1 Process for preparing tolyl enediam ne by hydrogenati on of

di nitrotol uene Description 5 The invention relates to a process for
preparing tol uenedi am ne by hydrogenati en of dinitrotol uene.
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predom nanDeycriggiesl i n pol yuret hane production. TDA is prepared
industrially by catalytic hydrogenati on of dinitrotoluene,

hereinafter referred to as DNT. Many catal ysts have been devel oped
for thedabove reaction in order to achieve a very 15high yield and
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utilize the heat of reaction, for exanple in the formof steam 20 As
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25 conprising a |iquid phase conprising tol uenedi am ne and

di nitrotol uene, in which the nickel-conprising catalyst is suspended,

wherein the concentration of dinitrotol ?ene inthe |iquid phase of

the product output fromthe reactor in the region between the reactor
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for exanple by lowering the reaction tenperature, the hydrogen
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reactor: TREPE ﬁ%néﬁ &3P Sh ranges to be set would in this case

increase considerably with increasing vicinity to the point at which
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subsequently recircul ated (generally as a thickened suspension) to
the reactor. The product output is particularly preferably
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purified bgoo ppm enables catalyst deactivation to be largely avoided.
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conventional and known net hods, for exanple by distillation or
extraction. The setting of the DNT concentration in the liquid
product output fromthe reactor in the pegion between the reactor and
t he downstream product isolation unit on the basis of a 40repeated
measur enent $MMAR, dihgstthes bearetpend dha dytrradych formatiemean pguedHged sudcat
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interval s ours, partic rey prefe hours and very
particularly preferably hour. The tine intervals enployed for
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t enper at ur groatictdiit®lll i e rayidn e@anRin e rédcté dhdtthe bAlduenigolbfon unit” thus at
Lo e oerrl 68 <00 (0 DB g Ak g B0 0 e
range fronPEO8ding raanters. Refeserncgr ie apligierare & tairnoit detbe dchpisally very
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am nonitrotol ugne, herelnafter referred t0 as A port, 1s als
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35 discharged with retention of the catalyst. The amine can then be purified by

conventional and known methods, for example by distillation or extraction.

The setting of the DNT concentration in the liquid product output from the reactor in the
region between the reactor and the downstream product isolation unit on the basis of a
40 repeated measurement of the dinitrotoluene concentration in the liquid product output
from the reactor is carried out at time intervals of <24 hours. The measurement is



In a first general enbodi ment of the invention, the process of the
invention is, as indicated above, carried out in the presence of a
catalyst, in particular in the presence4of a supported catal yst
conprising, as active conponent, nickel either alone or together with
at | east oReferablyirepgated gastinualiy abiipgpstervals of <1@hougsn gadicularly preferably
t he tF;eru odi<e! Nl @nd Verylberticalay yedferabiyee 1 aeantHengme antehels l@mgmye@mor
can be pro Y. : : t o
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to 85% by we arti arI refera

wei gt DB e 1. té ekl T mbRRieaeE githe DN ncrnlatian op
transiti oncgﬂﬂedpgt in-lipe, an-| ne\nr Of‘f\llne and/ or VIII. of the Periodic
Tabl e, preference 15is given to using paI I adi um pI ati num rhodi um

i ron, bal,t, zi.nc,. chrom,u vana il

of o 187 2 ok raBlfe i S I Brod g iy EBRR Ran B0 shFEn ., Bt idhSine
the cat al ygessienisr veaeall igacterrisytehlei fatihe coptinuous hydregenation of nig@aromatics.
enbodi ment Softatiié eedciire it ittnNprobée dralidinysitiob e cbisEsiodly apstatid;stirBd @ank
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ni ckel , rencé 1s
to using aB'fEi“(}%ﬁ é'dftaé’!fr Hodne eacs%wﬁth&dﬂvergpa,pw{eéeaﬁe '6)&'\@i”ct°§~iﬂ5}90$tt”9d
conpongft s talickaatsrss idopcreactdispoutisle miunirsoor jeaidopdeacto@Shddiresiateghdirand

al umi num oxideg & %éh%@ @6cfbed, ffcsrte%gmpr@ e ﬂﬁsss@ﬁrﬁpn' um di oxi de

and/ or hafniumd e or a mxture of two or nore thereof
particularly preferably zirconiumdioxide, Zr02, H 02 and/ or Si 02,
Zr 02 and/ oin 8ie0procgsD2f thef deentitine NP i hydrogsreaiedite ThrAefRarbdliarly low by-

NMESOPOr OUS prfidciTaMGat@dn aadehalRt B @vatiorRE 8bsé@lef0 from 35 to 50 nm
and a Egemflc surface area of from50 to 250 n2/g. The surface area

of the“Support is determ ned by the BET process by means of N2
adsor pt i on,The hysragenationas carfiedieeldn denrrecedstd IH iINvEEioB Lindahepessyrg dethe
pore di arTEt'a&fgeaﬂﬁdnt$1eo M@rsp@erdb@tdtl HrésBraanre tietaigel fed 1y tdd0 bar,

et . . 613
por 051 et Ve BaRPHIGHLAT o 8 AEEHEANER Mrod Y 50450 o> T perping
can be achifeéwaaw ghwh lenél‘t\%ﬁmrsvgw‘ﬂpa@f ginfigateldene imniokisnadiamingossafrisd
a perséh skul Isegerienallyhie the ebogeofromab@liy E0t@& cirefaraldy in THeeradwgp peonh B0 to

whi ch havespgen p@%gg,m ﬂ%ﬁ&aﬁé{mG@BVt@%@' ation or inpregnated with
the netal or rreta sal'ts are Subsequently dried and cal ci ned by 40

known net hods. The coated supports are subsequently activated by
treating thes further preferestdr eahodimeoh ot trepinveriiont tiee progdsogéithe THvestion is

activati onopésrd@dd Yn t&leAs aPhAGettk the concentration of the partially hydrogenated
30 intermediate aminonitrotoluene, hereinafter referred to as ANT for short, is also
controlled and is set in the region between the reactor and the product isolation unit to
an ANT concenfration in the range from 0 to 2000 ppm, preferably to an ANT
concentration in the range from 0.5 to 1000 ppm, particularly preferably to an ANT
concentration in the range from 1 to 200 ppm. Setting of the concentration of this
35 partially hydrogenated intermediate in the ranges mentioned firstly allows a further
reduction in catalyst deactivation and secondly a further reduction in by-product

formation. In general, the concentrations of DNT and ANT run largely parallel.

Many catalysts are possible for the preparation of TDA.
40



6 tenperatures in the range from30 to 600C, preferably in the range
from80 to 150C and particularly preferably at 100C. The gas stream

preferably conprises from50 to 100% bygvol une of hydrogen and fromO
to 50% by volume of nitrogen. The catal yst produced for use according
to the invEngiftet errsral erebpdimeny of Bgubredienotheaprocess of fopdmantay is, as
reducti on indicatzdeatoosl cantiedlO@Gh tHENereseripaittzechiglgdt ainyEHIcuRD trtHeastesdhce
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the range hiednahd Togn&%%}/ RY 148 SHY of ﬂﬁ)@éﬁé\fé\’ﬂeﬁlbﬂecp%cﬁﬂt%rn% ¥ta}sﬂo%ltable

rangefrom25to8%by wel ght, based on the to wei ght o
catal ysts td®§T Suitabl e catal ysts of this enbodinent are
described, for exanple, in the publications 15 EP 1 161 297 Al and EP

1 1E5| 231t N a p{r&eﬂe&%ﬁ%@m@ﬁ?%lﬂﬁ@mveﬁﬂqoﬁ hige i bﬁt‘é t heda rﬂli%éi\é@ﬁt@ﬁt in the
ni cke a
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Ni /Al 20 albigyt, bakeddn t@notabRPighiss titheat@lysthore netal s sel ected from
t he group consisting of Mg, Ce, Ti, V, No, &, W M, Re, Fe, Ru, Co,
Rh, Ir, uandBl,areused The dereeof doping is in
the range s G 3%U@W'%rw o &~ 3boibgnaler YH: O'ths Periedic dapprrjeference
el enentd Thaiwrdpagmgpaailiadiome pietiaen ofhotlne, drab adopatt,szins et rangurd 2baridtium,

251 n a thigghRral Batmiofurd Bewb b etk faregat al ysts as are descri bed,
for exanple, in WO 2008/ 138784 Al are used In the process of the

invention. The invention thus further provides, in a preferred

enbodi ment Inod praferrédheehedionnt éfdhe inventime thef cawlmstozg:emises)hii gad platsrs. In
corm;I Id Si Nga f%e@%?éf&@e&@#ﬁb@cﬂlﬁﬁh} oiathé’f[]ﬁﬂeblf& e BAtEKS oonﬂﬁisla@ﬂll Hm N‘dn a
an a io rom onsl st

ron 2 v Btar b B TR ool RS AORp e, pgirh and

bi smut h, n’(ﬁ‘Pbedenum sel eni um tellurium tin and antinony on a
support for preparing aromatic am nes by catal ytic hydrogenation of

the cor resﬂg%bg&t %%}ér@algoﬁgfgf&% lsij@ 8‘?“{5 ugil’léaéctitfgf?ﬁpcra?%g{ ic%%on black,

t ol uenedi am ne rogenati on of roto

el enent i SQ@PB¢%rC§bP§Jd‘§eP‘é‘H{O§d cPMBATeNiE JYeBups ivsn seiPxge oﬁ'“EQibaﬂafb'de
i ron, f2anakiesetyuty] shaihuranakidhtmagneains upjaer ttisarfion dikvéde; ati@byistrs diokide

i's possi bl gnd/gr H%lM%ld%eBH gl rﬁlx‘fmé(b]? t@BeorCr"r'\%Feomrré(ofaBg'tEmQW Fé?érably
this purpose. Prefe I'S Q S ar 5
bl ack, gr aﬁ'Fﬁoﬂ"lé"nb?'oﬁa? %Oéwfg)é IoF gfcg?r Zg}gafﬁﬂﬁ{’h Cﬁﬂh'-%? stabl e

net al oxi des such as 40Zr02, Ti 02 Al 203. In the case of graphite,
HSAG ( hi ghTﬁ@e&@mgarsaa 3 mérbs rH@ébbBﬂau@ a%urﬁaasgnaaveaag@fpcfréar@n%@ert&
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activated ehaiifoRepPost 'Scé??tﬁﬂwnﬁqi éb’k%hesﬁ h F&@C%@ebylwsb‘]’faﬂk adsorption, in
particular in accordance with DIN 66131. The average pore diameter and the pore size
distribution are determined by Hg porosimetry, in particular in accordance with
DIN 66133.
35
The application of nickel and optionally the at least one further metal can be achieved
by the customary suitable methods which are known to a person skilled in the field of
catalyst technology. The supports which have been coated, coated by coprecipitation
or impregnated with the metal or metal salts are subsequently dried and calcined by
40  known methods. The coated supports are subsequently activated by treating them in a
gas stream which comprises free hydrogen. This activation usually takes place at



The catal ysts according to the invention are produced, for exanple,
by initially charging 5 the support and bringing it into contact

w th an aqueous sol ution of the paI | adi gm and ni ckel salts together
with the additional elenent. t he amount of the water used for
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35 Example 2

A stirred tank reactor (diameter: 2.8 m, height: 4.7 m, volume: 23 m® material: St37)
having cooling coils fastened by means of fine supports in the interior in the region of
the reactor wall and a double inclined blade stirrer was used: the larger upper set of
40  inclined blades pushed the hydrogenation bath downward in the interior of the reactor,
and the bath then flowed upward again along the cooling coils; the lower set of inclined
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5 t/h of molten DNT heated to about 80°C, which consisted of a mixture of the 2,4- and
2,6-DNT isomers in a ratio of about 80 : 20 and about 5% of the other DNT isomers
15  and traces of mononitrofoluene, were metered by means of a diaphragm metering
pump into a funnel which was open in the direction of the gas space and conveyed the
DNT downward via a line into the hydrogenation bath between the sets of inclined
blades. A pressure of 25 bar was set in the reactor by simultaneous introduction of
about 330 kg/h of hydrogen (diluted with about 2 kg/h of N,). The hydrogen was
20 metered into the hydrogenation bath via a nozzle ring which was installed centrally
between the two sets of inclined stirrer blades and fastened there by means of frame
supports. The reaction proceeded under largely isothermal conditions. In addition,
435 kg/h of a suspension of the abovementioned catalyst in water (partly separated off
from the hydrogenation product in the work-up section) were metered in, likewise
25  continuously, by means of a diaphragm pump. The amount of the catalyst comprised in
the suspension was varied in a targeted manner in the range from 0 to 5 kg/h to set the
DNT concentration and was on average just under 1 kg/h.

To keep the liquid level of the reactor constant, an appropriate amount of

30 hydrogenation product was taken off continucusly via an overflow and fed into a
lamellar clarifier having a liquid volume of about 16 m® and a gas volume of about 4 m®.
The catalyst could concentrate in the lower region of the clarifier. About 30 standard
mh of an appropriately thickened suspension were then sucked back into the stirred
tank by means of the lower set of blades of the inclined blade stirrer. At the same time,

35 about 5.8 th of hydrogenation product were taken from the lamellar clarifier via an
overflow. This product comprised about 3.3 t/h of TDA (with an isomer distribution
corresponding to that of the DNT used), about 0.07 /h of low and high boilers (in a ratio
of about 10 : 60) and about 2.4 t/h of water and up to 1 kg/h of catalyst (mostly fines).
The hydrogenation product was conveyed via a pressure reduction like the

40  hydrogenation products of other reactors into a joint intermediate vessel! and from this
was fed continuously to the work-up by distillation.
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10 The reactor was operated under the conditions mentioned for 3 months without
significant interruptions. During this time, the crystallite size determined by means of
X-ray powder diffraction of the Ni catalyst filtered off in each case from the above
samples of suspension increased from 15 nm to 16 nm as a result of sintering. An
appreciable change in the stoichiometric composition of the catalyst or its catalytic

15  performance was notf observed, nor was formation of oxidized Ni species (for example
formation of Ni{OH), by oxidative poisoning).

Exampie 3

20  The stirred tank reactor described in example 2 was used and the procedure described
there was employed. To achieve better separation of the reaction products from the
catalyst, to make oxidative poisoning more difficult and achieve optimal homogeneity of
the hydrogenation bath even at a lower reaction temperature of from 100 to 105°C,
ethanol was used as additional solubilizer. The catalyst was accordingly not introduced

25 in aqueous suspension but instead in the form of 0.5 t/h of an ethanolic suspension
{ethanol recovered from the hydrogenation product in the work-up section was mostly
used here). The amount of the catalyst comprised in this suspension was varied in a
targeted manner in the range from 0 to 5 kg/h as in example 2 in order to set the DNT
concentration and was on average just under 1kg/h. The other flows were as

30  described in example 2.

The about 5.9 t/h of hydrogenation product taken from the lamellar clarifier via the
overflow comprised a good 3.3 t/h of TDA (with an isomer distribution corresponding to
that of the DNT used), about 0.05 t/h of low and high boilers (in a ratio of about 10 : 40)
35 and about 2 t/h of water, about 0.5 t/h of ethanol and up to 1 kg/h of catalyst (mostly
fines). The hydrogenation product was conveyed via a pressure reduction like the
hydrogenation products of other reactors into a joint intermediate vessel and was fed
continuously from this to the work-up by distillation. To determine the content of DNT
and ANT in the hydrogenation bath, samples of suspension were taken at intervals of
40  not more than 4 hours from the line from the stirred tank reactor to the lamellar clarifier.
These were freed of suspended solid by filtration and the concentration of the nitro
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20 more solid and thus resulted in slightly poorer mixing of the hydrogenation bath.
Otherwise, the reaction was carried out as described in example 2.

Despite an average concentration of the fresh catalyst added to the aqueous

suspension which was doubled compared to example 2, viz, 2 instead of 1 kg/h, i.e.
25 introduction of twice as much fresh catalyst, the average aminonitrotoluene

concentration in the filtered samples of suspension taken between the reactor and the

lamellar clarifier increased, compared to example 2, from 3 to 25 ppm, and values up to

300 ppm were sometimes measured. The average DNT concentration was also slightly

increased at 15 instead of 10 ppm, and values up to 50 ppm were sometimes
30 measured.

The reactor was operated under the conditions mentioned for three months, likewise
without significant interruptions. During this time, the crystallite size determined by
means of X-ray powder diffraction of the Ni catalyst which was in each case filtered off

35 from the above samples of suspension increased very greatly from 8 nmto 17 nmas a
result of sintering. An appreciable change in its stoichometric composition or formation
of oxidized Ni species (e.g. formation of Ni(OH), by oxidative poisoning) did not occur
here either. However, the amount of DNT fed in had to be reduced stepwise after these
three months in order to prevent a further increase in the concentration of DNT and

40  aminonitrotoluene. After a further two months, replacement of the entire catalyst was
unavoidable.
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The reactor could be operated under these conditions for only about one hour. The
reaction then had to be stopped because of a decreasing uptake of hydrogen. The
polarographic determination of the content of DNT and aminonitrotoluenes in the
filtered sample of the suspensicon taken from the line from the stirred tank reactor to the

15 lamellar clarifier 30 minutes after commencement of the reaction indicated a DNT
concentration of 842 ppm and an aminonitrotoluene concentration of 2050 ppm.
Subsequent examination of the Ni catalyst filtered off from a sample of suspension
taken after the reaction had been stopped did indicate an unchanged Ni crystallite size
and stoichiometric composition within measurement accuracy, but a considerable part

20 of the nickel was present in oxidized form (mostly as catalytically inactive Ni(OH),).
Replacement of the entire catalyst was unavoidable.

Example 5

25  The hydrogenation of DNT to TDA was carried out in a 180 ml continuous stirred tank,
and the catalyst was mechanically held back in the reactor. A 2.8% Pt-0.7% Ni on
Norit® SX activated carbon support catalyst (WO 2005/037768) was suspended in
water and introduced into the reactor (amount of catalyst = 0.5% by weight of the liquid
volume of the reactor); the reactor was maintained at a temperature of 125°C. Under a

30  hydrogen pressure of 24 bar, DNT was metered in continuously as a melt in such an
amount that a space velocity over the catalyst of 180 kgpni/kgeah was set. Samples
were analyzed by means of gas chromatography: the DNT and ANT concentration and
the TDA yield were monitored.

35 Example 6
Same as example 5 but with a space velocity over the catalyst of 229 kgpnr/kgearh.
Comparative example 2

40
Same as example 5 but with a space velocity over the catalyst of 45 kgpnr/kgeath.



5 Wavel engt h: 254 nnf bandwi dth 4 nm reference 550 nnf bandwi dth 100 nm
In). volune: 25 pl Sanpl e preparation: weight of sanple: about
500 ng + 5 m of MeOH 10 Series of expefg nents: M xtures of precisely
60. 00 g of freshly di stllled TDA (2,4- and 2,6-isoner) and 40.00 g of
wat er wer eCf exampleso i conical flask and nixed well at 85C
As soon as the sanpl es were honbgeneous, various anounts of a DNT

i somer m x in.
The cont ent o S raegPy BRI e e R RT et DA RS ERaaR o

and HPLC and the total content of all DNT isonmers was determ ned bv

means of QGC and pol arography. ThéDlgtady Fhnati on BNTHeamE of ANT (ppm)
pol ar ogr apiPxaM@fe £arried out] 15 m ngpas after [the regpewed 800
honogeni z a second [Tine 4 § ggers after The fenewed 2450
honmogeni zatA ' ¢ S He—vettpd
> 4_%'\”_ 22 9{ 3 8 S\\iﬂb ?\\II;?)E%I eg \?cll ues T ppn g ~anpt VETTEd
Comparative example 3’ 96.4 1000 19500

Example 7

The hydrogenation of DNT {o TDA was carried out in a 180 ml continuous stirred tank,

and the catalyst was mechanically held back in the reactor. A catalyst as described in
10 example 1 was suspended in water and introduced into the reactor (amount of catalyst

= 2.5% by weight of the liquid volume of the reactor), and the reactor was maintained

at a temperature of 125°C. Under a hydrogen pressure of 24 bar, DNT was metered in

continuously as a melt in such an amount that a space velocity over the catalyst of

17 kgont/kgeath was set. Samples were analyzed by means of gas chromatography: the
15 DNT and ANT concentration and the TDA yield were monitored.

Comparative example 4

Same as example 6 but with a space velocity over the catalyst of 12 kgpnr/kgQeath.

20
TDA vield (%) DNT (ppm) ANT (ppm)
Example 7 89.4 15 300
Comparative example 4 98.3 0 0

Comparison of different analytical methods for determining DNT and ANT:

Three methods for the analysis of DNT and ANT in the hydrogenation bath are, by way
25  of example, described and compared below. For this purpose, a series of experiments
was set up and the analytical methods were compared. The examples described are
intended to show that it is possible to analyze the hydrogenation bath using
conventicnal analytical methods and that the same results are obtained regardless of
the method of analysis. The three methods gas chromatography (GC), high-pressure
30  liguid chromatography (HPLC) and polarography are only examples of the large
number of different possible spectroscopic, chromatographic, electrochemical and
other methods. It can be seen from the following results that, for example, the use of
polarography is possible in principle but it has to be ensured that the samples are
measured promptly (at the latest 4 hours, better 1 hour, even better 30 minutes or
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15 minutes, after sampling). Otherwise, DNT and ANT values which are erroneously
too high are obtained. GC and HPLC enable the substances to be identified and
quantified without erroneously positive resuits being obtained.

The analytical methods are preferably carried out as follows:

Polarography is carried out in a solvent mixture consisting of equal parts of
dimethylformamide and 1 mol/l chloric acid solution.

In the electrolyte indicated, dinifrotoluene (DNT) is reduced at about 330 mV and
aminonitrotoluene is reduced at about 550 mV. A change in the isomer ratio does not
influence the height of the polarographic step.

VA-processor 746 or 693 polarograph with VA stand {from Metrohm)
Dropping mercury electrode, DME,

Reference electrode, Ag/AgCl,

Electrolyte key, saturated LiCl in ethanol,

Volumetric flasks 100 ml, 50 mi and 25 ml,

Analytical balance (reading precision 0.001 g or better), e.g. Sartorius RC 250
Pipette 5 mil,

Titration vessels

Y V.V V VYV Vv V¥

Gas chromatography (GC) is preferably carried out as indicated below:

Column: Varian — Factor Four CP 8977 (10 m x 0.10 mm ID x 0.20 ym FT)
Carrier gas: helium

Pressure: 41.8 psi

Split flow: 15.2 ml/min

Temperature (ECD): 300°C

Temperature (injector): 250°C

Oven : initial temp.:  75°C — 20.0°C/min = 250°C — 4.0 min

Injection volume: 0.2 pi

Sample preparation: sample weight: about 500 mg + 5 m] of MeOH

High-pressure liquid chromatography (HPLC) is preferably carried out as follows:

Column:  Agilent Lichrosorb RP-18 (4.6 x 200 mm, 5 um)
Eluent 1:  water + 1 g/l of ammonium acetate
Eluent 2: methanol
Gradient: 0 min 70% of water/30% of methanol
18 min 10% of water/90% of methanol
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25 min 10% of water/90% of methanol

30 min 70% of water/30% of methanol

Flow: 0.5 ml/min
Oven temp.; 38°C

5 Wavelength: 254 nm/bandwidth 4 nm, reference 550 nm/bandwidth 100 nm
Inj. volume: 25 ul

Sample preparation: weight of sample: about 500 mg + 5 ml of MeOH

10  Series of experiments:

Mixtures of precisely 60.00 g of freshly distilled TDA (2,4- and 2,6-isomer) and 40.00 g
of water were produced in a 250 mi conical flask and mixed well at 85°C. As scon as
the samples were homogeneous, various amounts of a DNT isomer mixture were
15 added and the samples were homogenized again. The content of the 2,4-DNT isomer
was then determined by means of GC and HPLC and the total content of all DNT
isomers was determined by means of GC and polarography. The determination by
means of polarography was carried out 15 minutes after the renewed homogenization
and a second time 4 hours after the renewed homogenization.
20
Results (measured values in ppm):

Sample Method 2,4-DNT Total DNT
0 GC 0 0
HPLC 0
Polarography After 15 min 0
After 4 h 45
1 GC 18 20
HPLC 17
Polarography After 15 min 19
After 4 h 34
2 GC 39 46
HPLC 37
Polarography After 15 min 49
After 4 h 69
3 GC 55 65
HPLC 53
Polarography After 15 min 60
After 4 h 75
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to any of clai modppM b3 wiGR! Bhdbdt AiE RSP GRRA bPheAluldi FHbdER balHUE M
to toluenediampe IS tcarrlfed B’Ut at ,a ﬁ Fssu%F $%t heqranghetwhrom 5 Eho
50 bar. 305, The 8345t PIREGRR: gt vaila Rl o 4 fouphapn hygveldit, pase op the
the |iquid phastotafwaigid qbtiorlligtid Gradygt cetorplrers die seaciinmoropisiarable to a
and the concent ygté nthefrafgs MEMi to@OIPAEBE welyht, askd gHitite RRasRigh of e
pr oduckoout put Filﬁ%;olagctr ?f?ﬁ.ﬁ%w{tﬂ tréla%tc;regi on between the reactor and

I THRS"SGE :

t he product iso nuni 0o a value in the range fromO to
2000 ppm by wei ght, based on the total weight of the |liquid 35phase
of the product Ohé¢ pprocess Eeeorgingc &s lamicdr dir ng, Wwheesky thé bydiogenatioh oof

5, wherein the ppatidliedsSic>RhRALEdmiHLR éﬁﬁ%&aggf& SOLP@E%HJ?Q i?fthé range

stirred tank r eﬁgrg}ogo,toﬁsbp&p reactor and a e co
25
4. The process according to any of claims 1 to 3, wherein the hydrogenation of
dinitrotoluene to toluenediamine is carried out at a pressure in the range from 5
to 50 bar.
30 5. The process according to any of claims 1 to 4, wherein the liquid phase of the

product output comprises aminonitrotoluene and the concentration of

aminonitrotoluene in the liquid phase of the product cutput from the reactor in

the region between the reactor and the product isolation unit is set to a value in

the range from 0 to 2000 ppm by weight, based on the total weight of the liquid
35 phase of the product output.

6. The process according to any of claims 1 to 5, wherein the reactor is selected
from the group consisting of a stirred fank reactor, a loop reactor and a bubble
column.

40



19 7. The process according to any of clains 1 to 6, wherein the
reactor is a jet |oop reactor having external and internal
circulation. 8. The process according t@many of clains 1 to 7,

wherein the product isolation unit 5is select fromthe grou .
Const sting o o 1% prospes BtePdoy® eariansdrls S vilsPhME ek hRan et op
The process acctragionfaviog axigrnad ard aiemal Tireda®n. wher ei n t he suspended
catal yst conprises at |east one netal of transition groups I., II.,

V., Manglor b0l L8 APR Aot 8Tabk o fyAdd O Brd Be ikt R
catal ytical'ly active netal. . . e process_accordin 0 any o )
clains @ to 9, ifelastad frame thexgrary sensicingof giftirela %@m%?ﬁnwﬁan%é dyagrgis
fromO.1 to 99%idanwel ght, based on the total weight of the catalyst.
15 11. The process according to any of clains 1 to 10, wherein the

catal yst cqnprises at |east ogne oxidic support_conponent. 12. The
process accor di nge PECERRAGAOTENG I K@M Ot JRITe T Rk MEISRRID ee BuiPgnges catalyst
conpri ses 20pl atéompnnearad lesist red mefkB of Fareitpnaregs ladicor.dVhgndior gHly obthe

claims1d to 11, puh&li€irabit addicn tM%?ckEpJEHéteﬁft&aﬁ&aéétﬁQin#%E..ni ckel and
iron. 2514. The process according to any of clains 1 to 13, wherein

the catalyst is used in an amount of fromO0.1 to 15% by wei ght, based
on the totaP. weilghproskss Aecordagta @y ofidime é 1o 9, whereirelhe tcatalys BasTsickel
process accordi Behté@ ithe @hgé framB1 o 6% b¢ waliif! ifised tRehs ARIWeRIht oS the

carried 30out iQatgl gthr ee- phase m xture conposed of

hydrogen-conpri5|n5 gas phase, suspended catalyst and |iquid phase
compri $Png fromO to 40% by vol ume of an al cohol, from 10 to 60% by
vol ume of wat er Taggrdcesdradidrding WY dking Metooii, ivbktetrniei cardiyse comprises

3516. The pr ocesgt BSGRdig Qié&p@&(c&’%{)%@{t.”ﬁ 1 to 15, wherein the

setting of the dinitrotoluene Concentration in the liquid product
output fromthe reactor in the region between the reactor and the
downst r eam!Br odilib¢ presesatcanding id amysofcdaims ddiooldt wbardimibhelagdyst sdbmarises
repeat o measur gEERIm @hd hitkedi Ni trotol uene concentration in the

i quid product output fromthe reactor at tine intervals of hours.

13.  The process according fo any of claims 1 to 11, wherein the catalyst comprises
palladium, nickel and iron.

25 14.  The process according to any of claims 1 to 13, wherein the catalyst is used in
an amount of from 0.1 {o 15% by weight, based on the total weight of the
reaction mixture in the reactor.

15.  The process according to any of claims 1 to 14, wherein the reaction is carried

30 out in a three-phase mixture composed of hydrogen-comprising gas phase,

suspended catalyst and liquid phase comprising from 0 to 40% by volume of an

alcohol, from 10 to 60% by volume of water and from 20 to 70% by volume of
toluenediamine.

35 16. The process according to any of claims 1 fo 15, wherein the setting of the
dinitrotoluene concentration in the liquid product output from the reactor in the
region between the reactor and the downstream product isolation unit is carried
out on the basis of a repeated measurement of the dinitrotoluene concentration
in the liquid product output from the reactor at time infervals of <24 hours.



