihephma 7 SRk Eip fever

for carrywogr aure theeeqi] partisslanprefdrencerie garh to nsieg rutheniuthes @tadkstngmohgve a

hydr gul i t f (EWA 2 to
10, 2l AR SR LSS 1M VI BE PPt ante WHich Cothi®huding "

d| sti| | aBs gnsupporisd catelysisrandeseh dikewise. allibe @sqﬁelgrprplamlﬁ:, gfeafrr@e paetveB e ar | y

advant agggus - coaﬁursdnaﬁ)r I?ﬁ&ﬁmabﬁah%%w%s%gélm@fto h&em%téf @ﬁwémle@%cmot
foll ow t he Ehanne s, fornmed but enetrat es t he .nmesh vvever

for the prpeyE®m svlfides ?ﬂRPébsCQIQSI“ Ehezips e@é?ff“%%v’élﬁlﬁloﬂ’“d% melybieny

possi bl eok@eﬂsa@urﬁﬁﬁlhi ﬂﬂaesmﬂfi’@mﬁﬁ ofidee andeitRoxides ik tadlysts foelkliesplirposes of
Fg m::a(I::)e e teer af in ﬁ’l ace of mesh packings. Further suitable

pack spéa 5?8 A¥esHBLAvent Bet s, preferably w thout perforations or

ot her Iarge openi ngs, for exarrpl e correspondl ng to the types Montz B 1 or

Sul zer MpldraRate J;gso 4 Vam% O;{I}g&ﬁ' fiflfen nsiddf cﬁmm'%es@a&dﬂsﬁg%f%p,sm type

7 Montz BSH, are ese peni ngs such a

perforat pajiisles ayhich éretf@at@éwﬂam%mraﬁe@bw §‘h‘ﬁ? metahaew@/& getgls ‘&@%6@“ f or
sui tabl I bé Yus€d fér PabkiAflyb9raré,nia pdIgIe £ 8ll GhethldfPEASRIN ErowpVIIDRfitke NOt

H 3 X%&bﬂém%higsgcznev% g‘feta? egrle?qunc%r 1swggfte1q Stom:lsfr:lg a&%ﬁk&mavrﬁoé abI e for
palladlum cobalt, nickel or ruthenium or a mixture of two or more thereof; partlcular
preference is given to using ruthenium as active metal. Among the metals of transition
groups I and VII of the Periodic Table which can likewise all be used in principle,
preference is given to using copper and/or rhenium.

35

Although it is possible in principle to use all support materials known for catalyst
production, preference is given to using activated carbon, silicon carbide, aluminum oxide,
silicon oxide, silicon dioxide, titanium dioxide, zirconium dioxide, magnesium oxide, zinc



2 6 AUG In the process of the present ibventi on, the working solutiod Eamgm
the gas phase are preferably passed through openings or channels whose wal
mat eri al sxidavenl&hf @¢kordafl HARERSEIfated ol Hﬁxt[z?&@gﬁeééﬂ) mdde })réf@ra%ﬁl hlufBRum
preferably from0.5.to S times, the mean particle Size of the ‘suspended

cat al ysto%‘QFtaP‘éF%%oml‘FﬁéhQ@%hem ng of the openings or channel 1 o walls
effects particularly good braking and thus relative notion of the suspended
catal yst, particles. These resu hel d briefly, on the surfaces
o Tt TR IR ABirh oh e APRRIYCTRB GF PSS IKhE Bepeiali 1o Shw The
prefesred, 0r1 aughoes30% byt Weighttpeéfeablyusonm stepeodd tbl’hbbht‘ES‘Vd’lbiy We@gmlaneaﬁe on

the size_of. the.suspen atal,yst t.i cl

process 8? ipplar 8?3%%?&ug§ﬁlv§)n$[ﬁ’o%c Wﬂ%g{ %r%&h&asggtaﬁ?c{%%wﬁ %e’ght e
hydr ogeneatalystaisad.ng gas phase are preferably passed through openings or
channel s having netallic wall materials whose surfaces have a nean
roughness Ra in accordance with DIN 4768/1 of from0.001 to 0.01 mm Such
net al sulf teeprocess dfehpmockesetvertion, shanpthlyst patichehaed an rivereasedtrelative
stee|s, fn%ﬁoﬁxﬁg%lsﬁe @Qtﬁ@ﬁid(ﬁ%grbéhuyothe 1'6%%6@1 ce 'B}alaﬂ OXYARR £ the

at nosphere h s n macr oscopr c mcr osco i ¢ roughnesses
whi ch ar @ireFunding; werking sqlikon iy Hesasrons openingsrandeshannely chhis brakimheappecess

of the péae@@dtbomragemhﬁ@ng WitR fief &taﬁhélywﬁ&rm%wmettmembﬂ@het;t&nétegw d

phase t hrou itting having openings and ‘channels at an enpty tube
vel oci t y'% %gﬂaﬁvlrﬁ“égﬁﬁ‘?ﬂ 25 50 to 300 nB/nRh, preferably from 150 to 200

B8/ nZh. The enpty tube vel OC|ty of the gas phase is preferably fromO0.15 to
8.5 t I f f th
o osEht TR et 28 e, BreSeRtetion: 0% moribS uSige SForBneeH GRS BREE 1o
react or havinga oiganpadivldsiag of fromh(éomle@ei‘lmm rpagtivhilaoly, prefeeatiy foog@0at kon of
the anthjg ”?rﬂﬁe g:?é}“é’x%@ﬁﬁofnaﬁ% %%rﬁﬁf‘\?ﬁh%&ir h%%e @fac&yaﬁ’é‘a o ﬁﬁ‘gbfrom

t he prl or ar uspensi on reac 1 oNns, . eactors,
col umms, Volewienthesroparielgs g@resgoosiuwltsw@wc §heyna1¢ i tft]ttiever matiew pppesite the i r r ed

;/Ietstsle:]ssw(tggqtgt@olﬁ%@ 29h Rodl bf pRGingesRaleh hE%.A0ARARREIRRL. 1AV ehal

i xed directly rr haff and can ta over
at PO TER w?}&fyt hlagert $RECE- e YiEHS 6 afm esapﬁwé gtf-'e@f unf YPEfRFIS Eyneu ly
act as bﬂntaf é\eest a [ohereRitioy esteRardf liedcdtaly strpagticldsi drtai baghiing b€ balyabinyal bpdrt ot
necessar| Rl when enployed in stirred

vessel s. ﬁgta ygggz%xﬂglefgaﬁ gqfaecf Bﬁa\}{’%F??ﬂ‘Srr chltonbubbl e colum tHhrough which

the reactants preferably flowin cocurrent fromthe bottom upward. Another

pref erregyy mqa%hatlxg% Eﬁm Q?%%liﬂe?s Withir e RlaBrof bt b&ﬁ&?ﬁuﬁ%%ﬁé Qartidy Wﬂ: ch

t he i nternal frttings, are %gcomm dated in t ivid

t ube®. TRaterighphasst san éflérﬁ‘slgﬁblml ﬁf/vat\?ﬁd@d’g ttﬁiisam%lﬁc%roﬂeﬁ'cégﬁ APERt from

the bot tsrefedsbiardd. lemtteeg polinireidlage bynﬁelﬁﬁtlﬂee&@ingrorl Geramis) bf edpakagel in
WhIChth i nternal it %gg arelnte@rate into t

stirrer SSCHBCRAS 13 4 F Y HEWVR Q8 PRRGES -6y 1 ﬁ?%d?ﬁ?tﬁggegﬁt?%rtcaﬁd% BPR t he
wor ki ng distilidtionror @mttadtivl tgeimopdpys Buchipaekngsglemetrts) v«z.tat:}abffszt theeadwantage efan be

i ntroduc, e 2 S r S

(sedi mort 10f esSSRTBh CateDfor AR, Vi TRRRE pRUIGUS OO e PR PSS

fi | t30at | SHzerB%, REawd Fide @\medfoaqwewysr@gutah@nrom osshetmese@uwenm the

separ at l;syakﬁt%t; ReESa h{,&%ul%am%teﬁer WHaéh Qesijgrﬁﬁdahﬂ?tdsﬁﬂl}%y ﬁqfat%xeoff frbhredoi on.

In the ¢ aco ous reaction, K Gross %Wffu frgt n has been. f ound

to be pak ,,sgg@ ler; thgn H@épgpompargb g integal flttmgs in the field of distilfation or extraction
technology. Wire mesh packings are partlcularly advantageous. This is presumably
because part of the suspension does not follow the channels formed but penetrates through

35 the mesh. However, for the purposes of the process of the present invention, it is also

possible to use packings made of other woven, knitted or felted, liquid-permeable materials
in place of mesh packings. Further suitable packings used are flat metal sheets, preferably
without perforations or other large openings, for example corresponding to the types
Montz B1 or Sulzer Mellapak. Expanded metal packings, for example, packings of the type
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I'N thHe followi ng the present invention is described in detail One examalfeAUs 208
IS an experinental arrangenent neerporating a discontinously op.. crated
doubl e chlontmBSHaertealsa aduwhtagbotaslmﬂesﬁ fooedpdnyngsisaclp ae perfivrationseldve e be her e

' bl e t he, di st | ti
packi ng S 2EpIOE e AT B AP ELC e ARG o b bR i ng
suspendeef thapedsguttinventivnds not itx g@dmtlefdbwtl the $iz¢d ofrqpemnlge off madths of channels .
hydrogena\pdg%lglf&l ﬂ(%vgﬁ&eﬁ%?ﬁﬁg.' s fed via a connection line and is mixed in

a mxing nozzle w pénsi on being punped around the circuit and
thisSmxture is introduced into the reaction at its |ower end The

suspensi pNopRIEREES id Draidst n@eﬁﬂ]&p hge %&deegogalhh@n raﬁactth@rgéé' | Phae 'awe and

passed to the separ ation'vessel From'there as 'S asse oug
wast e gaRreteslerpassrd Hhrquah pregings eornﬁhﬁméhaw@esedém lcénatmfés thﬁé‘e v@lsfiaee gas

l'i ne TherospBRARSE iANthe eRszel from ¢.heo JORARAL bﬁ:‘fer‘d@l?sﬁém\ﬂ 8 t8 5%8A6)6hd megm t0 a
punp, a heat, excha r ozzl e and.furthéer to the reactor fte{ t he
re- actilftfls ses&@?r&%amﬁ@ stialyshaarins I haravehening of the pRAtEsYor channeg
Anlotlroer wxlaerr@ﬂfd &td parlﬁlcﬂﬁﬂylg@ud’lb‘idldng)ﬁhﬁf ﬁmed%}a@wmaum [ t}ibaﬁispétﬁi‘édWQﬂag@t
colum is itlhonally s e [ a ur

rr cul e g TR o e BRanePetiie Rty oy walsurditap dhaigFedbipysnce a

m xed bydaimabe;om‘ re;aur2mgntioxtha dignialzstteam. fAthe pretferrsahsqmghsessm%c cimtersal me¢dng

ci rcul at e . h ' H‘t line to the
separati o e@/-%slge#é ?‘#Ev\}\%ag%h{eh@ téggﬁéﬁggﬂggu%%ﬁgfa?a\{éﬁ 1ch§ di scharged vi a
third line To elimnate the accunul ation of gasesous inpurities,a substream

of this EatelRoteaRNnaf {Jro\ééﬁ 8f fthd tcﬁ?esleﬁtn%\)ehp tﬁl% Cv%rklﬂé‘ lg&d}ﬁ,&frﬁl | , qu| d

retured to the reéactor he reactor via a fdurth I'ine’line
wor ki ng 1ysregentGoptpiniag igas phase @eipieiesatln dagsed thrpegh @mmgﬁ@r

cat al ystipetaRiteivag rhﬂehﬂ@ wnosea@trmessmteeﬁnxﬁ@anaroeghhhéssqi ﬁxeh&for&ew vHﬁaCk by

et T O A IR, RN TR
I N case Wftheasd] treaanentafstesld, Hohé>gimpke Kianthh! (Matetialddo.t 0. %Vphnbhexymct or

" ) Stk Beachls, % BE o LA AO ROl shBld 1ANALURE SO g

exchanger a Sestu I'’ngs ar
arranged fph@vmﬁmtheemm@fﬂmrmvm@mw described can be oroitl ed 2 6
AUG 2002 - ~:; r~ . in this enbodinment It can be retained to take on
functi on _of rgi‘:epsr rt]eater at .t he negqi nn|n of the reaction if action

if the r ke Presetpansign & PiETciplIN capindant byrRassing dhy W‘Gﬂ’ﬁ?ﬁﬁe
remai ni nfropgh tte fifingaaPRddopeRingd @R casndiSa ankathtp tebe wilsdity. of from .about

25 50 to 300 m*/m’h, preferably from 150 to 200 m*/m?h. The empty tube velocity of the gas
phase is preferably from 0.15 to 8.5 cm/s, particularly preferably from 2.5 to 5.5 cm/s.

The process of the present invention can be carried out continuously or batchwise.

30 The reactor in which, according to the present invention, the hydrogenation of the
anthraquinone compounds takes place can be any reactor type known from the prior art for
suspension reactions, e.g. jet nozzle reactors, bubble columns, moving-bed reactors, tube
reactors, multitube reactors and stirred vessels. In the case of a stirred vessel, the above-
described internal fittings can also be fixed directly to the stirrer shaft and can take over at

35  least part of the function of a stirrer. They can also additionally act as baffles. The above-
described internal fittings preferably but not necessarily fill the entire reactor, except when
employed in stirred vessels. The reactor is preferably an upright bubble column through
which the reactants preferably flow in cocurrent from the bottom upward. Another
preferred reactor type is a heatable or coolable multitube reactor in which the internal
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9 20 The further details described in DE-A 196 11 976 with regard to?tgh)s 2002
reactor, the process procedure, the exPerlnentaI arrangenent, the catal yst

used and ffHRES e REGFIBI TR TS thesiadivigal (Pbahalhsgsacpyts Prelerablycow dhoust t he
process @fis rbRtdri8SRhrrbMVEPhI BB -bokbs w\@a&@nknbmﬁ@&nm tﬁ;e'df' readtoisesl by

t he exanpl.e bel o MPLE The batchw se hy t]
2- et hyl aﬁftuﬁ?fg %'fcsw?lec é@tﬁ@ﬁbfte hngwrﬁﬂm@ﬁfateﬁ ugf@ %fﬂgwd{%rﬁﬂgﬁm yl urea
(70:30)) was carrled out at SOC and anbi ent pressure both in a conventlonal

1 1 stirred vessel fitted a, t hree-bl aded ar g stirrer 00 rp

and af so ThR EACHULE daGiBh r(lamsi%ﬂgrﬁ ngriaking ofhie ‘ngRH’r%eio t5onpﬁwgagas wi t h
mesh packh#@. As suspension catal yst, use was nade of 1.5 g of Pd on

al um num oxi de (Pd content: S% . The anpunt of working solution used was in
both cases 650 m. 35 a) Stirred vessel: hydrogenation was carried out for
g total Qhe %uﬂﬁﬂdai céziélfygt[]rr@teh@ﬁé@ bﬁ%odhcddhmd?%@taﬁyédaw%amuwmeny;sfsd had
een converted i et t hr ro e term.n means gas
chr ot ofFuBYy. EehiES o R FAIRERBbhFe B0I AlFeoRy GRS fon

was ctarr fieatiout for a total of 3 hours. After 3 hours, 65% of the

2- et hyl ant hr aqui none used had been converted into 2-ethyl ant hrahydroqui none
(determ ned by gas chromat ography). 2 6 At1 G ?002 W claim s 1. A
process fbe sespendndsisdids ensepgutedgmndy itemcusfonzaty aspanatiguietbods, fomgxemple or a
i xtur e 955 bYP (il B LOSHEHiuhilor? ThEAE QL o MBORMLbBCLECAEE BORIBW e

wor ki n utron In east one catal yst is suspended and, In

addi t i onfiltzatiepdhas bran fﬂ?@“d:t?nb@amﬁl%arbaléseﬁhase, wherein the working sol ution
and the gas phase are, in the reactor, passed at |east partly through a

fitting having openings or channels whose hydraulic dianeter is fromO0.5 to
20 mm 2. A process as clained in claiml, wherein suspended catal yst
particles having a 15 nean particle size of fromO0.0001 to 2 nm are used.

3. A process as clainmed in claim1l or 2, wherein the fitting having

openi ngs or channels which is used is a bed, a knitted article, an
open-cel l ed foam or a packing



element. 20 4. A process as clained in any of the preceding clains, mg ﬁhﬁT
t he worki ng solution and the gas phase are at | east partly passed t Hr ﬁg -
openi ngs or channels whose wall nmaterials have surface roughnesses in the
range fromO0.1 to 10 tines the nmean particle size of the suspended catal yst
particles. 25 5. A process as clainmed in any of the preceding clains,
wherein the working solution and the gas phase are passed through openings

or channel s hayving.gt.al 1 v\@JﬂI 165 1 S, W9 e s faces- have a nmean
roughness Re in %R L T R B b ey 001 to 0,01 mm. 30 6.

A process as clained in any of t he precedl ng cI ai ns, wherein the wor ki ng
solution is passed t rou h the fi tg havi,ng openi ngs annel s at an

enpty tube vefGEETYROE '§F Fﬁ‘”§6mtﬁ8“ RETHER g AREE p’“‘fﬁ%‘fﬂui G 0 200

B/ nZh. 35 7. oA REBBSTuBS:CFalr et arays;fef:,ﬁ. bey ’Efej(jﬁbﬂzlnﬂgnﬁhﬁbﬂﬁan wher ei n
t he reactor is a preferably upright bubble col urm. 12 " ~s ~j~ 8. A

process asScl ¥ ABE\EH anyshPuEie PReTedionyy Wi G valblsr & Aettighidattor is a
heat abl e or g%&& a}tl%'rl Bt uhe 8 gt, e ¥ e'r"euch«evc%.wgf sg\ﬁu&avdangmf) eni ngs

or channel s i ' “the T ndi vi dual "'t ub rocess as clained
in any of thesppeskdidagista fiv invbédet vid hélingadtcoMhe $; va‘ogﬁ&rl ¢hednivgssel and
the fitting having the openi ngs or chann Is IS |nte rated jnto the baffles

and/ or the st lﬁﬁ‘r@r‘ée 1516 ViR ’p‘i’"@‘EE‘é@“a’?’éﬂ‘ Pigde B ’a’?‘H/ 1% "EHKE BB B ng

clai ms, wherei aymaehaa& phsia 5&%@% 18 Pclif .SHPROKL RG-S SRRASERANuGARA! VSt .
11. A process as clained in claim10, wherein the supported suspension

catal yst 18 cowred 2nitt bpveer et alheohsinensins iaseoar wite gps Wl dischaged Fempbe | odi ¢

Table. .A A{] éa’fé AL f?ﬁ%ﬁﬁg]m ted 91§n$c 1A§w TMWA@ BN, oqt | e

gl w rrhc"Y] ca calc aJca cal ca
al] ca] ca] ca] ca}roagica]mat} c;za} cai]aa}nda}cm]@ma}v@mﬁa}wﬁa]mm hMvuste ky BO

<I'l'l}xsnid_Z]]cal.ca ca cal ca al ca caJcajca]c

al ca% c a] ca] ]cgrftitft!’;]ﬁ aje Fi”éJgPé]é’f"t }"3 ‘* LE} w%»;_ “‘f} M%@El{ 1 Jealcal
<<><F<°@\BBF?E\C?;X§ R4 ZEl@8¢C u mining nozzle and further w thie reactor, After mc re-

a] cal ca] ca] ca ca] ca] ca] ca] ca] ca] ca] ca] ca] cal ca] ca] ca)ca)calca]ca]ca]ca]c

a] ca] ca] caf caleiaria FeFPiecil g SRk IVMINEBEOE PP PRRK O ORRR=S>SSSS| wr nhc Y] ca]

ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]cal]c

Another exampie is 8 vontinuousty opesaled double column with packings, which
colhwmm ts addinionally suppliedé via z hird znd lourth fine with circulating gas
which, together with a hydrogen-contataing tresh gas s wixed by means of a
20 muxing nozzle into the suepeneion which 15 being circulaled. The cutpot from the
reactor 1s passed viz a firs. lve 1o the separaicn vessel in whick the gas phases
separated T aad discharped via a (hird tine To elrminate the avcumulation of
paseous impurities, & substream of this gas is takea off viz a Afh Tise and the re-
maining gas is reluried to the reactor vin & fourth tine, Only liquid workieg solu-
25 tion is imtroduced wia the filling line The suspended cotabysis remains in the re-
actor cysiern as 2 "esult of buizg Ju ld budd by imeans of 2 croseflow filter and only

calalyst-free liquid leaviryg and being taken off.

A further example is an emoodiment which iy vreizrably employed in case of fast
30 reactions with high heal of reaction iy which the reactor bas the configiration of a
shedl-amnd-tube heat exchangsr and comonrises bz tandics i whsch wire mesh

packings are arvanged, The heat eachianger a8 previously deseribed 2on be omitted
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20  The further details described in DE-A 196 11 976 with regard to the reactor, the process
procedure, the experimental arrangement, the catalyst used and the packing elements used
apply analogously in the context of the process of the present invention.

The present invention is illustrated by the example below:
25

EXAMPLE

The batchwise hydrogenation of 2-ethylanthraquinone (13% strength solution' in
30 Shellsol/tetrabut}'rlurea (70:30)) was carried out at 30°C and ambient pressure both in a
conventional 11 stirred vessel fitted with a three-bladed sparging stirrer (1000 rpm) and
also in a bubble column (400 mm high, 40 mm in diameter) provided with mesh packing.
As suspension catalyst, use was made of 1.5 g of Pd on aluminum oxide (Pd content: 5%).

The amount of working solution used was in both cases 650 ml.

a) Stirred vessel: hydrogenation was carried out for a total of 3 hours. After 3 hours,
50% of the 2-ethylanthraquinone used had been converted into
2-ethylanthrahydroquinone (determined by means of gas chromatography).
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5

1. A process for the suspension hydrogenation of an anthraquinone compound or a
mixture of two or more thereof in a reactor in which there are present the working
solution in which at least one catalyst is suspended and, in addition, a hydrogen-

10 containing gas phase, wherein the working solution and the gas phase are, in the
reactor, passed at least partly through a fitting having openings or channels whose
hydraulic diameter is from 0.5 to 20 mm.

2. A process as claimed in claim I, wherein suspended catalyst particles having a
15 mean particle size of from 0.0001 to 2 mm are used.

3. A process as claimed in claim 1 or 2, wherein the fitting having openings or
channels which is used is a bed, a knitted article, an open-celled foam or a packing
element.

20

4. A process as claimed in any of the preceding claims, wherein the working solution
and the gas phase are at least partly passed through openings or channels whose
wall materials have surface roughnesses in the range from 0.1 to 10 times the mean
particle size of the suspended catalyst particles.

25

5. A process as claimed in any of the preceding claims, wherein the working solution
and the gas phase are passed through openings or channels having metallic wall
materials whose surfaces have a mean roughness R, in accordance with DIN 4768/1
of from 0.001 to 0.01 mm.

30 '

6. A process as claimed in any of the preceding claims, wherein the working solution
is passed through the fitting having openings or channels at an empty tube velocity
of from 50 to 300 m*/mh, preferably from 150 to 200 m*/m’h.

35 7. A process as claimed in any of the preceding claims, wherein the reactor is a

preferably upright bubble column.
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11. A process as claimed in claim 10, wherein the supported suspension catalyst is

coated with a metal of transition group VIII of the Periodic Table.



