-1 PROCESS FOR THE PRODUCTI ON OF AROVATI C AM NES BY HETEROGENEQUSLY

CATALYSED HYDROGENATI ON BACKGROUND OF THE I NVENTI ON 5 The invention rel ates

to a process for the production of aromatic am nes by the catalytic

hydr ogenati on of aromatic nitro corrpoun_g_s. Aromatic am nes are inportant

I ntermedi ates, which have to be produced at low cost and in | arge

quantities. Production plants for aromatic am nes are therefore 10 generally
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is a strongly exofyefRROGEREOUSEY CATATYSER HPHROUTERATION ut i | isation

of the heat of reactfton IS tnereitore an rnportant tactor 1n the production
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process for the reduction of nitro conpounds in the presence
nitroaromatics.
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15 Various reactors are suitable for the gas phase hydrogenation of nitroaromatics.
Thus, for example, in U.S. Patent 3,136,818, a process is described in which the
reaction is carried out in a fluidised bed. The effective dissipation of heat in this
method is impeded by problems resulting from the non-uniform residence time
distribution (break-through of the nitroaromatics) and from catalyst abrasion.

20
Other processes use stationary catalysts in fixed beds. With this arrangement, the

reaction can be performed with a very narrow residence time distribution and
avoiding the problem of catalyst abrasion. By operating the fixed bed reactor
adiabatically, problems of heat dissipation can be avoided. A process of this type,
25 which is distinguished by a simple construction and easy scalability of the
individual pieces of apparatus, is described in, for example, EP-A 0 696 574. To
keep the adiabatic temperature increase within limits, however, very large gas

streams have to be fed into the circulation in the adiabatic operating method.

30 In DE-A 28 49 002, a process for the reduction of nitro compounds in the presence
of stationary, palladium-containing, multi-component supported catalysts in

cooled shell-and-tube reactors is described. The contact consists substantially of



of stationary, palladiumcontaining, nulti-conponent supported catalysts in
cool ed shell-and-tube reactors is described. The contact consists
substantially of -2 1 to 20 g of palladium 1 to 20 g of vanadiumand 1 to
20 g of lead per litee of a- A1203. It .has proved advantageous here if the
active conponents are present precipitated as close as possible to the
surface of the catalyst in a very sharply defined zone and no active
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The loading of the catalyst can be increased in isothermally operated reactors only

15  if the heat released during the reaction can be efficiently dissipated. In WO
08/25881, the use of inert materials to dilute the catalyst bed in the production of
aromatic amines is described. As a result of the dilution, the reaction zone is
extended and thus the area available for heat exchange is enlarged. With this
method, the hot-spot temperature can be reduced or the possible nitroaromatics

20  loading increased with a constant hot-spot temperature. As a result of the dilution,
however, the service life of the bed decreases. In the example quoted in WO
98/25881, the productivity of the diluted bed was markedly lower than the produc-
tivity of the undiluted bed because of the short service lives, despite a higher
loading.

25
In another process variation, the hydrogenation of nitroaromatics is performed in

thermostatically controlled shell-and-tube reactors. Supported copper or palladium
catalysts, among others, are used as catalysts. In GB-A 1 452 466, a process for
the production of aniline in a thermostatically controlled shell-and-tube reactor
30 using a supported copper catalyst is described. To complete the conversion, a

catalyst bed is used there as an adiabatic secondary reactor.
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I n anot her process variation, the hydrogenation of nitroaromatics is
performed in thernostatically controlled shell-and-tube reactors. Supported
" copper or palladium catalysts, anong others, are used as catalysts. In GB-A
1 452 466, a process for the productiog of aniline in a thernostatically
control | ed shell-and-tube reactor 30 usi‘ng a supported copper catalyst is
descri bed. To conplete the conversion, a catalyst bed is used there as an
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out on arsindustrial scale and, conpared with the processes known fromthe
prior art carried out in shell-and-tube reactors, nakes possible a 10
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monol i t hi ¢ sk froanthegriot altadaytied abtl iyt shell-and tubeataogrs, tiakesepdssiblt a | east
one catal ytic hydrogenation steﬁ) in the process of the present invention.
20 The tH¥}m haghen speee-time yipddand longersepresslifis i nvention, is defined, for

exanple, in "Mnoliths in nultiphase catalytic processes -- aspects and
prospects" by F. Kapteijn, J. J. Heiszwolf, T. A Njhuis and J. A

Moulijn, Cattech 3, 1999, p.SUMMARY OF THE INVENTION
The present invention provides a process for the production of aromatic amines by
the catalytic hydrogenation of aromatic nitro compounds. This process comprises
15 (1) catalytically hydrogenating one or more aromatic nitro compounds in the
presence of a catalyst comprising at least of a monolithic support and a
catalytically active coating. There is at least one catalytic hydrogenation step in the

process of the present invention.

20  The term monolith, as used in the present invention, is defined, for example, in
"Monoliths in multiphase catalytic processes — aspects and prospects” by
F. Kapteijn, J. J. Heiszwolf, T. A. Nijhuis and J. A. Moulijn, Cattech 3, 1999, p.
24. According to this reference, monoliths are understood to be not only the
"classical” substrates with parallel channels that are not radially inter-connected.
25 They also include foams, sponges and the like which have three-dimensional
connections within the substrate to the monoliths as well as substrates with cross-

flow channels.

The low-pressure-drop, monolithic support can have a honeycomb structure, but it

30  may also have an open or closed cross-channel structure. The monolithic support
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24. According to this reference, nonoliths are understood to be not only the
"classical" substrates with parallel channels that are not radially

i nter-connected. 25 They al so i nclude foans, sponges and the |ike which have
t hree-di mensi onal connections within the substrate to the nonoliths as well
as substrates with cross- flow channels.” The | ow pressure-drop, nonolithic
support can have a honeyconb structure, but it 30 may al so have an open or
cl osed crossyHA8ARe) priférad wiredenmg of 00 HbD pSURAK per-squteSAGHS &R 2
preferred cell denS|Py of 100 to 900 cpsi (cells per square inch), and nore
pref erabl y aho0freferalipof 2fdic 6uipsabl e as materials for the nonolithic
support are ceramc materials, such as, for 5 exanple, cordierite,
silicates, silicon dioxide, silicon carbide, alum nium oxide, alum nates,

mul lites or ¢y; . 0 I
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coating @si ngample, GREdBMtep EdicasS aslidonodioxide Osiliche cabide( aRimtinivth pkideess known
as dip coating is preferably used for the coating. The dip coating process
i s descri bedgluminatesxemibites or mixtures oy dhese isubstafcesypaovalk 46 melals andymmete!’ by T.
A. N jhuis, A{o E. W Beers, T. Vergunst, |. Hoek, F. Kapteijn and J. A
Moulijn in & 3Pysis Reviews, volume 43, 2001, pages 345-380. Here, the
nmonol ithic support is coated with a suspension 15 based on an extrenely
finely ground, A1203-supported, catalytically active conponent. The

cat al yti cal |'Theembholithoatppoxr chobetprevilyd mithenedtalgticadly atiseabatmgmusing
conpounds in the gas phase preferably contains one or nore netals, from
groups \H0| | scommon pragessgs knewn fipam the prior agh A REpogss krowmhas Ay ¢3HRE 13 abl e

(Mendel eev) [ v, ' : f jncl ude,
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be support edn "Peépardtich GRhRmoAIhS tRtalyStsUPFAT A, Nijhuis, A. E. W. Beers, T.
Vergunst, I. Hoek, F. Kapteijn and J. A. Moulijn in Catalysis Reviews, volume 43,

2001, pages 345-380. Here, the monolithic support is coated with a suspension
15 based on an extremely finely ground, AL O;-supported, catalytically active

component.

The catalytically active coating for the hydrogenation of aromatic nitro compounds
in the gas phase preferably contains one or more metals from groups VIila, Ib, IIb,
20 IVa, Va, Vla, IVb and VD of the periodic table (Mendeleev) as catalytically active
component. Preferred metals include, for example, Pd, Pt, Cu and/or Ni. The
catalytically active component can be supported. Suitable materials to be used as
the support substance are ceramic substances, such as e.g. Al;O3, SiO;, TiO; or
zeolites, but also graphite or carbon. The support substance is preferably finely
25 ground. The catalyst described in DE-A 28 49 002, which is believed to
correspond to U.S. Patent 4,265,834, the disclosure of which is hereby
incorporated by reference, is particularly preferably used as the catalytically active

coating.
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t he support substance are ceram c substances, such as e.g. Al203, Si2, Ti02
or zeolites, but also graphite or carbon. The support substance is

" preferably finely 25 ground. The catal yst described in DE-A 28 49 002, which
is believed to correspond to U S. Pategt 4,265,834, the disclosure of which
I's hereby incorporated by reference, is particularly preferably used as the
catalytically active coating. 5 In order to achieve a uniformcoating, the
vol unme- basedinpaidét © &chidvaa @iform @fatihfiethe FoRingd-bdzkd pahielnszs dpR@Tithe ubst ance
shoul d preferably be less than 50 gm particul arl referably | ess than 10
um 5 The paprefesahlyrgraend supppst é‘flb?ctﬁ@edﬂpukb@ﬁfﬁ@b%’r geelgas ithant BBt W@, t hin

| ayer of a cat.al,ytically.actiwe onent can be applied conparatively
easily on topagﬁc%%rf%pge{qﬁl&ly ﬁﬁﬁ@l"ﬁ%r{%th t he di p-coating process, a
catalytically active coating wth a filmthickness of no nore than 250 m
preferably of no nore than 100 gm and particularly preferably of 10 to 100
m can bé apPhe drtenlar advietago oblthe hiip-cdBingupmoess. isTthet di thirc dagter v £an be

performed one qor npre tjmes. By repeated cgQating, nonaolithjc supports with
a catal yti caffat%}m&?lafvéctﬁﬁt gempgnent an ; e jappligk comppratively seasdy 91t do ahd

orererably choBGipitaBIBRYIAM 1 CaBcllhg brotiss % BRaffEAly 40 chalnd
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invention is suitable to be carried out on an industrial scale. This
process exhi did particarih preferpbly eoft1i0nte i0gim, eandba applied ongtpvthe manplithic conpar ed

ith th f th ' t, ticularly t
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support substance and catalytically active component, especially up to no more
than 150 g/l, preferably of 30 to 150 g/l, and more preferably of 50 to 120 g/l, of
monolithic support can be produced.

15
The process according to the invention is suitable to be carried out on an industrial
scale. This process exhibits a higher space-time yield and longer service life
compared with the processes known from the prtor art, particularly those
processes carried out in shell-and-tube reactors.

20

The catalyst of the present invention for the process of producing aromatic amines,
consisting of a monolithic support and a catalytically active coating, displays
considerable advantages compared with conventional catalyst beds which are
known and described in the prior art. On the one hand, the pressure drop of
25 monolithic supports is substantially lower than that of catalyst beds for a
comparable flow-through velocity. Conversely, much higher flow velocities are
possible through the monotlithic support for the same pressure drop. As a result of
the low pressure drop, even at very high flow velocities, the use of monolithic
supports is advantageous, for example, for use in downstream reactors or in

30 processes that are distinguished by high volume flows and flow velocities. At the



consisting of a nonolithic support and a catalytically active coating,

di spl ays consi derabl e advant ages conpared with conventional catal yst beds

" which are known and described in the prior art. On the one hand, the

pressure drop of 25 nonolithic supports, is substantially |ower than that of

catal yst beds for a conparable f|OMFthpdugh vel ocity. Conversely, nuch

hi gher flow velocities are possible through the nonolithic support for the
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flow vel ocities, the use of “nono |tR|c supports Is advantageous, for
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In addition, if the main'5 reaction is acconpani e secondary reactions, a
hi gher sel ecachiaved vatinthese verythmvedialylicallytdetve coatingst Applicatipaliyta thid | y

active coatings. Application in a thin Ilayer can als rovi de advantages in
terms of se|1@@?&%@@%}5@%&&&5@5&5&6@9& .Se}?ﬁéwﬁ'rﬁﬁéégglﬂﬁeﬁgjm:ﬁg to the
invention is preferably operated under pressures of 1 10 to 30 bar, nore

preferably of 1 to 20 bar, and nost preferably of 1 to 15 bar. The

t enper at ur e Dhe prdCese ducdrdidg o Medhvertiobds preferghly @peragdidirder predudss dfSl
preferably 200 to 400C and the tenperature in the catalyst bed is
pref er ablly 2gB0 karsmo prefapabln géh te 20 bar, srdmast preferably efdcand(ar. Bhe f ed

into the reactor in a lay ratio.  of .hydrogen tq nitro gro ferably
5710 200: demBeritptg T st ftsomins e SRt 830 heiteade: Bl teRetly 4
conpound t 0 fge4durdr AEE AR Rshpelthrdtia MArdatdtys ek Vis iftoRMblPR00 (8 JopkCow ng
formula: 20 wherein: RlL and 'R2: nay be the sanme or difféerent, and each
i ndi vi dual | yHydrogen and aromatic nitro compound(s) are fed into the reactor in a molar ratio
of hydrogen to nitro group of preferably 3:1 to 100:1. Suitable compounds to be
15  used as the aromatic nitro compound to be hydrogenated include particularly those

of the following formula:

20 wherein:
Ryand R;:  may be the same or different, and each individually
represents a hydrogen atom, or an alkyl group
having from 1 to 4 carbon atoms, and preferably a
methyl group or an ethyl group,
25 and

n: represents 1 or 2.



represents a hydrogen atom or an alkyl group having from1l to 4 carbon

atons, and preferably a nethyl group or an ethyl group, 25 and n:

"represents 1 or 2. 7 Nitrobenzene or the isonmers of nitrotoluene are
preferably used as the aromatic nitro 9onpounds to be hydrogenated by the

process of the invention. To carry out "t'he process according to the

I nvention, the catal yst can be used, for exanple, in an adiabatic reactor

for the pro ' f. ar ' ' ' Ly e, EP-B
0606 574, pifdifadle G AP Hdfertict AR AhenCal SHELLAN Wb of B SSBIR S, BF 0,
i s hereby i ngitropoifoanddy bediydfogeasted Bnthe psecess of theimkentidri.c supports in the

process according to the invention is, in principle, also possible in
t her nost at i c&P ICTE Ot Hhsl Preepsp ageording to thevayention; the ¢aselydfcas (erisednf@Bl i t hi c

dvant ageous HEDIEo b AeeEafoEr HES i wefidiohsaP Bablic sl 551 an”

industria) §&elifed A CRIMAMME EPH 006656727 delidRl RV 8strdsPoi®th ag8ond t o
U.S. 5,877,350, the 'disclosdré of which i's hereby incorporated by

ref erence, a5,837,360,ahe Hisdiosyre of milichois bbrehy anqosparited by teferen8O(@The use oflesi r abl e
for performng the reaction adiabatically in the hydrogenatiqn of
ni t r oar omat | BEDOlitBicsUPPEts 1 the @Eﬁﬁe%?céﬂi‘%“g)‘io 9&?"(96&%“ & P’é’@)‘ﬁ&ﬁﬂ%‘ﬂ" per

it i ; i , : : .
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20 pressure drop in the reactor is an inportant criterion in the selection

of the Ut ahduantagrmsoluetthithe pogrpediak heat dissipation partigulashaeip pe indwstiial conbs,
have a subsgc%i]etial advant age here over a conparabl e catal yst bed.

According to EP-B 0 696 574, believed to correspond to U.S. 5,877,350, the
disclosure of which is hereby incorporated by reference, a ratio of hydrogen:nitro
15 groups of 60:1 to 800:1 is desirable for performing the reaction adiabatically in the
hydrogenation of nitroaromatics.. Since only 3 equivalents of hydrogen are
consumed per nitro group in the hydrogenation, the reaction is conducted with a
very large hydrogen excess. This large hydrogen excess results in the gas volume
streams in commercial production plants becoming very large. Thus, a small
20 pressure drop in the reactor is an important criterion in the selection of the
catalyst. Monolithic supports, including, for example, honeycombs, have a

substantial advantage here over a comparable catalyst bed.

The production of aromatic amines can also be carried out by the process
25  according to the invention in a two-step or a multi-step process. In the two-step
embodiment of the process, the reaction is carried out first, for example, in an
isothermally operated, thermostatically controlled main reactor, with a stationary
catalyst bed, wherein the degree of conversion can be 80% to 100%. As mentioned
e.g. in DE-A 28 49 002, believed to correspond to U.S. 4,265,834, the disclosure
30 of which is hereby incorporated by reference, and WO 98/46557, believed to



The production of aromatic am nes can al so be carried out by the process 25
according to the invention in a two-step or a nulti-step process. In the

" two-step enbodi nent of the process, the reaction is carried out first, for
exanple, in an isothernally operated, ghernostatically controlled main
reactor, with a stationary catalyst bed wherein the degree of conversion
can be 80%to 100% As nentioned e.g. in DE-A 28 49 002, believed to
correspond tdmespdnd4o285. 890,800 thei Eisdiesaty 6f FBichfis Weieh ihcorheraRilyby

i ncor porated by reference, and WD 98/ 46557, believed to 8 corres ond to U S.
6, 080, 890, trh@rms,clmmgogcnatm @f\mtr@amra@by ig mnw@mddw «mkmge theence, the

hydr ogenati on romati cs I.S acco ng, of al yst.
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due 5 to the deactlvattlﬂfgrPotuil é] cat a yst é‘ The govvng%rcearria adll%abatlcal |y
oper at ed5 sdocaheladeyctivaton of thes catalyst bedl The dmmtp:slnenm aﬂlabatmauprc@emmdt o0 100%
when the rate of conversion in the main reactor is |ess than 100% . By using

t he adi abat isscosaphgastor ispgisedio cqmée@éhwwermlbwolroqfhéfhpg et main
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i ncreasing the space-tine yield. In another preferred enbodi nent the process
is a two-st qneqanbuysnt;lomwstpmawlaﬂjsadmmmusylncqamm with éhenretrofittingal | y

controll.ed n.reactor vmth stati 15 ca st bed bein sed in the
first st(é EI Xiftingq CBBE?]E%B‘Y% é i‘gﬁcﬁ"m%@ﬁ gﬂli ‘gat al yst
conpri sing n the second step Here, the catalyst bed
in the mai nqréepg%%oéﬁﬁggﬁﬁél ut egﬁd th inert material. The dilution of the

catalyst bed with inert material enables the catal yst .| oading to be
i ncreased, as described for exanple in WO 98/ 46557, believed to, correspond
to U S. 6, 090, gotheroprefased ergbodimente ther PIOSE®IS 3 WOr¥eR) PIOREST pUAt®Y by

reference. 1sotﬁ‘er(rjﬂa!llgjft(':p%gatéﬁ51 ttﬁé&n%stat:cally controlled main reactor with a stationary

15  catalyst bed being used in the first step and an adiabatically operated secondary
reactor with a catalyst comprising a monolithic support in the second step. Here,
the catalyst bed in the main reactor is diluted with inert material. The dilution of
the catalyst bed with inert material enables the catalyst loading to be increased, as
described for example in WO 98/46557, believed to correspond to U.S. 6,080,890,

20  the disclosure of which is hereby incorporated by reference. As a diluting material
(inert material), for example, the inert catalyst support of the catalyst bed or other
inert fillers of glass, ceramic or metal can be used. Substances with high thermal
conductivity are preferably used. The catalyst is generally diluted with 10 to 50
vol.% inert material, and preferably with 20 to 40 vol.% inert material. However,

25  as a result of diluting the bed, the service life of the reactor decreases as there is
less active catalyst in the reaction volume. This loss of service life can be
compensated for by the use of an adiabatically operated secondary reactor.
Through the combination of a diluted catalyst bed in a main reactor and an
adiabatic secondary reactor, the productivity of the overall process can be

30 increased. This process is especially suitable for existing reactors. By using the



(inert material), for exanple, the inert catal yst support of the catal yst
bed or other inert fillers of glass, ceramc or netal can be used.
" Substances with high thermal conductivity are preferably used. The catal yst
is generally diluted with 10 to 50 vol ;% inert nmaterial, and preferably
with 20 to 40 vol.% inert material. H0\7vg\7er, 25 as a result of diluting the
bed, the service life of the reactor decreases as there is |ess active
catalyst in Cdy | ' '
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reactors for the hydrog n of nitroaronatics can ased at very
| ow cost  byby etrofittirigt anreglizbatia secahddry ecastoe ovither monalithicaatalyst.h a nonol it hic
catalyst. 10 The follow ng exanples further illustrate details for the

process ¥ this invention. The invention, which is set forth in the

f oregoi ng di [ i 1 L e ' LFht pe by
these exanpl g@ Poﬁ.ﬁgg%g S’Eﬁrﬁhqésdhﬁ?wgfﬂiélsg%t% %\%t!aflg fél{;g’é Pk@be?&ﬂ%féﬂééssﬁ g?\]gﬁ)?l hat known
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Unl ess ot herw se not _e_d, all tenperatures are degrees Celsius and all parts
and per cent agjther an epipidror scope byethyise ezamiplosr Bhose shidledldy theaghwill reedibect i vel y.
understand that known variations of the conditions of the following procedures
15  can be used. Unless otherwise noted, all temperatures are degrees Celsius and all

parts and percentages are parts by weight and percentages by weight, respectively.

EXAMPLES

Example 1: Production of catalytically coated monolithic honeycombs
20

Cylindrical honeycombs of cordierite with a length of 152 mm, a diameter of
30.5 mm and a cell density of 400 cpsi were used as monolithic supports. The
monolithic supports were cleaned, dried and weighed before coating. The
composition of the supported, catalytically active components used as the
25  catalytically active coating was as follows: 9 g palladium, 9 g vanadium and 3 g
lead per liter of spherical alpha-aluminium oxide. (A detailed description of the
supported catalyst can be found in DE-A 28 49 002, believed to correspond to
U.S. 4,265,834, the disclosure of which is hereby incorporated by reference.) From
these supported, catalytically active components, a powder with a particle size of
30  dsp3 = 1.7 um and deo; = 4.9 um was produced by comminution and extremely




EXAMPLES Exanple 1: Production of catalytically coated nonolithic
honeyconbs 20 Cylindrical honeyconbs of cordierite with a length of 152 nm
“a dianmeter of 30.5 mmand a cell density of 400 cpsi were used as
monol i thic supports. The nonolithic sugports were cleaned, dried and
wei ghed before coating. The conposition of the supported, catalytically
active conponents used as the 25 catalytically active coating was as
follows: 9 gﬁﬁ&%ﬂﬁﬂﬁl iorffo@omiipadi umand 3 g lead per liter of spherical
al pha-al um ni um oxi de. (A detailed description of the supported catal yst
can be found in DE-A 28 49 002, believed to correspond to U S 4 265 834,
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wt.% A hone hen e se hi's suspensi o or severa m nut es.

After it V\/asmhﬁﬂé%V@di&ﬁpWa& REmSHRPEOAI the suipasibn by donbycsat aftleft @ drain
and then-the channels were blown clear with a conpressed air gun. Drying 10
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conponent, was kness of the catalytically active
coating was no nore than 100 m

The loading of the monolithic support with the catalytically active material,
consisting of support substance and catalytically active component, was 68 g/l and

15 the film thickness of the catalytically active coating was no more than 100 pm.

A total of seven honeycombs were coated with catalyst in the manner as described
above. The catalyst loadings achieved, as represented by wg, and calculated

according to the formula:

20

masshan:yoonb after coating _masshoneycom before coating

Wy =

were from 10 to 14 wt.%.

25 Example 2: Standard bed (comparative example)

A tubular reactor thermostatically controlled with oil, having an internal diameter
of 26 mm and a length of 3000 mm, was filled with a catalyst as described in DE-
A 28 49 002 which is believed to correspond to U.S. 4,265,834, the disclosure of



A total of seven honeyconbs were coated with catalyst in the manner as
descri bed above. The catal yst | oadi ngs achi eved, as represented by wK, and
" calculated according to the formula: 20 WK masse f. ..,.g -massl,yconb W -
coating- mass a coating were from10 to14 wt. % 25 Exanple 2: Standard bed
(conparative exanple) A tubular reactor thernostatically controlled with
oil, having an internal dianmeter of 26 mmand a | ength of 3000 m was

filled with ﬁhi@ﬁt@'h{&ébgaﬁmdﬁﬁﬁté@ﬂg teferBlice. A\ 3otBti0 Fubshingth b smblsilé eved to
correspond to U.S. 4,265,834, the disclosure of -11 which is hereb

i ncor por at edthynacetipleewas logatgsk dn dbe ioprter whethei tuhular feastoreto tdﬁ@ﬁh&%upl e was
| ocated in the center. of t t.ubul reactor t et.egt the . e ure in
the catal y st ICTHREratuFg dn gl?ft %ﬁ%‘ﬁ‘%ﬁés ﬂl? ﬁgﬁ@aé)?vfi? glfm%ﬁdt ﬁrsh Wﬁoﬂkﬁg‘%ﬁ%ﬁ t hen

wi th hydr Oge@en M HRFogeR Shdaeds tHad adtividelifvith D060 I RydrogéPaeTioat o240C over
5 a period of 49 h. "Nitrobenzene was then evaporated in a m xture of

ni t r ogen Sanda peritrdogfeld.h. The  ni trobenzene | oading was slowy increased from
134 g/h to the maxi mum value of 690 g/h in such a way that the nmaxi num
tenperature in the bed did not rise above 10 460C. In this phase, an 820 1/h

vol ume f1ow gf ftb?ﬁze?" Xl el A3 RARE gn gah{n%Hglt} of Jﬁﬁoggﬁ%& %23{0%@%@; he

mai nt ai ni ng a ydrogen to nit enze

maxi mum quangirbierzEndlichdiRR v aRavIyascréRad fogh 134@h i theagaimeasvaleoopl et el y
repl aced by hydrogen and 820 I/ h of hydrogen were then passed through the

reaction t ub&0 ghen sich a waythahthgmeaximymidtepperatura i ded did potgee abgve
thr Oughollbt t?&%?ﬂﬂhliso Bha%%,r :Imog20 1/h volume flow of the mixture was passed through

the reaction tube, maintaining a 4 to 1 molar ratio of hydrogen to nitrobenzene.

When the maximum quantity of nitrobenzene was reached, the nitrogen was

completely replaced by hydrogen and 820 Vh of hydrogen were then passed

through the reaction tube. The oil temperature was kept at a constant 240°C
15  throughout the reaction period.

In the area of the maximum nitrobenzene loading, the hot spot migrated through

the bed at a rate of approx. 1 mm/h. At the maximum nitrobenzene loading, the

maximum temperature was 435°C. The selectivity was 98.7% after 47 h, 99.5%
20  after 119 h and 99.5% after 408 h.

Example 3: Use of the monolithic honeycomb (example of an embodiment)

Monolithic honeycombs produced according to Example 1 were used as catalysts
25 in a tubular reactor thermostatically controlled with oil, having an intemal
diameter of 32.8 mm. Five (5) honeycombs, each with a length of 150 mm and a
diameter of 30.5 mm, were introduced into the reaction tube. The active catalyst
material deposited on these 5 honeycombs, i.e. support substance and catalytically
active component, totalled 37.5 g. The gap between the tube wall and the

30  honeycomb was sealed with a heat-resistant fleece (Carborundum, type FT 1). A



In the area of the maxi mum nitrobenzene | oading, the hot spot mgrated
through the bed at a rate of approx. | mmih. At the nmaxi mum nitrobenzene

| oadi ng, the rmaxi mumtenperature was 435C. The selectivity was 98. 7% after
47 h, 99.5% 20 after 119 h and 99.5% aj4er 408 h. Exanple 3: Use of the
nmonol i t hi ¢ honeyconb (exanple of an enbodi nent Monolithic honeyconbs
produced according to Exanple 1 were used as catalysts 25 in a tubular
reactor therprogictive dalbd withoatmabileethewnbddoupld wahdocatgl an thaxcemtealof dhanet er of
32.8 mm Five (5) honeyconps, each with a I,ength of 150 mm and a _dianeter
of 30.5 nm WERRIfEAGeTd iR ditechithe demapsratyes ibrihg dprnolifie heneysamb alhg yst
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in the nonol The st was flushed first wth E‘irtrogen
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of nitrogen a e nitroberizene | oa was increased stepw se
from 30 g/ h Whehl1d quaititwi dfnitrobendene dhel0 g/l weast reaghedf tie mitoépenzeae of 110
g/ h was reached, the nij trogen was conpletely replaced by hydrogen. 140 |/h

of hydrogen SfnRletcherepfsed by hiydrogeryht 400/h pkhydragen weretthesk passed tiyppgh
tenperatiye t thr o i I od. The
eTer AT © WESeAEBh o oG SO G AN b SRR
conpared W t Raéthsh Refdd( The séRé@iitySvadimor@ithid 9%.04yafttr @ABS 25 Rli€ @ik ¥hdel €S can
be achieved with the nonolithic honeyconb. Mreover, this high selectivity
i s achi evedThus; eompgied with the bed (cf. Example 2), distinctly higher selectivities can be

achieved with the monolithic honeycomb. Moreover, this high selectivity is

achieved more rapidly.

15
Example 4: Use of the monolithic catalyst to complete conversion (mixtures of

aniline, water and nitrobenzene)

Monolithic honeycombs produced according to Example 1 were used as catalysts

20 in a tubular reactor thermostatically controlled with oil, having an internal
diameter of 32.8 mm. Five (5) honeycombs, each with a length of 150 mm and a
diameter of 30.5 mm, were introduced into the reaction tube. The active catalyst
material deposited on these 5 honeycombs, i.e. support substance and catalytically
active component, totalled 37.5 g. The gap between the tube wall and the

25 honeycomb was sealed with a heat-resistant fleece (Carborundum, type FT 1). A
protective tube with a mobile thermocouple was located in the center of the
tubular reactor to detect the temperature in the monolithic honeycomb. The
catalyst was flushed first with nitrogen and then with hydrogen, and was finally
activated with 700 I/h hydrogen at 300°C over a period of 24 h.

30




15 Exanple 4: Use of the nonolithic catalyst to conpl ete conversion

(m xtures of aniline, water and nitrobenzene) Monolithic honeyconbs
produced according to Exanple 1 were used as catalysts 20 in a tubular
reactor thernostatically controlled wiifyoil, having an internal dianmeter of
32.8 nun. Five (5) honeyconbs, each with a length of 150 mmand a dianeter
of 30.5 mm were introduced into the reaction tube. The active catal yst

mat eri al depAsilinendrwitteinea molenaye offdto 2 were thelpeﬂrpbraﬁetbﬁt ahodrogén

catalytically active conponent, totalled 37.5 g. The@g E bet ween .t he tube
wal | and t hestresimh diaqbesmena was addad wﬂwwaﬁeraﬂln@mm rihebegnzerekeing
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then with hydrogen, and was finally activated w hydrogen at 300C
over a péri ot). dhe2dil HemBdratuts wanikephat anwnstanted00°C thromghent the reacodn 1 to 2
were then evaporated in a hydrogen stre |trobenz e was added to the
vater, the pp'm%lrirfaﬂ catesnt rlaﬁfgfm Sﬁ@“ gamyerd ahrfm%omglem ani | i ne
used. The q“@ﬁhkﬁéﬁﬁn@i&ﬁqﬁhﬁﬁ% , hitrobenzene and hydrogen
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t hr oughput were vari e operating window (c Table 5 1). The

oil tenperature was kept at a constant 300C t hroughout the reaction period.
In all cases—the nitrohenzene used could be converted alnpst conpletely

with the mopolithic honeyconbsCa s Casetl. Cals@aSESZEEe 2@}3@5@33@%@8#\% | i np612
Fydr ogenaso| APiESo1/ higes 1/ L GReEm |1 B[S gh o T gl "
Nitrobenzene 0.1 gl 0.6 gh 66.6 g/h 257 gh
Hydrogen 450 /h 450 1/h 1685 I'h 1685 h
Nitrobenzene in educt 19 ppm 998 ppm 9.8 wt.% 15 wt.%

Nitrobenzene in product | 5 ppm 3 ppm 1 ppm 3 ppm

10  Table 1: Parameters of the tests carried out in the bed

Example 5: Diluted bed (example of an embodiment)

A mixture of 50 vol.% of the catalyst described in DE-A 28 49 002, which is

15  believed to correspond to U.S. 4,265,834, the disclosure of which is hereby
incorporated by reference, and 50 vol.% SiC (SIKA I F8 from Norton SIKA) was
introduced into the tubular reactor described in Example 2 to dilute the catalyst
bed. The bed was activated with hydrogen as described in Example 2.

20 a) The nitrobenzene loading was then increased stepwise to a maximum
quantity of 723 g/h, as described in Example 2. From the point when the
maximum quantity of nitrobenzene was reached, 852 I/h of hydrogen were
passed through the bed. The selectivity was 98.0% after 52 h, 98.5% after 121 h
and 99.5% after 409 h.



Ni trobenzene in educt19 ppnB98 ppnD.8 wt. %5 wt. % Ni trobenzene in product5

ppnB ppnil ppnB ppm 10 Table 1: Paraneters of the tests carried out in the

bed Exanple 5: Diluted bed (exanple of an embodinent) A mxture of 50 vol.% |
of the catal yst described in DE-A 28 49,002, which is 15 believed to -
correspond to U S. 4,265,834, the disclosure of which is hereby incorporated

by reference, and 50 vol. % SiC (SIKA I F8 from Norton SIKA) was introduced

into the tubular reactor described in Exanple 2 to dilute the catal yst bed.

The bed was activated with hydrogen as described in Exanple 2. 20 a) The

ni t robenzeneb)l oadinnthewsese: way asrior Hadth theepmes bed, . maximumuguantipantity of

quanti ty of ﬁ?ff&hﬁﬂﬁ renc Dot el angep otk A7 of bgen ik aver o ltey

through the bed. WY $5 Eg'z%’a %83?9@%@9&&&&25% d@&"/@%ﬂ@[{] ®n. 121 h

and 99.5% after 40 e sane way as in a), Wt e sanme bed, a
maxi mum guantity of nltrobenzene of 1,236 g/h and 1,460 I/h of hydrogen
were used. The selectivity was 92.2% after 48 h, 98.3%after 123 h_and

99. 7% aft er @08 hin ﬁlecamnmwm@sslan@ weth the sameabed, i meximemseuratibeal a

e ety ) Ropfh IR 4 PSR O i Ve el v e

after 220 h. 10 I&lailhtymss 4bPafRdr 5081091484 aft@ I 24 MAPSIBK after 220 K.he area
of the hot spot conpared with the undi' | uted bed (see Exanple 2). Due to the

hi gher specific catalyst |oading, however, the hot spot m grates through

t he bed i dl all these exanples th the casge i.n le 2

(see Taio. S Slcants dOyes somppaatitne, Nap Bcantish i Ge stea o e ot SHof™
compared with the undiluted bed (see Example 2). Due to the higher specific
catalyst loading, however, the hot spot migrates through the bed more rapidly in

all these examples than is the case in Example 2 (see Table 2).

Example 2 | Example 5a | Example 5b | Example 5¢
Nitrobenzene 690 g/h 732 g/h 1236 g/h 2028 g/h
Hydrogen 820 h 852 lh 1460 I/h 2211 /h
Rate of migration 1 mm/h 1.7 mm/h 2.3 mm/h 4.4 mm/h
Thot spot, max 435°C 332°C 370°C 401°C
15
Table 2: Parameters of the tests carried out in the bed
Although the invention has been described in detail in the foregoing for the purpose
of illustration, it is to be understood that such detail is solely for that purpose and
20  that variations can be made therein by those skilled in the art without departing from

the spirit and scope of the invention except as it may be limited by the claims.




Ni t robenzene690 g/ h732 g/ h1236 g/ h2028 g/ h Hydrogen820 |/h8521/ h1460
|/ h22111/h Rate of mgrationl nmhl.7 mmh2.3 mih4.4 nmh
Tht spot , nmi35C332C370C401C 15 Table 2: Paraneters of the tests carried out
in the bed Al though the invention has bgen described in detail in the
foregoing for the purpose of illustration, it is to be understood that such
detail is solely for that purpose and 20 that variations can be nmade therein
by those ski WIHATIIS Ch&IMHRD 18:t hout departing from the spirit and scope of
the invention except as it may be limted by the clainms. -15 WHAT IS CLAI MED
IS: 5 10 1. A process for the production of aromatic am nes conprising (1)
catal ytically ﬁydAﬁ?)%@@fop%&%gdﬁio%fgm a?ihg%}ﬂiﬁesrb'oh{ ising0Tpounds in the
presence of a catafyst conpri'sing a nonolithic support and a catalytically
active coating. 2. The, process of aiml .wherein the cell. density of the
nonol i thic support i s(lgr orfi® ICPB%W%OEW% H0C-pp AL FOMAUC Wy 57 2,
wherei n the cell densi LA b3sithd 2 Rof! 600 cpsi .
4. The ptrsocess of C ai %@%gﬁeﬁsﬁﬁ%ﬁdgé’? S’f@%@%‘?‘hﬁ%t%e ngﬁ‘ﬁg has 15
a filmthickness of nosuppor ahdacatdbficatly &tivéloeatpigocess of C ai m 4, wherein
the catalytically active coating has a filmthickness of no nore than 100
m 20 6. The process of Claim4, wherein the catalytically active coating
has

2, The process of Claim 1, wherein the cell density of the monolithic

support is from 100 to 900 cpsi.
10

3. The process of Claim 2, wherein the cell density of the monolithic

support is from 200 to 600 cpsi.

4. The process of Claim 1, wherein the catalytically active coating has

15  afilm thickness of no more than 250 pm.

5. The process of Claim 4, wherein the catalytically active coating has

a film thickness of no more than 100 pm.

20 6. The process of Claim 4, wherein the catalytically active coating has
a film thickness of 10 to 100 pm.

7. The process of Claim 1, wherein the catalytically active coating

comprises platinum and/or palladium.

25




a filmthickness of 10 to 100 pm 7. The process of Claim1, wherein the
catalytically active coating conprises platinumand/or palladium 25 -16 8.
" The process of Claim1l, wherein the catalytically active coating contains
supported platinumand/or palladium 9.jgThe process of Caim1, wherein the
catal ytic hydrogenation takes 5 place in an adiabatically operated reactor.
10. The process of CQaim1l, wherein the catal ytic hydrogenation takes place
under a pressure Bf 1 Tie piocd3anf Cldimll] whéfein theearbgically adtbiervodting wher ei n t he
catal yti c hydrogenation takes place under a pressure of 1 to 20 bar. 12.
The process ehntamssuppared padnwn and/pepddBIgt i ¢ hydrogenation takes place
under a pressure of | to 15 bar. 15 13. The process of Claiml, wherein the
catal yti c hydrogenation takes place at a tenperature of 200 to 500C 14.
The process of daiml, in which the catalytic hydrogenation is 20 carried

out in two steps, gwherpidprob@s SECRAE IC atheter the chmtitRdfd/igepaticittaesoccurs in
an adi abatically operated reactor with a catal yst conprising at |east of a

nmonol i t hisc  leggiioran adiavaticadlytopkratadaasdter. act i ve coati ng.

10. The process of Claim 1, wherein the catalytic hydrogenation

takes place under a pressure of 1 to 30 bar.

10 11.  The process of Claim 10, wherein the catalytic hydrogenation takes

place under a pressure of 1 to 20 bar.

12.  The process of Claim 10, wherein the catalytic hydrogenation takes

place under a pressure of 1 to 15 bar.
15

13.  The process of Claim 1, wherein the catalytic hydrogenation takes
place at a temperature of 200 to 500°C.

14.  The process of Claim 1, in which the catalytic hydrogenation is
20 carried out in two steps, wherein the second catalytic hydrogenation step occurs in
an adiabatically operated reactor with a catalyst comprising at least of a monolithic

support and a catalytically active coating.




