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The present invention relates to a process for the suspension hydrogenation of
anthraquinone compounds in a special reactor for preparing hydrogen peroxide by the
anthraquinone process. In the hydrogenation process of the present invention, an

15  anthraquinone compound or a mixture of two or more thereof are brought into contact with
a suspension catalyst and a hydrogen-containing gas phase in a special reactor 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 the 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:
' o
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30
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This catal ytic hydrogenation can be carried out in suspension or in a fixed
bed in var %Il)gmgnceyof a cgtalyst to form the corresponding anthr ydroquinone compound.

The present invention relates to this hydrogenation step of the anthraquinone process.

15 This catalytic hydrogenation can be carried out in suspension or in a fixed bed in various
types of reactor. The prior art is detailed, for example, in EP 0 672 617.

In a fixed-bed process, the hydrogen-containing gas phase and the working solution are
passed in cocurrent or countercurrent through a reactor which is charged with a supported
20  catalyst coated with noble metal. The catalyst used loses activity over time and therefore
has to be regenerated or replaced. For this purpose, the fixed-bed catalyst first has to be
removed from the reactor and fresh or regenerated catalyst has to be installed. This is very

time-consuming and expensive.

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 out 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
Ulimanns Enzyklopidie 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 Enzyklopédie der technischen Chemie, 4th Edition,
Volume 17, pp. 700-702. These include stirred vessels, bubble columns and moving bed

reactors.
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15 into the lower part of each tube leads to upward flow of the working solution in the tubes.
The catalyst used is a supported, palladium suspension catalyst (e.g. 2% of Pd on activated
aluminum oxide).

The basic problem in suspension reactions is to ensure sufficient contact of the reactants
20  with the catalyst particles which are suspended in the liquid phase.

Suspension reactors require the introduction of mechanical energy, which is, for example,
introduced by means of stirrers, nozzles or rising gas bubbles, to suspend the solid
particles. Increasing this mechanical energy input above that required for suspension leads,

25  however, to no appreciable improvement in the mass transfer between the liquid and the
suspended solid particles since the achievable relative velocity exceeds the sedimentation
velocity only insignificantly.

A decisive factor for economical operation of an anthraquinone process is a high space-
30  time yield in the hydrogenation step.

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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the viscosity of the liquid passed through, the size of the suspended particles and the type

of gas phase. The more viscous the liquid, the greater the channel widths have to be. For

liquids having dynamic viscosities of from 10 x 10 to 200 x 10 standard s/m?, hydraulic

diameters in the range from 1 to 4.5 mm are optimal.

20
In this way, higher space-time yields are obtained than in conventional reactors for the
suspension hydrogenation of anthraquinone compounds.

For the purposes of the present process, the hydrogenation step is generally carried out at
25 from about 20 to 120°C, preferably from about 30 to 80°C. The pressures employed are
generally from about 1 to 20 bar, preferably from about 2 to 10 bar.

The hydrogenation can be carried out using either pure hydrogen or a hydrogen-containing
gas. '

30
The hydrogenation is generally carried out to a conversion of from about 50 to 70% in
order to achieve a higher selectivity of, in general, >90%, preferably >95%.

The term "anthraquinone compound” includes, in principle, all anthraquinone compounds
35 and the corresponding tetrahydroanthraquinone compounds which can be used for the
anthraquinone process for preparing hydrogen peroxide. Anthraquinone compounds which
are preferably used for the process of the present invention are 2-alkylanthraquionone such
as 2-ethyl-, 2-tert-butyl-, 2-amyl-, 2-methyl-, 2-butyl-, 2-isopropyl-, 2-sec-butyl- or
2-sec-amylanthraquinone and polyalkylanthraguinones such as 1,3-diethylanthraquinone,
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metals. Unsupported catalysts which can be used for the purposes of the process of the
present invention are all metals of transition group VIII of the Periodic Table. Preference is
given to using platinum, rhodium, palladium, cobalt, nickel or ruthenium or a mixture of
two or more thereof; particular preference is given to using ruthenium as catalyst. Among
20  the metals of transition groups I and VII of the Periodic Table which can likewise be used
as unsupported catalysts and can likewise all be used in principle, preference is given to
using copper and/or rhenium. Furthermore, it is possible to use metal salts or oxides such
as thenium sulfides, copper chromides, zinc chromides, nickel oxides, molybdenum
oxides, aluminum oxides, thenium oxides and zinc oxides as catalysts for the purposes of
25  the process of the present invention.

Preference is given to using supported suspension catalysts. These consist of support
particles which are coated with metals, preferably noble metals. Active metals which can
be used for such catalysts are, in principle, all metals of transition group VIII of the
30 Periodic Table. As active metals, preference is given to using platinum, rhodium,
palladium, cobalt, nickel or ruthenium or a mixture of two or more thereof; particular
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
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having a mean particle size of from 0.0001 to 2 mm, particularly preferably from 0.001 to
0.1 mm, more preferably from 0.005 to 0.05 mm. With their high surface area per unit
volume, these particles give good results because they are in relative motion opposite the
working solution as a result of passing through the narrow internal fittings. As a result,
significantly higher space-time yields can be achieved. It has been found experimentally
that even a low relative motion of the catalyst particles or a braking of only a small part of
the catalyst particles leads to acceleration of the reaction.

The fitting having openings or channels within the reactor for conducting the starting
material phase can be in the form of a bed, a knitted article, an open-celled foam,
preferably of plastic (e.g. polyurethane or melamine resin) or ceramics, or a packing
element as is already known in principle, i.e. in terms of its geometric form, from
distillation or extraction technology. Such packing elements, which offer the advantage of
a low pressure drop, are, for example, wire mesh packings of the types Montz A3 and
Sulzer BX, DX and EX. However, for carrying out the process of the present invention, the
packings have a hydraulic diameter which is significantly, usually by a factor of from 2 to
10, smaller than that of comparable internal fittings in the field of distillation or extraction
technology. Wire mesh packings are particularly advantageous. This is presumably
because part of the suspension does not follow the channels formed but penetrates through
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

raqul none
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by thermal treatment of steels, for example Kanthal (Material No.: 1.4767), in an oxygen
20  atmosphere. Thus, it is not only macroscopic but microscopic roughnesses which are
effective for the purposes of the present invention.

The process of the present invention is preferably carried out by passing the liquid phase

through the fitting having openings and channels at an empty tube velocity 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 crv/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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i ncreased filtation bias Hedn fourdito ba patipulaily esefide | i qui d phase because they
experi nce braking relative to the surroundi ng worki ng solution in

t he narrow openi ngs and channels. This braking can be caused both by
col | i si onsThe presenténvehtioméd desatibesl imndetdil withithe aideafehe ifaiowihg tfigeresaint thel es
on rﬁgkqlas;wa' | surfaces.

Figure 1: Experimental arrangement for batchwise hydrogenation of an anthraquinone
20 compound in a special bubble column )
Figure 2: Experimental arrangement for continuous hydrogenation of an
anthraquinone compound in a special bubble column
Figure 3; Experimental arrangement for continuous hydrogenation of an

anthraquinone compound in a special multitube reactor

25
Figure 1 shows, by way of example, an experimental arrangement incorporating a
discontinuously operated bubble column reactor 1 in which, as specified by the present
invention, there is arranged a mesh packing 2 whose geometry is comparable to the
distillation packing Sulzer BX. To carry out the reaction, the working solution containing

30  suspended cataly'st is first introduced via the filling line 3. The hydrogen-containing gas
phase is fed in via the connection line 4 and is mixed in a mixing nozzle 5 with suspension
being pumped around the circuit and this mixture is introduced into the reactor 1 at its
lower end. The suspension together with gas is discharged from the reactor via line 6 and is
passed to the separation vessel 7. From there the gas is passed through a waste gas cooler 8

35 and via a pressure maintenance device 9 into the waste gas line 10. The suspension goes
from the separation vessel 7 via line 11 to the pump 12, the heat exchanger 13, the mixing
nozzle 5 and further to the reactor 1. After the reaction is complete, the suspension is
drained via the take-off line 14.



15 1In the process of-the present inventPon, It is possible to use
suspended catal yst particles havi ng a nean particle size of from
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reactor f orlingd0cidtthe gerhdifingtoas i rRarR&l to tha treactoalvigphzes &6.cAmly Hguidworking or m

of a bed, a knitted article,,.a en-cel | ed < e
plastic (eS ﬁmB’E) FVBF@‘EW&&@’%IFME‘?@WW@%P%% cr%a%gs?}egl g%néﬁngfge, lfeg(gt&gé%tgc_ ?sna
el enent as resultalfriebalyg keldwack by preamcofid erossfloay filter 17 andwnlyf catalyst rhéluldg c

form from . d] St t extraction technol ogy. Such packi.ng
el errentlg, V\Iﬁil% v1r%raf5néirﬂe[ etg]g vog{;it age of a low pressure drop, are, for

exanple, wire nesh packings of the types Mntz A3 and 30 Sul zer BX, DX
and EX. HOWGMGL 3 shoks fdlemitloRth @i iidhiGs BIAIGEE oRipldyee iPleeas of Mitasidiens t he
a_hydraul i | a

packi ngs hav I aulic meter which 1s Significantly, usually by, a
factor of fWihe highcheat of reaefions imthissembogiment, the %?Ct@dnﬂg%%ﬁ |cgn$1gﬂr@¥qqa(¥fa
LL fs L i Bg S k! "3hé1hend-hudk ﬂeafexlsm?éﬂ dngfcbﬂ?riws t@detmgrnﬁ;ek ®8in which tvﬁﬁ-{;rlﬁedhqwkinw re
ckings are cyl ar adva eous...This.is .presu .
becausdpart S5 ATERGAG L dKE! EIAREEE b ORI HARERd BinRal Be CotHehinBys
p]ccante:] rates eh{libt Giagsnt. Ib card be_rétlﬁ_ﬁéﬂ toll'ialwmemhe functidrhef sppreheasersat dlie begnrim ’g)ofassf
o e presgent invention, .it.is, also. ROSS e o
ot her vvoveﬁge T?ﬁ?thnégh&rre?%?ttlé& bg ?%5’8}1%4 Blélyﬁ‘é@b+°§ll%1ti:r@r¢ il@ﬁ?cgﬂ% 2 %fﬁllgﬁ’ag?g’ce of
mesh packi 56, 7,0y 12)d4, Kandalf cermpspokd tythossindFigure 2f | at net al sheet s,

preferably wi t hout perforations or other |arge openings, for exanple

corresponding to the tlypes Montz Bl or Sul zer Mell apak. Expanded net al
packi ngs, flhe fostharpletails plesdcibed dn HE-AHQ6tIY RAT6 with regard to the reactor, he process
7

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&lurea (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.
35
a) Stirred vessel: hydrogenation was carried out for a total of 3 hours. After 3 hours,
50% of the 2-ethylanthraquinone wused had been converted into
2-ethylanthrahydroquinone (determined by means of gas chromatography).



Mant z BSH, are al'so advantageous. In thelfe too, openings such as
per f-orati ons have to be kept appropriately small. The deci sive aspect

for sui.tabjlity_of King for the pur : t .

nvent i on P noPasied thBGRsp iy hyfrogeBoR 338 Saied out fr & 08I B SIS Apr
channel s Ahaitsa659% T of the oRreithylaritraguinedengised Ipd been popvierfed pintess
of the present | I, . i _ j Bdthalt  phase are
preferably passgg%ﬁﬁfﬁnaﬂw%ggﬁ%%% &%%miﬁéﬁﬁtggcwhoséﬂﬁgﬁﬁénaterials have
surface roughnesses in the range fromO0.1 to 10 tines, preferably
fromO0.5 to 5 tinmes, the nmean particle size of the suspended cat al yst
particles. The rougheni ng of the openings or channel 10 wal |l s effects.
particularly good braking and thus relative notion of the suspended

cat al yst particles. These are presumably held briefly on the wal
surfaces so that they experience a del ay before returning to the
liquid stream The preferred roughness of the material used depends

in the individual case on the size of the suspended catal yst particles.
15 Furthernore, in the process of the present invention, the working

solution and the hydr ogen- cont ai ni ng gas phase are preferably passed
t hrough openi ngs or channel s havi ng nmetallic wall materials whose
surfaces have a nean roughness R err] in accordance with DIN 4768/ 1

of fromO0.001 to 0.01 mm Such nmetal surfaces can be produced, for exanple,
by thermal treatnent of steels, for exanple Kanthal (Material No.: 1.4767),
in an oxygen 20 at nosphere. Thus, it is not only macroscopi ¢ but

m croscopi ¢ roughnesses which are effective for the purposes of the
present invention. The process of the present invention is
preferably carried out by passing the |liquid phase t hrough the

fitting having openings and channels at an enpty tube velocity of from
about 25 50 to 300 nferr]/nmerr]lh, preferably from 150 to 200 nB/ n2h. The
enpty tube velocity of the gas phase is preferably fromO0.15 to 8.5
cm's, particularly preferably from2.5 to 5.5 cnis. The process of
the present invention can be carried out continuously or batchw se.



30 - The reactor i'n which, according to tlhe present invention, the
hydr dgenati on of the ant hr aqui none conpounds takes place can be any
reactor ‘type known fromthe prior art for suspensi on reactions, e.g.
j et nozzle reactors, bubble colums, noving-bed reactors, tube

reactors, multitube reactors and stirred vessels.
vessel, the above- described internal fittings can - _
di rectly to the stirrer shaft and can take over at 35 ’mg‘,”%ﬁiﬂ’m
function of a stirrer. They can al so Meiclaiomal |y act as M by
above- described internal fittings preferably but not necessarily fil
the entire reactor, except when enployed in stirred vessels. The
reactor is preferably an upright bubble colum through whi ch t he
reactants pyef erab;%rtscést T ne S lbﬁrhg,dlfo tfbtgeof%t ¥GHeTconffdBhd BF a

preferred reactor . type is a hea fit ereactor I n, whi ch
the internal mixture of two or more thereof in a reactor in which there are present thegworking

fittings are accelmsoimeshich at st 61l catatislis Susp@dled Ihe m%at@ﬂt@hpméar-abl y
flowthrough t.his reactor n co urreEt fromthe hottom a%hwar

Anot her 1&ui t abl eCQAIRING 825 QEESFOW FIEIn,Ine WOTKING  SOIUQRy at}@é]%"egaslﬁ’p hin the
internal fitti ng&aﬁbg pasic@ gt Rastchartht thrdugh adfdibg daviag dpatingstdrrohenrkels whese
The reactor has fa ull tdles tf or |nt699u§:dm%hand taki ng of f the working

sol ution and the 1c diame e suspended catal yst materi al
can be introduced and separ at ed of f again by means of customary

t echni ques 4sedi ki f t f | ow
G T o bonct Aot 98 A 14 CHAR. 1, Roherlih Sholdited LSt fRcPHAARL b
cust omaty separ ampmmlwagof @m%@@ﬂrmammareused at bed filtration or
candle filtration. In the case of a continuous reactlon crossfl ow

filtration has been found tq be part i cularly useful . The present
invention i3 des®riTResss iap chaimsd | invglaim {105 % wheseint fhe ﬁtBPgWWQ RcEmERSr | n
t he 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*/m?h, 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.



figures: Figure 1: Experi ment al2 ar rangement for batchw se
hydr'ogenati on of an ant hraqui none 20 conpound in a.specia
bubbl e ‘col ' Lo fel |4 ar e r uous
hydr-ogenat |L§onr: .? proéék@% QlaAmed in %ﬁ? or tﬁg%@c %‘qu%ﬁﬁ‘ghg’ﬁ%m {2 ﬁa&&nﬁ A
speci al bubbl e dmatahh or coolgblgumyltube reaEsop,emhmnﬂnl fittingr hﬂg@grmp@nmgs)ror

conti nuous hydrg Qﬁ[k‘?s[ ek ant hr aqui none
conmpound in a specia %al'tutl)%ﬁ{reé%%wg}mlfgbes Figure 1 shows, by way of
exanpl e, an experi nent al arrangerrent i ncor porating a di sconti nuously
oper at e buz‘:)ﬁl e A&ptdenn ars%ra@%;ed h % ﬂ%&&ﬁﬁ'&h&@in'@%{e EeH@toﬂJirs%%ﬁx%dbl

i nvention ere Is.arran a_nesh packi,n eonetry I-s onp rabl e
to the di styepsehard e gﬁ‘em h@n@mlf@pe@xg fis/wdmegfta ed ipto st he
wor ki ng sol uti orand/entiRistiires, 30 suspended catalyst is first int roduced Vi a
the filling line 3. The hydrogen-containi ng gas phase is fed in via

the connection line 4 and is mxed in a mxing nozzle 5 with suspension

bei ng punped. ar cu panEdseas claimed in arybfithé precédingicleinss whedeirottie catdlystised i@
reactor,1 at it e suspension together with gas is

di schar ged fromssfl?%ortrega BSISEQatTﬂP'%e 6 and is passed to the separation
vessel 7. Fromthere the gas is passed through a waste gas cooler 8 35 and

via a pressyre @'pfﬁc@%a&c@l | f€clgind ribowhpl%m"‘?ﬁ;s%egﬂ'ﬁﬁd dusfe %Qm cathiyst is

suspensi on goes separation vesse i ne e punp
12, the heat ex&ﬁ%@ﬁhf@e@]ﬁgtﬁpﬁmﬁ@gfoupVIH&)fﬁheeP%loéWdrablﬁther to t he

react or 1. After the reaction is conplete, the suspension is . dr ai ned
via the take-off |ine 14.
9 Figure 2 shows a continuously operated bubble colum 1 provid

wi t h packings 2, which col umm i s additional l’mm;ﬂﬂ I ﬂl,[ Il i nes 15
and 16 with ci rcuI ating gas which, together - cont ai ni ng

fresh gas 4, is mxed by neans of the m xing nozzle 5 into the*
suspension 11 which is being circulated. The output fromthe reactor is
passed via line 6 to



5 ¢ the separation vessel 7 in which the gas phase is separated off and

di scharged via line 15. To limt the accunul ati on of gaseous
inpurities, a substreamof this gas is taken off via line 10 and the
remgining gas is returned to the reactor via line 16. Only liquid working
solution is introduced via line 3. The suspended catalyst remains in the

reactor systemas a result of it being held back by neans of a
crossflow filter 17 and only catalyst-free liquid 10 14 |eaving and being
t aken of f. Figure 3 shows the Lpgent which is preferably

enpl oyed in the case of fast reactions Wi th a high heat of reaction;

in this ®enbodinent, the reactor 1 has the configuration of a )
shel | - and-tube heat exchanger and conprises tube bundles 18 in which wire

mesh packings 15 2 are arranged. The heat exchanger 8 shown in Figures 1
and 2 can b¥ BPrPEeseorithe syspension hydeeasaafionafian apthraguinope corapenndeer aBixtike on

t he Iuncjti Odtsf 8fo & ﬂbﬁﬂ_ﬂ@ie‘éf illixl'fa kﬁt?%xbﬁﬂwlfmh[tﬁe@‘;]are reser%t!'tﬁe -w%h??&ldﬁﬁmtiﬂedf
reactor is tp. be supplied only w ool,ant .., . The functions of .the parts 4,
5 6, 7, 10‘,’"ﬁ1fg at ‘%ﬁ‘g °E%C%ﬁé'5f11¥ sysppids ﬁﬁﬁdntaédlliﬂ X%FPQQPQCBPT@“QI.% gasqhaserh o

f urt her 10det the morkdag sslutienl and1thoigad\pHA6 afe] iDHE reactdt, pagal at léast phrdlytRaaglos

the processg,: rocedure, the experimental .rangenent , . t he t st used
and the pac%n% %Plgﬁe?ﬁegmﬁg 4 Chatif %Wfle ?X%ﬁa%%aéﬂg%ﬁﬁf Mt %mc%ﬁftgié%&fn’t he
process of prafergblyefemt] torlGemnj particularly prefefdbly fromdetn mmyvention is
illustrated by the exanple below 25 EXAMPLE The bat chw se
hydr ogenati on of 2-ethyl ant hraqui none (13% strength solution i.n 30

Shel | sol /tetrabutylurea (70:30)) was carried out at 30[err]C and anbi ent
pressure both in a conventional 11 stirred vessel fitted with a

t hree- bl aded sparging stirrer (1000 rpm and



T 973
al'so, in a bubble coluim (400 nm high, 40 nmin diameter) provided with nmesh

packi ng. As suspension catalyst, use was nmade of 1.5 g of Pd on
alum num oxi de (Pd content: 59%. The amount of working solution used
was » n both cases 650 m . 35 a) Stirred vessel : hydrogenati on was
carried out for a total of 3 hours. After 3 hours, 50% of

the 2-ethylanthraqui none used had been converted into
2- et hyl ant hr ahydr oqui none (determ ned by nmeans of gas chronat ography).

10 b) Packed bubbl e col um: hydrogenati on was carried out for a total

of 3 hours. After 3 hours, 65% of the 2-ethylanthraqui none used had
been converted into 2- et hyl ant hr ahydr oqui none (determ ned by gas

chr omat ogr aphy) . 11

W claim 5 1. 9 @- ocess for the suspension hydrogenation of an
ant hr aqui none conpound or a m xture of two or nore thereof in
a reactor in which there are gdgorking solution in
whi ch at | east one cataly 3~ S nd, in addition, a hydrogen-

-




. Contalnlng gas phase, wherein tﬁe wor ki ng sol ution and the gas
phase are, in the reactor, passed at |east partly through a
fitting having openings or channels whose hydraul i ¢ di anet er
is faomO0.5 to 20 mm 2. A process as clained in claim1, wherein
suspended catal yst particles having a 15 mean particle size of from
0.0001 to 2 mm are used. 3. A process as clained in claim1 or 2,
wherein the fitting havi ng openi ngs or channel s which is used
is a bed, a knitted article, an open-celled foam or a packing
el enent. 20 4. A process as clained in any of the preceding clains,
wherein the working solution and the gas phase are at | east.
partly passed through openi ngs or channel s whose wal | materials
have surface roughnesses in the range fromO0.1 to 10 tinmes the nean
particle size of the suspended catal yst particles. 25 S. A process
as claimed in any of the {r Bol uti on
and the gas phase are pasd4ed through openlngs or ¢ anﬂ$ls having netal lic
wal | mat eri al § whose surfaqss have a oughness Rlerr] in
accordance with DIN 4768/ fro .001)to 0:01 mm 30 6.
A process as clained in agfy of the prjeceding c i , |herein the working
sol ution is passed through the fittifng Vi ng openi ngs or
channel s at an enpty tubelvelocity, m 50 to 300 nB/nkh,
preferably from 150 to 209 nferr]/ h. 35 7. A process as cl ai ned
in any of the preceding clains, reinfithe reactdr_is a )
preferably upright bubbl e}jcol um. < 3
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12° 8. A procéss as clained in dﬁ%’éf the preceding clains, wherein

the feactor is a heat abl e or cool able nultitube reactor, where
the §itting having openings or channels is installed in the

i ndijvi'dual tubes. 5 9. A process as clained in any of the preceding
clainms, wherein the reactor is a stirred vessel and the fitting
havi ng the openings or channels is integrated into the baffles

and/or the stirrers. 10. A process as clained in any of the
precedi ng clains, wherein the catalyst used is a 10 supported
suspensi on catal yst. 11. A process as clained in claim 10, wherein
t he supported suspension catalyst is coated with a netal of.

transition group VIIl of the Periodic Table.
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