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 on of dinitrotol uene.
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10As reactors in which the process of the invention can be carried
out, it is in principle possible to use all reactors suitable for the
conti nuous hydrogenation of nitroaromatics. Suitable reactors for the
process of the invention are conti nuousi;y operated stirred tank
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The supports used are preferably nesoporous and have an average pore
di aneter of 30 from35 to 50 nmand a specific surface area of from
50 to 250 nR/g. The surface area of the support is determ ned by the
BET process by neans of N2 adsorption, |41 particul ar in accordance
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selenium tellurium tin and antinony on a support for preparing
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ani ons. As AB subp&t RRkdreRs, drdtere i i LiRbLa f a
super nat ant l%%hit’é) i ‘?”c»&@ t%ﬁﬁégf gﬁé ﬁogltvgﬁni?%grg'ﬁglfgﬁ?%cg%é@hgiéﬁg% B%\Eh
particu gr E,t %q; H i A 20 THhEX d B‘E’%P?'g?n%'_c 0% S99 doxsi5orslicrr gankife,
dried, % ef BFE ‘5’"’6%‘”@&‘8} oyide BBEvesiun Mxidee dirpim Iioxideariscanfum dioxide
hydr ogen. Thahdorchsfnibm dibkidetoedy mibpdureeofawpl @, mbre @eredt, a}jaﬁiog@hgrp@efglxég@.
Bef ore T emyplonofn dibAe: 0] Y0, STURPSIOS ZRYShoich 8 SRl Bl 1S
as’n

passi vated, for exanple under an Inert gas suc i 't ogén

cont ai ni ng hréaces of air, preferably not nore than 10% by vol unme. 25
The hydr ogeh3? PYIPORS UBRY tesrrafecbivdneeprowus lnad ihavean averags potaciEindtyr of
thi s meBhodfrpnébde &bnm arehpspeificfsudaelarba bOIGAEGD Yo 260 @Y%, e surface area

|1 adi i AR i f t0 5% by,
pal gﬁtl um ti)ﬂﬂ*@ dppbR @Qfété?mﬁéﬁ'tﬂhiheOEEﬁ*;&%érs?ﬂd“rmgé@%‘& nngnqg%%p{%gm

. .t e . I
producti on 8 ]fﬁ_e @5%@%@%%@@%2@?&&% AVRIBQP BRIE distey and theneore size
i nvention, FRECYICIUETS GRteaningtdyc dlgaPgrosimetry, éf fedicaldr by adoridhnan wath
sal t s havi ngINa6&188uci ng action, e.g. ammoni um car boxyl ates or al kal i
nmet al cas boxyl ates, for exanpl e anmonium fornmate or sodi um formate.

of the et a e anigl o RESK dnolietAR B oashoi ulecetat ey achioved
suspensi on. PYade puptamagssuitable mmethods whieleare] kmoparte aqersan skiléd i the diblisof
or chlori de%alw%ecgnbﬁgmm émpbdérg whief ewiﬂedme@o’at&ﬁ ﬁgétgd/éb%;%ﬂegﬁﬁaﬁon
corrosive. Jhimprnbedhami e rfothl %ﬁétgagsa?}g ‘réJQut?séﬁuef%b WHed Bnd dhii
| ut heat &Y AP §IGRE Py
Cof Fu'x."@ﬁ@*@%i\’%ﬁ%?iﬁ%9@%}%@3&;%3;4? i AT SV Bl B
re

gas stream which comprises free hydrogen. This activation usually takes place at



conprise 2,6-DNT, with these m xtures preferably conprising up to 35%
by wei ght, based on the total weight, of 2,6-DNT with proportions of
from1l to 4% of vicinal DNT 5 and fromO0.5 to 1.5%of 2,5- and
3,5-DNT, are hydrogenated to the correspgnding ami ne. The DNT isoners
are frequenttI% usgld i n @he i soner_ratio obtained in the dinitration

of toluene. THPPRETS BIRS BNgP TOR3] AIREG dieteraRly in the BRIe Gemtafeto 150°C
2, 4- DNT/ 2, 6-aRPafiodiady erefermbly @t 100°Gs de igas piean foosfemnblaSompfiestittng 50 to
with water, #@8%abyrioltmeef Wdrbgatpd®s et ® B508) 6PAMME o?ﬂhr\ﬁgéﬁ. e c?a?agast
m xture wt ' nd catal yst-reactjvatin
T L1 ver | prot@ioBt fordfe 2oty KPR Ry @?Sy%?@e%\&{ uGog g At least 70%

It ds |ikew.se poss fo
al cohol i & soqﬁ\%[f?‘fjgéiwp f?ﬁ%@%‘r"@%"’“t"ﬁ@ﬁéof to be introduced together or
separately in addition to and separately fromthe DNT. 15 As can be

derived f;og}ﬂg'@bph@ b&amsts DbehirAOH Ghis Ay MP@%%@& 1200 ckd? il surface
rocess o B € | nce or .,

Br esence of _an bf?ﬁ% &@12(@{1151%%% ggﬁdba&(?at%bllyﬁ?m 3@3“??@?‘? Fpub B Moy Ehe

201 f an al c6¥1°<§?€%°“§%\ Qtﬁke %F?EYS%EF eseddn yig progesist 9fvbe inventiends genesalyrie the

used, it10 s rengecim el & 89% duysweiphte preerainiyl imtet rangss frofh 1 WO90% HYOKEIght,

thereof . Al pahtiliady prefaraiy h tHS efgakien Be/s59] t’hﬂh@%ﬁt?b eB%H%estoFbﬁ‘V\.{eibgt
fromlto 60@3{9%&])%{%51 preferably nmethanol,” ethanol or propano r
a mxture of two or nore thereof. 25 As catal yst-activating

additives, preference is given to using aprotic solvents, in
particul ar HtéedneatatyisiseafHis feorhodimente areddencrive, ¢or dxaimprRh el gibAckBks

a mxturié ofER WesP2oMAT end BRHEBE 238A1The amount of the al coholic
sol vents used and of the catal yst-reactivating additives is not

restricted in angorggrth&}gl ar vvag/ for the purposes of the process of

the i nvent i Sh@&FEOEHAMBIBAYLANG nventipnpgctivalgd migkal estalysteds desarbed,aot

i n accor dan&¥amplehin VéQ 2DY/rfTTe Allare ase infiier preckse b @i imRAtioR ActSi8ingly,

i nvention, thephyshagamtidintdht bBthe HvEHRM, Qithvalel nﬁ:é&!&%% F%ﬁ’é‘s?@%% Ni/Al
S

m Xt ur e »gf - ' hase, .suspen

A A R R R L e
10 to 60% b gvgﬁeui’e ofNPyfh &Y. Mihd@ier FenR2dCa, iRhy 395 Buy A, ukeansf BT Bvk, uses.
defi ned aboVbe d¥bree ohtiapinsis in thetrange frsmfoaays ap auighBiol20ePbyl &MY for each

wei ght, pr etiepiadimehR e aldagdpdcidsizdbt the PASESs A8ed Eﬁéﬁ'ﬁl wei ght

of the three-phase m xture used. 40 The invention IS I rated by

the foll,Qw exanmpl es. 9 Exanpl es Exanpl e
28 Pnga tﬁrr&r%m%odlment of the invention, catalysts as are described, for example, in

WO 2008/138784 A1 are used in the process of the invention. The invention thus -
further provides, in a preferred embodiment of the invention, for the use of
hydrogenation catalysts comprising, as active component, a mixture of nickel,
palladium and an additional element selected from the group consisting of cobalt, iron,
30 vanadium, manganese, chromium, platinum, iridium, gold, bismuth, molybdenum,
selenium, tellurium, tin and antimony on a support for preparing aromatic amines by
catalytic hydrogenation of the corresponding nitro compounds, in particular for
preparing toluenediamine by hydrogenation of dinitrotoluene. The additional element is

preferably selected from the group consisting of cobalt, iron, vanadium, bismuth and
35 tin.

As supports for the catalysts, it is possible to use the materials which are customary
and known for this purpose. Preference is given to using activated carbon, carbon
black, graphite or metal oxides, preferably hydrothermally stable metal oxides such as
40 ZrOg, TiO;, AlzOs. In the case of graphite, HSAG (high surface area graphite) having a
surface area of from 50 to 300 m%g is particularly preferred. Particular preference is



5 Acylindrical |oop reactor having a driving jet nozzle which is
driven by two centrifugal punps connected in series and is arranged
centrally at the top of the reactor and opens into an external
circuit, a concentric plug-in tube and an inpingenent plate in the
| ower part of tEe re%?tor for deflecti nﬁ the | oop flow (internal
circuit) (fdMPAL ATy TPRAN RIFICHEr physically or ghentientiy aet@bl girhorngasr
used. The r&adenslackosuphms@retylnee bledct or was about 14 nB. The reactor
was provided with a bundle of field tubes connected in parallel to
renove the Rg ' AR Lng water fed into the
field tuges V\gtga%&gfs%eé.hgp 1‘% %ﬁ‘%n’gerf ggoéﬁ' ?é;dg ex?'EQStQ}?'n&/ﬁ'b' Ctharg'”g
mei nt ai n@d 1S AIFBAE 209 FENdMg t inlp GPRIReE wilheAn aFoHs selktion of dheipeliagiupwarnss
600 rns/h waiekelispdulogeibar vith thaeddiborekelemeal Hprepthecmaint ofuihd wat@suged for
resul tof wilsstiviag nesaluy shalicops eficrabetib deBidi piie ICRIABL! ARCHRY K
the driving .in Hhe tor [ ut of a l'iqui
hydr ogenat i %éﬁagg%#ﬁilgmo%@%? éjg f@gggﬁ(g i@?ﬂ?/%ogy ﬁ’eﬁlﬁ&?’ﬁ#}? Wsﬁ'ﬁgthe
and wat er i AUEPWaES MekRlSglts tsg Smadey inypariiqulag of sviraisorrichisvisies wilbingretes
of a netl8l | beingiprederred heause thep rretsoroBIDR. ahel pZstd R hpradndake aater is
descri bed i theaxevapbitedl QhddrReduchl lpréshlreBf te Bt 66 10 reRéRSsPlo
a stirred mihhc her gxanﬂ?ge%irp% ?A_rgfé%%@r P Gr G2 3'@95% gorns'éterdﬁ}q the
particles having a dianeter of’ =abo 2°pM. '56% By v PruRe  'gasense dft
10 pm and 96YBRRPUPBI FhePaFTied gULIN A strpe JreteagerdFisipg |afides metajhto the
scattering Ewneforieen bebaffesiediwhen usihg ahlbddessas mefahgalts hywadi@iion BEFRans of
suspenddd angdrogen. AHbhdveQ borrBi6H @8 DM@ Sheid SHY At
surface was gikdistnds! liﬁg%o ”@%}%pghgf i ! C%er. dr i vi ﬁﬁﬁ%g%ﬁy%%%%&ﬁf&?@y
this there 25 were ahout of a'gas At osphelePYAYL. Ry Addlen of an
cont ent was 28U FOHBHB kel “@?’/&B’?f’%@fﬁﬁ RBd EHpseguenttwashing of ithe support
gagets/ﬁucp ﬁﬁa f:‘g& Qﬁgnpgm%tmh ;;nz:tia%,gsa;ﬁ;gas aamblso(bﬁefpgé(ﬁpi&te_foe%t th a
: 0 andiSolutieRbe o the s@iRHlungE alkalife eondrRAR ik PEFc@alBre Mb
O(f) the 294- t’RAnde Aol td & OFIR" Siphdh B hak igloe(%fpr%grogéf. goﬁﬁ%ﬁoﬁﬂaa
5% of the re%r‘alngn | Somers and tracesGPEREHi A5 GE6 OV
i nj ected i nf"f Feany okhydeqgens This gan ba @ffertedformanpienin a raterysEphagm
net eri ng pufyen. Befaregeupenl off 136 chialystviismsibe dvan,the daehet & pRsivated, for
si mul t aneousxdniis afdst drDmeATya8 RO a8 nardgBn @bnBMILASRS %?h{g,%r@%rém& Rot

about 2 kg/h, %0.,0f hydrogen was netered 1 nto
hydrogeﬁgti oﬁ%??ﬁ@ﬂ@@gﬁuﬁ%ﬂ e ring above the inpingenent plate and

5% was tered in at the reactor outlet. The reaction proceeded under
| argel y i sof herwdiogematidnt ¢abaiysts heordiegcbithe iBfentienippRiudéding hRTRidhRA
i n the ranggrefdrasly ddpiise flod®6.5t9 56418 £aGH | it -
625 kg/ h of Srﬂwic?g}%ﬁ\ffrﬁﬁs% ghﬁ, A%ﬁ%%éﬁp i%ﬂn%aﬂ c%t ,gflrrcslrgt1ﬁit§]‘§g\é,tﬂé}r)ﬂe|ght
(partly separated o Pom PIe h@%’ SLIGAGHORA SETEP i n t he wor k- up
section) were nmetered in, |ikew se continuously, by neans of a

di aphr agén pling. fulther @ambodimeof of dhal prsductionmf i the chyldFodehatinS HRBIGEE | Med
was varied adtoriidgiodRt BleMRANMRE rédich - '

order to 40 aﬁﬁ.}eq éﬁ% tha' aw&cgnt aﬁcgiw%ﬂfg%gﬁ%t%@a&%?%dgoy%ﬁ? h %f salts
kg/h. 10 T e he PG d QE@EWOP{HW% PYIRLES OF aK‘S g‘%%pgrbg)pylates, for
appropri at eemﬁﬁwom%rf@g@%@r GRdRo fnmatender tiaik epurpfst, the support is
cont i nuous| susperdadtihevatertapd tisd sqiutiodsiof the infetalishitOfret A8 P BIRRREHDUSE $th
of the 2md eester slidt@abiop Udmanfsdigdudd™ ] Clegkkd & vin

a liquid v%m. %E:?E&@ 50, 18 S%grlnﬁ lééegégﬁgr ﬁ’;@nﬁ)@a&b&gﬁﬂa&% 6&8"@, Sg’
catalyst could 5 concant Fare T PEFuSP Fe GS8PBPsYheTha aglist hadng &g
st andard nalEAUERY a5iioR S adsier dp tissolulipe Rah e steppsiosiipheaiet, éoreample by
reci rcul at ekbiling unkler reflot. iTha csialystsafre sitBedsdntiy eabidd @Al 2RIORD andMitdrbe

same tine, fapewmple By ebndbr IWEr 08084 AMRLATURL W& & %&g%dkg,{oe{.]?@ﬁﬁege

| arel | | gkt | v._Th ;
i ot “Yom (T EEol et bt iR eiehG et s ginioehly veed mesbedrundie
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40 inclined bl ades pushed the hydrogenation bath downward in the
interior of the reactor, and the bath then fl owed upward agai n al ong
the cooling coils; the |ower set of inclined 11 blades, on the other
hand, sucked in the thickened suspensiorg flow ng back fromthe

| anel lar clarifier which was |i kew se used here and pushed it upward
into the flow generated by the upper set of blades. The amount of
cool i ng wat €f thegropassoot the invsotidn @,4BNT sorvisdustiat mbdured atterédiavhich further
L erper at ur e ompHiée 2/6NGT OSSR HRSToraBly! dnckRG U 05808 ph 10uiR
126C. The r epstPh ' . \g;gg a_llqul rqogenatron >
bath. This caﬁggir St %%%%‘igj iﬁg QEC%}\%— a m ﬁ'{c’ﬁ?’&%ﬁ O#f%,&qi ﬂa%a?fé’ﬂc“?% DINT
mass ratio of -0 58" 1§ 43% i 2 39NT .52 iy dinspagied & theheorrespanidinge
Ni catal yst 2uiipgpotheeBNdnissne amdraguedly asednianthicciseder mRtieXeH@hed b the
was suspendethiteatidn of toluadeli t i on, hydrogen was di ssol ved. Above the
surface of the liquid there was about 5 nB of a gas atnosphere whose
10 hydr ogen cqgnt ent was sef to from90 to 99% by volune (in addition
to inert gadd SRIBHPSE LT (88 INKSNTIRL PP RefoBNT\Pr dhes RUPNT/AG-RNE minitbreadah s
stream 1§t MEEDIN PH5E fesm, BAR hixturedith wvatdroas a SAGLrebICWaPBRG S &fhoBblicd
m xture of thieerdt, ct-asanthniiufs W wabTBA SiddRoft 5SHdr? RE 2APAUR <8 iv20)
and about S%giivd. ftes MleMie A Ib?&%{a}s}é and r/arcﬁs of, b _ ing
mononi t r ot ol,uene, e eterad by means’ 8F A A QLFIPAIGHS SREYaBES Srgnisiuras
o a funndieredtie R etk ioprinener sepriataly Bracsiion fie 2tch serapately famdihe
conveyed t h&NINT downward via a line into the hydrogenation bath

bet ween16he sets of inclined blades. A pressure of 25 bar was set in

t he reactor ' : L0t tion_ of -apout 330 kg/ h of

hydr ogen (dAF)&? @g%&%ﬁ@g@gﬁ@%ﬁ?gﬂ ﬁé:no?a' ?9"%’%8%?89%’5@ n{Re process of
met ered i nt @%‘H‘@”H%?%b%%%fﬂ%ﬂﬁ%ﬁt the @psenge Qbpresenceiafi gn witbedlicwalvent and
instal | ed caseielst-getivatingadditvdie two sets of inclined stirrer bl ades
and fastened there by nmeans of frane supports. The reaction proceeded

under '.'E‘bgeif)éniﬁ?&wlgcréB?JenF?ﬁbdéEé glggt;r Lo addition, 435 kgih of a
f . dAT PN RInNe Al pre st S epuparbe
z:‘stpfpglmo'?hgoﬁé})&qe@%gﬁﬁgg%sﬁﬁn@e Rfﬂ"a‘;fﬁthczfﬁé)f-vmr k- up segci&i t)n? vve?e

netered in, |ikew se 25 continuously, by neans of a di aphragm punp.
The anmount Afcohdiie soRbats iSbd BRMBIESARRATR él&%ﬁm&%@rﬁg%}soe 1188 chioh Hormd)

a targeted mO to 5 kqg/

concent ?gt i g%mz;%%y b/\-l/gtsh%gﬁ %@%ﬁ’za@rﬁﬁ%}d ?frﬁ:l'@lxl(@e RPR or ierecdbersof. he
liquid vel of the reactor constant, an appropriate anmount of 30
hydrogenat i 6# qotahirectivabing mdiitrespfpfeferantd neiqiehytov isin@mpRyRT §diRand

fed into a pat@ldraieohal difib@ ' i L ut, 16
and a gas VngH ,:r,(pe]‘:,i:(g{bouti 4 ?rligd?ﬁl%@ﬁ (':g?%?@ﬁrqgt\éﬁyg@éﬁigﬁgh’ftgrei ?‘fq%ﬂe

| ower region of the clarifier. About 30 standard nB/h of an
appropriately thickened suspensi on were then sucked back into the
stirred3@ ankidgmawd s thef altdhelid sabentssededeindf adecata@fstrdRni4inl 206Eves is

bl ade sti rredtreshictddia 253 MBrtkilTRwayer %Q%Ppo?e@oilt{ﬂg %cce&ycgr Oe%enatt" on
product werg. t anel Lar .l ar frer Vi 8 anovars fewtionand
pr oduct cg rr%rnl ?g%?sﬁ r%fﬁ%%l%?ga k’ i;ﬁ:rrb?k?"%%w %:FH’: 3?%%@5%&"‘*@1[@'&1Ff»‘rbgmzon
corresponding to that o e used), about O. of low an

hi gh boi | erls a#rafesred ambodioenidfoh indéhtion, R hydregeHREbH is2aftiek/clt Ba MRLET
and up 3® IpHegs milre GRhArYSdn-doRRikihY ghd Eﬁ’a@% suk Snc@é%%ga%/eggﬁcj IR id
product was : v SpLessur e Fed ction ke the % 1quid phase
hydr ogenat i%oﬁ%'\ré@%ﬁgps{%f&d{) h%yalr"@%f:’ * §'°?rﬁ§)ﬁr o 1619R0% Ry welwmaichwater
vessel and 3V KY & (R¥6 by ¥alupersf TRAas Hefined abhee. Mibe katafystbyontent is from
distillati cpout 02 Wolddebyweight, griferabintrent ©f sV REghtAMsddord BR tot
hydr ogenat ivesighiat the tsreePhsse Akt pd/sR@gnsi on were taken at intervals o
not norg than 4 hours fromthe |ine fromthe stirred tank reactor to

the | anell aTr clarifier. These were freed of suspended solid by 5
he invention is illustrated by the following examples.



20 The stirred tank reactor described in exanple 2 was used and the
procedure described there was enployed. To achi eve better separation
of the reaction products fromthe catal yst, to make oxidative

poi soning nore difficult and achi eve opty mal hompgeneity of the

hydr ogenati on bath even at a | ower reaction tenperature of from 100
to 105C, 25 ethanol was used as additional solubilizer. The catal yst
was accor di fe¥agnplest i ntroduced i n aqueous suspension but instead in
the formof 0.5 t/h of an ethanolic suspension (ethanol recovered
fromthe hygs gﬁﬂgqlon product in the work-up section was nostly used
here). The anou of the catalyst conprised in this suspension was

varied in a targeted manner in the range fromO to 5 kg/h as in

exanpl e 2 i rh eylideicat ioos etactdnéadhy amvmgtjatemzﬂa'wmﬁ :@ﬂﬁvéﬁ&@ a8 c@Mﬁ’ﬁ%ﬂﬁ

J ust under uK‘@é fbonﬂ_éwecpwgéne%'é?l\ﬁslsvﬁfaﬁ &F(}gﬁ {Oph&Xtﬁ ?(itor and
e

The about 5.4

clarifier vi e'ﬁ]mmo&n %%{@Fn%sagpcu r?&% 939' ooglf? 8. b‘? ? 8 InRipgenIGt Rias in
i soner di st MRS PaFPY g@p@ﬁ@‘i“héort @?flsgmh@? leop tive MKEMalseictuit) dbotite
0. 05 t/HOof funpliorzeh dbrihcigh, bDiWOr200/B5852 Aldtvies ofedabipit redfioh VRIMARBE the

about 2 t/ hredctovagy ab@lﬁow m@. Jwahé bk ‘ﬁéshﬁl%g’d r\ﬂthug bt Efge%]d L(bies

catal yst ( i ti.on was conve a
pressure rrergaﬁljtlé&ed P%%?all?l tog%‘fe fggﬁﬁ? ?;ﬁe?fg sarB‘?u”BPﬁ%qO“'FQa!é{éieﬁf%j
into a joi nt'”‘i’mee b &bgp avagesgl 9 t‘?ﬂﬁcﬂ“%ﬁ@%@ﬂemthm&eﬁst ya$ mantaihed at
to the wor k-abputlp0tl. Sbirhdisttinahe 106 fieletavolinefidwer o0 BlvadEirceddA the

and ANT 16N teR@riay Qfdbﬂ@tnéﬁdu@ n&@gt r@suitséfrm[ln@ﬁ a é}re&#ﬁ@ %Flﬁa'r sk %’@é%ﬁ t?q%?vg%f

at interval hours fromt

tank react O%S@Bh%ﬂ%& Pgr#e? Id”}“n%lleélnfaﬁleer he rf%“ﬂ*h‘é’@@”ﬁ%? abqut 4@’ a liquid
suspended s&YArageRplien bathathiveonsisidaseentisiceli mixtiroof TIA aibwatet ina mass
conpounds ¢ oatiordf B V42 ml?mcm%mm 51§z)byrmagm Pl hehaE Ngéagg?é{ -SU ;Stﬁtéa'\&B
concent rat i @OV &6 ($r8dides e§(9|b moé}ééh(p BE> 3981 2 mif ted
T R ey R s
suspensi on 844 8 Q'Wtﬁ'éaTcﬁéPOl{@déﬂ aiify &y .voliime are asélmut il simoaret 0% by
under the cooidintisonxabeutt i5omenéaured ByDadeh igmiskiiihg %Mgiﬂé%'l\%?érsmer 3)

e o &Oaﬁermg'?"%aﬁr PubleBuepdliid shd5f %5’“ Fefose! ﬁgd‘@at’@ﬂ%
25 ?fewi%g@a%%gp%vngs w'aa J?*H&Zé'asé%pwerfbm theye

each case fr
nmto 18°nmige %P%gm tof &f gasi simesphets WNBedWrcmna:bhlenmmm to Frotha@d to
st o:c chi onet B6% tE}OVqIJ.OBﬂ;égn Cadg\;ﬁ)n t&ﬁheﬂ@fa@ég/@ich%s N})?@h%%ﬂb Qilscharge of a
erformance o
gpem es (foﬁqm)gggﬁéés % %ﬁ{ﬁgtzlé)hgsﬁ?m}%ﬂ% Eg%gi gcgiagat{t%é éjd’@l o?'ﬂ bsed 5
Exampl e 4 AS ) NI g ?‘Qﬁk"a?' glcabgnt %%prﬁt%’a‘bog’f o 19f the
hei ght: 4. 774%aiyiag 'sgmerﬁsanﬁréﬁeea el mOSDIBWC)tDIha\ﬂ n'gascmjabﬂedgnioOﬂhngas
f ast ene@0i nspdve Gfriherdator bR ridads Iof @i didphed 33? h@té‘rméqj&_ﬁ{p w@drbssﬂﬂgoﬁz bar

doubl e i ncl V.
the 20 cool tﬁgggght%é%% b!r%?m%%% &ﬁiﬁitm% OSI S?Lftrbbe“-h{ﬂ? 8ftrpy§?°9ﬁ9&q0"8§9n
were made vE&ry 2niit Pt AiMeRpe r@u‘?"?@a3 j iftosthe §idrpgenson eath
m xi ng of t W@ aNRFEisgiwaatiovs theaimpingemiel plits endti¥e wae adtérod inaisthe as4dterd
out as descomtdeheﬂ rex@pl grodeeded under largely isothermal conditions: the reaction
35 temperature remained in the range from 116 to 126°C in the overall reactor. In addition,
625 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
continuously, by means of a diaphragm pump. The amount of catalyst comprised in this
suspension was varied in a targeted manner in the range from 0 to 5 kg/h in order to
40  setthe DNT concentration and was on average about 1 kg/h.



Despite an average concentration of the fresh catal yst added to the
aqueous 25 suspensi on which was doubl ed conpared to exanple 2, viz. 2
instead of 1 kg/h, i.e. introduction of twice as nmuch fresh catalyst,
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15 Conparative exanple 2 Same as exanple 5 but with a space

vel ocirr{)y over the catalyst of 45 kgDNT/kg“"th. 5 Conparative exanple 3
Sanme as exanple 5 but with a space velocity over the catal yst of 284
kgDNT/ kgeat, h. TDA yield (% DNT (ppm) 4ANT (ppm) Exanple 99.1 29

27 2450 arative exanple 2 98.70 0
oo At Tve biadn-on. 1S oy hangmOHBLIhe HokaRmispeTsion flowing back from the

lamellar cianfler which was likewise used here and pushed it upward into the flow

generated by the upper set of blades. The amount of cooling water fed into the cooling

coils was set so that the temperature in the reactor was maintained in the range from

5 116 to 126°C. The reactor comprised about 18 m3 of a liquid hydrogenation bath. This

consisted essentially of a mixture of TDA and water in a mass ratio of 0.58 0.42 in

which about 5% by weight of the metallic Ni catalyst supported on SiQ; and ZrQ,, as

mentioned in example 1, was suspended and, in addition, hydrogen was dissolved.

Above the surface of the liquid there was about 5 m® of a gas atmosphere whose

10 hydrogen content was set to from 90 to 99% by volume {in addition to inert gases such
as Ny) by continuously discharging a small offgas siream.

5 t/h of malten DNT heated to about 80°C, which consisted of a mixiure 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 fraces of mononitrotoluene, 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 2kg/h of Np). 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 kgfh.

To keep the liquid level of the reactor constant, an appropriate amount of
30 hydrogenation product was taken off continuously 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 concenirate in the lower region of the clarifier. About 30 standard
m®h 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 5.8th of hydrogenation product were taken from the lamellar clarifier via an
overflow. This product comprised about 3.3 th of TDA (with an isomer distribution
corresponding to that of the DNT used), about 0.07 t/h of low and high boilers (in a ratio
of about 10 : 80) 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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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
15 appreciable change in the stoichiometric composition of the catalyst or its catalytic
performance was not observed, nor was formation of oxidized Ni species (for example

formation of Ni(OH), by oxidative poisoning).

Example 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,
25 ethanol was used as additional solubilizer. The catalyst was accordingly not introduced
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

30  concentration and was on average just under 1kg/h, The other flows were as
described in example 2.

The about 5.9t/h of hydrogenation product taken from the lamellar clarifier via the
overfiow comprised a good 3.3 t/h of TDA (with an isomer distribution corresponding to
35  that of the DNT used), about 0.05 t/h of low and high boilers (in a ratio of about 10 : 40)
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 info a joint intermediate vessel and was fed
continuously from this to the work-up by distillation. To determine the content of DNT
40  and ANT in the hydragenation bath, samples of suspension were taken at intervals of
not more than 4 hours from the line from the stirred tank reactor to the lamellar ciarifier.
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mp P pﬁ] e sopd an us resultgd in shghﬂy poorer mixing of the hydrogenation bath.
Otherwise, the reaction was carried ouf as described in example 2.

Despite an average concentration of the fresh catalyst added to the aqueous
25 suspension which was doubled compared to example 2, viz. 2 instead of 1 kg/h, i.e.
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 exampie 2, from 3 to 25 ppm, and values up o
300 ppm were sometimes measured. The average DNT conceniration was also slightly

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

The reactor was operated under the conditions mentioned for three months, likewise
without significant interruptions. During this time, the crystallite size determined by
35 means of X-ray powder diffraction of the Ni catalyst which was in each case filtered off
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
40  three months in order to prevent a further increase in the concentration of DNT and
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pol ar ogr aphy.

determ nation by neans of pol arography

of a mixture of toluenediamine (TDA) and water in a ratio of 0.3 : 0.7, which apart from
the dissolved hydrogen comprised only about 1.5% by weight of the metallic Ni catalyst
supported on 8i0; and ZrO, which was mentioned in example 1 in suspended form.
The amount of the fresh catalyst comprised in the aqueous suspension fed in was on
average only just under 0.5 kg/h.

The reactor could be operated under these conditions for only about one hour. The
reaction then had to be stopped because &f a decreasing uptake of hydrogen. The
polarographic determination of the content of DNT and aminonitrotoluenes in the
filtered sample of the suspension taken from the line from the stirred tank reactor to the
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 crystaliite size
and stoichiometric composition within measurement accuracy, but a considerable part
of the nickel was present in oxidized form (mostly as catalytically inactive Ni(OH),).
Replacement of the entire catalyst was unavoidable.

Example.5

The hydrogenation of DNT to TDA was carried out in a 180 mi 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
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 kgoni/kgeath was set. Samples
were analyzed by means of gas chromatography: the DNT and ANT concentration and
the TDA yield were monitored.

Example 6

Same as example 5 but with a space velocity over the catalyst of 229 kgpyi/kQeath.
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Comparative example 2

Same as example 5 but with a space velocity over the catalyst of 45 kgpnr/kQeat h.
Comparative example 3

Same as example & but with a space velocity over the catalyst of 284 kgpni/Kgear h.

TDA yield (%) DNT (ppm) ANT (ppm)
Example 5 99.1 29 - 600
Example 6 98.5 127 2450
Comparative example 2 98.7 0 0
Comparative example 3 96.4 1000 19500

Example 7

The hydrogenation of DNT to TDA was carried out in a 180 mi continuous stirred tank,
and.the catalyst was mechanically held back in the reactor. A catalyst as described in
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/kgeah was set. Samples were analyzed by means of gas chromatography: the
DNT and ANT concentration and the TDA vield were monitored.

Comparative example 4-

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

TDA yield (%) DNT (ppm) ANT (ppm)
Example 7 99.4 16 300
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
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
conventional analytical methods and that the same results are obtained regardless of
the method of analysis. The three methods gas chromatography (GC), high-pressure
fiquid chromatography (HPLC) and polarography are only examples of the large
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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
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 results 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, dinitratoluene (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,

Volumedtric flasks 100 ml, 50 ml and 25 mi,

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

Titration vessels

YVVYYYVYY

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 um FT)
Carrier gas: hetium

Pressure: 41.8 psi

Spilit flow: 15.2 mi/min

Temperature (ECD): 300°C

Temperature (injector): 250°C

Oven . initial temp.:  75°C — 20.0°C/min 2 250°C — 4.0 min

Injection volume: 0.2 pl

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

High-pressure liquid chromatography (HPLC) is preferably carried out as follows:
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Column:  Agilent Lichrosorb RP-18 (4.6 x 200 mm, 5 pm)
Eluent 1: water + 1 g/t of ammonium acetate
Eluent2: methanal
Gradient: Omin  70% of water/30% of methanol

18 min 10% of water/90% of methanol

25 min 10% of water/90% of methanol

30 min  70% of water/30% of methanol
Flow: 0.5 mi/min
Oven temp.: 38°C _
Wavelength: 254 nmibandwidth 4 nm, reference 550 nm/bandwidth 100 nm
Inj. volume: 25 ul

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

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 ml conical flask and mixed well at 85°C. As soon as
the samples were homogeneous, various amounts of a DNT isomer mixture were
added and the samples were homogenized again. The content of the 2,4-DNT isomer
was then determined by means of GC and HPLG 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 homaogenization.

Resuits (measured values in ppm):

Sample Method 24-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
After4 h 34
2 GC 39 46
HPLC 37
Polarography After 15 min 49
After4 h 69
3 GC 55 65
HPLC 53




19 Cdains 1. A process for the continuous preparation of

t ol uenedi am ne by |iqui d-phase hydrogenation of dinitrotol uene by
means of hydrogen in the presence of a 5 suspended, nickel -conprising
catalyst in a reactor with a product isqéation unit downstream of the
reactor to jive a product output fromthe reactor conprising a liquid

phase conprilsi ng t ol uéREmaEarntie afiterddmiior ot ol lene, i n whi ch Boe

ni ckel - conprising catial yst i s sudpésiddd, wherejn the concentr &bi on of
dinitrotoluene in the liquid phase of the product outpuf fTromthe
reactor in the 10 region between the reactor and the downstream
product isolation unit is set to a value in the range from1 to 200
ppm by wei ght, based on the total weight of the liquid phase of the
product output fromthe reactor.




2. The process according to claim11, wherein the concentration of
dinitrotoluene in 15the liquid product output fromthe reactor is set
to a value in the range from1l to 100 ppm by wei ght, based on the
total weight of the liquid product out py fromthe reactor,
preferably tc9 a value of from2 to 50 ppm by wei ght, based on the
total wei ght”'3fSthe 1iquid product output fromthe reactor, nore
preferably to a value in the range from3 to 30 ppm by wei ght, based

on the totaly wei ghprogdsst e tﬁ@{cbﬁlﬁh usgP%%H&&{ﬂrg%E?ﬁﬁ?r{?rg%gbgﬁgﬁ%se
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f' ?i s é to 3, yvldawmsftne_amgf thy ehzoige adiveda pRiduet ditdut GbR) tH@?t?acfo? cgmprising

ol uenedi amine ig 0 - .in_the.range fram5 to

bar. 30 5.The pr ocgﬁior gﬁcoer g%:rg:%ﬁstu@ %@é‘gyﬂéﬁ‘fd& ?réé]f 'Q'tBOQ%f’e'Wné? e“?'?‘lc'? e
li qui d phase of e pPORTERS of PR SonpisPededanivivsaint thy ofanepmiraiod of
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product 10ut put f reafantbewdedatbé eacton ahd the' RUINSFeAEHMBER i%o%ﬁﬁ?k%’et%@

2000 ppm by vei gl e Ridngk FoRE! o Doty ol bRa o sl et dne

2000 ppm by wei ght ., based, on
of the product OEQL{‘)‘{J? 125 Of pﬁ?‘ﬁ'&%‘%‘gplﬁ(ﬁf@@rt ®RFCIH any of claims 1 to

5, wherein the reactor is selected fromthe group consisting of a
stirred tang r caThoproodss @fﬁgj@&@b@rm AbhatoiR DL oERIHBR of dififotbluehlfh
process qgccor di Ngetigyi erein the reactor IS a
jet 1oop reactor 5 @Iwﬁ oeogjt%&%@t?@ﬁéhlgﬁ?agprrlglse(t,??%ﬁflﬁ?_lnéﬁ? ragige figm 1 to
process accor di nﬁ_’g RBP4 Ry WO Base of the tetal Welghbefthe Hauig pragiuettoutput from
i sol ation unit 5i¢ reedterc pesterablvin & elugod rpmcdlusttprin by Weight, fhiaké®bn ik

static decanter il waighy bAMNediqdRIGRBARE ouBut 416 thY REERF AGE P88 a
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conpris at | east .pne t [ ansi

and/or YYil. of 'ﬂs%@p%ﬁl@?%tawcﬁ%meéeqiqﬁoraddi tion to nickel as
catalytically active netal.. 10. The process according to any of
claims 1 to39, Wiy girdcekbeacdidilgysd dasm a BF CXelyn&GRM L BrohEatloRN
fromO0.1 to 99% By¥Rh R to l?&ﬁé‘gg;f?a%ﬁeh% X P e'ntgahgenggfrﬁjr% igat}ng ﬁ%/nsff

15 from 50 to 250°C.
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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 output from the reactor in
the region between the reactor and the product isolation unit is set to a value in

the range from O 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 tank reactor, a loop reactor and a bubble
column.

40



11. The process according to any of clains Ito 10, wherein the

catal yst conprises at |east one oxidic support conponent. 12. The
process according to any of clains 1 to 11, wherein the catal yst
conprises 20pl atinum and nickel. 13. Thegprocess according to any of
clainms 1 to 11, \Aﬂgrei n the cg,t alet/st conpri ses pall adium nickel and
iron. 2514. The prote? 2 %5e FEFUTIRG 1 aNvasiyFlaims ditaPnwherein thareanioe ised fet tdup
catal yst is used FaACtEaying @xtersd and iptertal tirqutatid®% by wei ght, based on
the total weight of the reaction mxture in the reactor. 15.The
process accogdi ngr -al t ein the reaction is
car i ed 3o0ut in iaﬁefs)ﬁﬁtg??é cogééﬁqng‘)’;‘a{ngrogc%@ %%WQFW'}” e product isolation unit
hydr ogen-tonpr i si'h§> GAeY PRALE 9roHR FRtvRiAd ohe Hifejsa statieidedagier dnphaysamic
conpri sing from oe€antano by vol ume of an al cohol, from 10 to 60% by
vol une of water and from 20 to 70% by vol unme of tol uenedi am ne.

3516. The progess ' : | ai. s o 15 . wherein the
setting of ﬁe di-ﬁéﬁ%%g ggélogd'@%%ﬁc%ﬁtoﬁgﬁ%%&%bt‘ﬁ er?'f’\c,ﬁ\{‘]ﬁ SHSPRBRTCRatalyst
output from the rEXPITY FiPashens Beiebel tsweliearoupsl.rlbaét ¥ antidr Viieof the
downst r e pr odudieripdisTable dmadsiition té sickelms adiytedly agtiveheetliasi s of a
repeat ed neasurenent of the dinitrotoluene concentration in the

liquid produgl OuthRWodeEORdoREind B A cifins' 1 {58 Iwrﬁgseﬁnvt%last:a%{yg{) has & nickel
content in the range from 0.1 to 99% by weight, based on the total weight of the

catalyst.
15
11.- The process according to any of claims 1 to 10, wherein the catalyst comprises
at least one oxidic support component.
12.  The process according to any of claims 1 to 11, wherein the catalyst comprises
20 platinum and nickel.

13. The process according to 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 to 15% by weight, based on the total weight of the
reaction mixture in the reactor.

16.  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 to 15, wherein the sefling 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 preduct output from the reactor at time intervals of <24 hours.



