. Catalyst and process for hydrogenatin organi ¢ conpounds The invention
“relates to a catalyst and a process for hydrogenati ng organic
conpounds. Hydrogenations are a transformati on nethod which is often
enpl oyed in the chem cal industry for organi c conpounds havi ng

functi onalC rpuUps sucpe as rﬁi ro. - C lcj%ubclcembon]ﬂ carbonyl, etc.,

with the %W%Wam nes, al kanes,

al cohols, etc.) being formed. The hydrogenation is generally carried
out over slippoventch rabdseo mettayst aat eprysssiof WndrogRohtinPbrgatiu corgpomngs. or

over Raney nickel (S. N shinura, Handbook of Heterogeneous Catal ytic
Hydr ogenat ﬁﬁ&c&%ﬁ{ti& gany tﬁm% JIHaP&? Et’hoc?grg%h 1szof%§ e(t’np-gggi HQQJ Sle%taﬁllndustr)é for

catal ysts s on oxl I'ca, alum na, activate
carbon ar eorg@ﬁqmomomdphmmgvfenduenau&epmch atseutrnoBKédcmbtedvbsd amborat, etc., with the

subj eCt to deaCtélvatl 81% g Sine 1ES eXIkanes g}lo}éSte?d)l %emé hl%lmed The

ot her handm“'g’isrp('f}’n omﬁ)nr cu r“cetS b(u?mar e signi ?lgcant I

reactive tihdrogtdados ispgpmafrile@:anteﬂ) bet avet ebpe@ad ablsinstal éﬁtalyetseé)ew aRdePu; Rirsete.) or
di sadvant age, ,,Rane i t.al use

ponder ( 1005BOLAE R SH P BrRb e R et e b B o
of the catshystis,Ro@nehe reaction mxture. In addition, these

catal ysts are pyrophori cin ai r, so their handling is 15a| way's
conplicate Pr 0cess which ¢

Coani rod Pl sheEh afretnd RES ekl R R SRS vl Raanag vev
have t her eéx@érelvbﬁﬁbhu%%ehlﬁpﬂﬂ)le fﬁbuas anlli ar€bubjet to aedtivAkiao b?tsmt@ing Raney Ni
idi scl ose newt pes of s Sup ported. on carban ot ub

e hydr ogGHAETD o1 it BBbTE AL BNEPUE bt SRl 5 dgeie fin the
226(1), 10dpidHed apsle Matae Eatalﬁ!se Ty eRidhe ALY SisadvaR4Eé, RahOB N2 cablysts2ddoitd Iped as
In both cases, it 20 is expl ained that the atal%tlc effect Is

at t ri but abfinelt dividedeporden GIFAOAR1 Which i 1R fradsda PBGROTIURBE Spaationg] dhe catalyst
carbon nangtHhgeSreasion UsiRuel, S0 baNidAQ thedcOsdkal st and ﬁ@él@l‘lb{ﬁli gir, a6t thit hahdling is
In Mater. Chem and Phys., 2007, 103(2-3), 225- g it is further

expl ai hed %‘W&‘iscf”ﬁé“cé@ﬁ[a}t?‘éﬂs§fﬁﬂf%ent ed are made expensive by the use

of the netals. However, in both cases it is not disclosed that the

carbon nanghihes Wsad cé}ﬁ‘{&lu&e% Rdicl i R6hobnhet SpeRieNFobR meRBt usdid carbon
advant ageous effect can be achi eved ther eby. 25A simlar approach is

di scl osed Apotbgs haye thereforq been feyjeloped. dhvs, Lt dnang Zhpp ety al. él?eﬁ?Sf gy types of Pt
210-214 andi g sudpor@f om%mm na%%ﬁn%espfor th%%ng&%léf)mtrd%ﬁzznel@%kc Cat. A:

whi ch uses swtab‘;e binmetallic catal ysts on surfaces of carbon

nanot ubes ¢hsm, H3PArBgEna0l A85 gdthaterafepmreilys.o0T.r 8HER2eRe22%Ha beth cases, it
the t ehgn bfs élﬁl‘léd tﬁatrtfr‘é &ﬁéﬁyﬁc%ﬁ%&% chrﬁﬁﬁgi@% f:i\t: pfaHﬁJnh Qggpllg?&)ath@ cdrﬁbn nanotubes.

addition to platinum In particular, the use of binmetallic catalysts
cont ai ni ngTlp @tbonwayotdms bosuch display b@slg@zﬁebnmt@jfty asttiec ineiater. Giemhaad Phys.,

<g_r oup 30 ¢ %,Inl%é{ﬁf% ﬁf Pt %glﬂﬁ%% E:X‘Jllél?lgd th{r;tgltpeaclta% éist'g EI%L%% ed%%qnagg %ﬁsn}e% the

di scl osed. Isciose t re carbon nanot ube
di spl ay nousaf tk ytetats Hb®aet, in bath ¢asesritds nadidsclbesd dntt thieerbantnenagialrebused have been

nanot ubes us g‘{ltﬁ' n nodi fi e het I e
. e éleBFcia olms a(?r hat an agvan%é cous € e% cagggachlev d2tlereb i ocesses

di scl osur e¥° i'nrespect o rogenat i on
relate to the use of purely graphltlc cat al yst materlals in the form
of carbbn Aaimitubgsoahd drcksaligriioteerl. getiolen. Cat: Cl‘hhmyZ()@arﬂ?@&lQ) 210214 and

di spense th e nS| e nob

catal yti CW’[ E ?8 ,n%Cﬁ)g nfétéﬂ 13, ﬁﬁiz %éporl%h uses éi%llp glra bhnetallbc %ai'_t]aiysts on
able to besdrﬁ&s&ﬁ’&ﬂt boSugkvtbat &ristieganthepp-0e @ss aschlsorigpticiese There, the term
nanot bes BGRIEIHERi‘ 413 BIRCGF LA DB TRAD 4 BUBT R S o PR e e o
those skil higRiallz dabdysRr donSkngepid@fi, (c@bol inhrioiibes Bad wietls3RikotedGroaBihe group

1991). Since then, the term carbon ot ubes has referred .
cyl i ndP9 caPorBinec meprABETes oy cebafttirke Gﬁ?ﬂéﬁpm’é\‘?glsﬁloi‘fﬁ eélaf' ?Wh?rhdés‘ﬂose that

the pure carbon nanotubes display no catalytic effect. It is not disclosed that the carbon nanotubes

used have been modified by heteroatoms.



. It is also known that the abovenenti oned carbon nanot ubes can be

nodi fied by heteroatons, e.g. 15 heteroatons fromthe fifth main
group (for instance nitrogen), during thg process for producing them
Van Donmele et al. and Matter et al. van Domrel e et al, Stud

Surf. Sci._and Cat. 3006 162, 29- 36 RM Gai gneaux et

P.H Matt eTheecElscéqsures gt ﬂerOl‘ e%tm Kspeﬁ.]%‘f;ﬁyégﬂge%an ()12)6@% relgtg t%il e LiSP] of purely
each case ghsedcQsa a@t rhatiatih (1RBACGIERBbN AinoRbAGAS B8 ShirfterRid ﬁltiﬂit fhgy cannot
such nitrogen-doped carbon nanotubes. Van Dommele et _al. furth

di scl ose t Hsenseruthhagpnsive #eble petals (Eexrmple P an casalytically attive cqwmm Only the
processes &PpdOmbted Hab80nCAleSIo hgbHIed. i cAnSeSarddNRbeebBe uidd MbbShetefore
di scl osed can be used in processes for hydrogenating organic

conpountls froknueriAbe graramieally disadypitagigement s of the nitrogen in such

ni t rogen- doped carbon nanot ubes can be particul arly advant ageous for
such hydr oggpat i:088bes W02 AR ARA 84 darflinal O6RS gbheplily kAdvA %Ihce skilled in the art

conpri sing nitrogen-doped carbon nanotubes are cataly tlcall% active

for the rediret PO Solirea e 35Hno6c38 PotbAtnesdhen. the tgrg chihpn praplupgsdiey igiswer to
that such g, &%ﬁtgﬁ%&%&g@ﬁg Shidd Wil RHER-RORES if ARk NRRNOE UHRE nm and a
have a better cat ctivity for the reduction of hydrogen

per oxi de t leagih whuﬁbpse@l ngitinteo By Adrrierutd @b leagt 1 0o theatiangtes cTlisseeprhdparanotubes are
hydr 00gRal AferileilerlzDfP b B Yo Serd PeatRR HohlsCint Bl M HalibhyRRRbIGHY Rlve 2 core
arrangenents of t trogen 1 n such nitrogen-doped carbon nanot ubes
coul d be pahmhé@&anﬂvnaQMQMﬁmgebu@wf%Wommw§mp@ﬂp09@®ﬂwﬂﬁm@é@d%ﬁgﬂ% ‘eAtgon
the known Pb:% 1§ orar‘ﬁog \lzvt cal' ntikﬂ)%Fsefoqr RaBlh (Bg)llnﬁo %Iﬂ ng Erhﬁ |£5¥é9 .r&ﬁdts‘?ructures)
provi de a catal g"a process using suc cata ic

al | ows hydhmgsmaﬂﬂ@nﬂﬁmomﬂganlc conpounds wi t hout the use of

expensive noble netals as catalytically active conponent for the

hydr Ogenat 1 lerf t}{%l thé: QQLrX&ttlm?ela l:ﬂbgn %L&ﬂ;b@ﬁ&an%@&dlﬁeﬁ Mteroatoms, e.g.
pyrophoric ca &yt ca I've conponents so he novel" process
can di $pe nb@erwtmdns frdnethy ﬁﬁh tﬂaarmlﬁa {for inst@nce nittogdmd.slugug the protasgfoy produsmg them.
found that this object can be achieved for the first tinme and in a
part | cut ar by, AAYANL BATOHT MR D (S ﬁl‘ﬂleze Bhelka! A8, HhRGEB0s, 162, 20-
using these ca a ys? sed esént invention thereforé
firstly pr wlenﬂeEMaGa@haiuysttalfbH Myﬂh’r@@nhﬂ\i{mgimﬂg@hﬁmcaéaﬁﬁi@m?dﬁ -8%) in each

\é\ﬁ;!{ ?Cecggpn%%%ga%l&'s%@%% r%lﬁ Elgbe{]t o? P%OC%SS grﬁ%%?n%fghs%& $i& Fﬁ%ﬁ-ﬁ&ﬂeﬁ%&rlg n nanotubes.
ni trogen i Nat hemfele mgemrtld@ dicdowald die baamﬁtalj&as:btamed part feesuitablecfer froasses in
0.05 tg 20% ithc n t

i trogdh 1 v PedBiate veifen dRelies Ry 1, caBSETaRiRed Rt Bgubbiie oy, for
cat al yst Oflydrtkg@ndt:ﬂg 8#2hihi® BoroRAGMAD Nt aaitplat SeMgdhdntsQE €R- ndmgadmcsadslhﬁﬂnogen—
nanot ubes haV|ng a 10ni trogen contePt of fromO. %é%ﬁ% t to 18%

by wei ght 49Red Fban nepttURer GRnde @REPUBINAIFANGRTYS Y6 PeH 5 16% by

wei ght in the graphitic |ayers. The proportions of n|trogen in the

ni trogen- dWﬂ)OG.@Bmm BRAedsbas AstelyRardomptiding Inﬁro@dvmmg@m hecatse are
it has surpr|5|n |y been found that therep%gﬁgn 0

ni trogen céatt ﬁﬁ"ﬁ‘l YoRetive dornihe ﬁ@@&twndg@ageea Wgﬁgft, dtblégxaué:)lgf dtsﬂgsed that such

hydr ogegnat 94}y c&ﬁﬁﬁﬁ‘l‘gcm&%ﬁﬂﬂﬂdScarﬂ%hoﬁa‘ﬂ&dbd@ghafvé b tch@IyRe | Ia@tiwt@”’ for the
it will have %een obvi ous to presune that a further |ncrease

i
ni trogen cededine godréogse a%r%éq dbasd ungopss! 200 (RBYLGER Hole got Yistibsed that
catalytic ﬁ)ﬁﬂ%g‘éb&t%n Qfing Ak dﬁlaw'sﬁgﬁﬂosﬁtgﬁ%r %fc@%ﬁtlﬁﬁﬂ%&dﬁﬁﬁ}enﬁ Rf the mtlogen in

contrast, e optimumin the "abovenenti oned ran%e has SUF?FISIH

been fou nd such nitrogen-doped carbon nanotubes could be particularly advantageous for this purposes

Proceeding from the known prior art, it is therefore an object of the invention to provide a catalyst
30  and a process using such a catalyst which allows hydrogenation of organic compounds without the
use of expensive noble metals as catalytically active component for the hydrogenation. The novel
catalyst should also not comprise any pyrophoric catalytically active components so that the novel

process can dispense with the use thereof.
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ﬁ@lﬁd{bé‘&&l’ﬂh@ﬂtrmmlwdph&ﬁmtlﬁ)ﬂiaab@re&@ﬁhiled ﬁngﬂ‘lmm@:hd;qgly been found.
ized form Chemi cal functionalization IS particularly

lglge S| ncg 1acg" trrcFr Ov%de g r acs Ieo Ogd ctar 3 RAITUbE ata% be resent not only
REPRITUH "YERESY PRPRhI™ W HPY 9 Pi%Fogent (:(I)opedC ¢ar Bon
§Pyt 188t a proportion of pyridinic nitrogen but also in the form of quaternary nitrogen and/or

nitro nitrogen and/or nitroso nitrogen and/or amine nitrogen.

The proportions of nitro and/or nitroso and/or amine nitrogen are of subordinate importance to the
present invention insofar as their presence does not significantly hinder the invention as long as
the above-described proportions and ratios in respect of pyridinic and/or quaternary nitrogen are

present,

The proportion of pyridinic nitrogen in the catalyst of the invention is preferably at least 20 mol%
of the nitrogen present in the nitrogen-doped carbon nanotubes. The proportion is particularly

preferably greater than 30 mol%.

Likewise, the ratio of pyridinic nitrogen to quaternary nitrogen is preferably at least 1.25 mol/mol,

particularly preferably at least 1.3 mol/mol.

The proportions and ratios indicated are particularly advantageous because it has surprisingly been

found that the pyridinic nitrogen in particular has a particularly strong influence on the catalytic



. able to be induced in this way, i.e. the surface properties can be
"inproved for the purposes of the 20hydrogenati on reaction. The
proportion of the nitrogen-doped carbon nanotubes in the catalyst is
usual ly at | east 50% by wei ght. The proportion is preferably at | east
80% by wei ght ticyl arl ref erabl t | east 95% by wei ght.
noar 011 onfenty B i R BB e BB e 2 ATy St of the
i nvention can further conprise 25fillers or traces of netals. In the
cont ext of Witheutgaeseeisim taenmplere, anfl iphitiewls theoey,al dan dbubsbamclgbat Wi spimmetrical
are present,@s, | AGLL MRLSEL AL, L0GtNeE, ab N the Nl tEogen; doped. CRL RO,
nanot ubes, I @S RIS uBSTEHEES Bhi Ch "€ hot' ¢ht APV EarfT§ el ves Y
Nonl i m t i nglvextaggolies fofns fai stdb8izimgdmtermeliiate donpteanat, hyakagan Réichsd theiefore more
titani um di oxide, .zirconi um.di oxi de or _m xtures thereof, steatite
ceran o gradh greifblo raoive SRS Rnd A RIpE o et i HEGiebdp b
consi st i ngh@irodegatedNiln tHelbasd/bf dlatetiary BftogeDsterddhiadrandytzouldibe peestmédwdiile the
may or may not be catalytically_active., V\ret her the traces of rIﬁt al s
Compri se CHOAPYTIIONTY GUE (PP B AIGRERTT 1S THEREe AR SO Brofihes are not
present i nyehdu9dally Hadiled ahyiche tekdteetncdaeal di sidilizng Merihbiga tcb@plek Svith
based on the particular nitrogen-doped carbon nanotubes, not on the
5traces of 'Y¥¥%s. In a preferred further devel opnent of the catalyst
of the invention, the traces of netals are therefore washed out from
the ni ¢ ogpNa GegraskdCadriaer) thanmbidiefopsd cirbat niddtibeab@l 8fectBd td MAGRIg with a
conprises any traces of netals. Suclg washi ng-out can be effected in
the form ofingrahgs orgadnicddiuchas i1€h HatQofic-st ep in which the 10
ni t rogen- doped carbon nanotubes are treated with a mneral acid, for
exanpl e angahi whshBlk 8ChBdAnthgRM Lk Q6D ceRAGERE bN e QRhtalykiTy, mEASGHwhich the
HNO3, HCl 04, etc. Preference is given to using HCl an%)y;%lﬁl%, vg{w :
pr ef er abl yniegen-dppgd cyhets Hatostied reoprofrad g8 FFmayes ther VSeFIGRY geaptions
nol/1 to 3@?(%9){121}/!\@&9Efao@i@veHﬁﬁ@se@Eﬂd&é@Bﬁ’caﬁ%{daﬁ‘BE Miivizd of seal y from 1
nol/1 to 10 nol/1. The present invention further provides a process
for hydrogenating, organic conpounds by neans 15 of hydrogen, which is
char acteri 2ed likevisnaostie Ty dicoyansenidoped; carosy pangtybes,fo g‘h Pt in chemically
presence Ofnaidnatiab¥sin. Wwhi ch conpri ses nitrogen-doped carbon
nanot ubes as catalytically active conponent, the proportion of
nitrogen in the nitrogen-doped carbon nanotubes is in _the rapnge from
0.05 to 206henicalefuptionplization isgpaprilariycadvanfageausapipes fe IPHEVS| Ifesglen g the
present at glieast top&rlﬁ/h%gélﬁteﬁ v thdé i1 icAly RAGENER Een-BR @ARdh Ganotubes may be
conpounds are, in thé context of the present inventjon, all
subst ancesabhiche ihdured it thisesan ok HyaredyersHics 61 icimpyeyed fidie Ryppses of the
group. i ! ups can be referred to as
hydrog%erfl\gt ﬁ%ﬁ%@ﬂ@%ﬁ?gﬁgtl onal groups is generally known to those
skilled in the art. Nonlimting exanples are nitro groups, C C double
bonds, C- CThe piobertipoafithe ntr ¢Red rcgrggspane@bwwhe epfaduph &, usplbyyat fegst 50% by

groups, es%v%fghg TRY BI%’pOIQiiOQ li@ﬁxjeﬁ?‘abi)ﬁatt(feast 80% by weight, particularly preferably at least 95%

by weight.

Apart from the nitrogen-doped carbon nanotubes, the catalyst of the invention can further comprise

25  fillers or traces of metals.

In the context of the present invention, fillers are all substances which are present as inert material
together with the nitrogen-doped carbon nanotubes, i.e. all substances which are not catalytically
active. Nonlimiting examples of fillers are, for instance, alumina, silica, titanium dioxide,

zirconium dioxide or mixtures thereof, steatite, ceramic, glass or graphite.

30 In the context of the present invention, the expression "traces of metals" means a proportion of

metals of less than 1% by weight of the catalyst. Possible metals which can be present in traces are
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25The process of the invention can either be carried out so that the

R organi ¢ conpound and the hydrogen are present in gaseous formor so

that the organic conpound is present in | i qui d phase and the
hydrogen is present in gaseous form |f "the organic conpound is

present in_a |iqui se, the liquid phase.can be forned by th
organi ¢ colpa F‘Lg‘“s?gqgfr the REOUP YIRS %g:ﬁp%luﬁﬂ’ Yak (g‘es‘b@sﬁﬁ‘tanghma
liquid solvent. - 6 - If the organic conpound is present in a

sol vent, t1gessohetNinagan g At I gadytzalBobatRBl WoEthwathe rtracdshef S6hN @binprise
is preferably an organic solvent. It is particul arltx_ refer bl%‘tﬁn_
organi ¢ sofaR¥{calbn AR RIBRORIES ‘éd‘ﬁbﬂ’%ogfa‘gfnf%r Hy R ERG RN ST $EIRD - Blei Gpeplytic effect
functi onal a@6:@ing t6 thedinVBnkibi sehaddd SHUREIpAHI @R nfroEEH-¥PBY Sarbigi thanBubds/ bt on the
exanpl es of organic sol vents which can be used for the alternative
enbodi ment T#ES PHEeWS. nyention are unsubstituted or substituted

aromati c or nonaromati c hydrocarbons having an al kyl radical or

hal ogen asisubsdréitddefithePiSERPABA LT he GhYBR 10thalikanesn, thakeak kan@sals are
al cohol s and ethers. Particularly preference is given to hexane,

met hy| cycl Brgkesh&ashsd nuh fiem themiEosst-donst 15ahet nanaiibes 59 Hishifts catalystrpg longer
or gani ¢ CoRmHgh dn uHSddF h¥aRRlr €sent in the solvents in proportions of
fromO0.1% by weight to 10 60% by wei ght, preferably from 1% by wei ght
to 55% by wei ght and particularly ?ref erably from 2.5% by weight to
50% by wei é‘Ffﬂl.W&Fh‘égloérnﬁér'%?t ifesied A thgrfprm of P\é‘“ehﬁl%ﬁ"li@aérﬁ’é‘t‘ﬁ‘iﬁ‘ﬂgn SIRP {mhich the
preseng® OfiuBgdnlddPéd cIPGAS RanCRBRY dr itffhed Reth Qr ABIaC aGOMRPBRGhpM 81 acid selected

tcarried out are usually in the ransg); from20C to 350C, preferably in

the range fPBiemennSgne.of HAN: o0 A pie Faefersrss iheierny uslas BiYand
consi der at yRDS - vel Ve RFPEE3E1. Fhe ERedtAMENSH tRDadiPisPrLferabIly Yk /1 b b 86% by
here. The lower lI'imt is at tenperatures at which, despite the high
activity ofveighieof El4H and ey pastienlariytpselprably &omnlana{lnk) mpld- space-ti e

yi el ds make the process unecononi cal . The total pressure for
carrying Ogfe &XQBPQ@&@%!} Phishet Browags PHESEN &R h?éro@enhﬁ@%r?amounds by means
conprising the organic conpound is usual Iﬁ/ from1 bar To 300 bar,

pr ef er &bl yoff ydragan, tydvicht ip crp@ctorired ipghatiteslhyvsrdepnaion iy efréadat ip the prrsence of a
bar to 50 . - ) i j fi .

T The s BRI R B Bt R B e LA LG PR arpguene e
The | ower propartion ef rarogen es e némgeat-dophad edibondesgitbes i inghdringe faot ¢.05 120% by
of the catalyst.used, the conv, | O d..s -1 yi -
the. pr oces e HeoiEr it Bl 5t T IR RRGE: b IR Usfane
hydr ogen i mrdagelnengenati ons in the presence of a |liquid phase

conprising the organi c conpound, expressed as the percentage of the

t ot al . in th y i .
orcasubl, - PR BEoPRTAEHFRe FRER Ao oL A0y bR BB Ry ey e

70% partiond aydrygepntirerctid Yurabiond 0% Whithehapipalr gtoupesan rbewkferad to as
such a pro

ess cgn be.carried . out are the reaction a t uses ich..
e 30goneP T R B o toie ef o LU RE At PaRBoR ik B B P fhiine
terms, for etafRpledA&eniftio $tdups, €dC\iesIEE bor(ds,| CHCriyiple daadsparpmatiofZdspcarbonyl groups,
reactor, bubble columm, trickle:bed reactor, menbrane reactor, etc.
nitrile groups, ester groups, diolefins, etec.
25  The process of the invention can either be carried out so that the organic compound and the
hydrogen are present in gaseous form or so that the organic compound is present in a liquid phase

and the hydrogen is present in gaseous form.

If the organic compound is present in a liquid phase, the liquid phase can be formed by the organic
compound itself or the organic compound can be present in a liquid solvent.

30



- 7 - If the organic conpound is present in the gas phase, the
‘process can, in this alternative enbodi nent, be carried out at
tenperatures in the range from 120 to 75QC, preferably from 140 to
650C, particularly preferably from 200 to 600C. The absol ute

reaction ssure.in the resence of . t organj ¢ _conpound i sSeous
Form | o uoliTrEenis SpRES BRGE i Pro S B Bhrn 58 PRP B g et e
to 75 bar, sopant is prefainly apo@het adibent.firio parficartypré&ferabigran oirgaelc solveut Whlch does
apparatuses in which such a process. can be carried out_ are

reaction afffsraeiigasy %aﬂartf) A BSLB O pEROS Sk rrsanér%olrems
under the generic terns, for instance fixed-bed or fluidized-bed

r ﬁact ors aquiaﬁlﬁmg ﬁdgﬁibles aﬂd‘gim&aﬁaweﬁa@tmnh&ara R@Reh @ &t dleetisrnafivedigbiiernt of the
t he organi ¢ conmpound i.s sent i quj ase or ou

o e AR et st R B et b s PR S o Besr e it g allor

or i sot her AmichlYor Bhlogdhds@xbsiica. yrdf@erceergmdnlw alkhiles Il aM@AR] Akdhyls and ethers.
carried out approxinmately. isothermally it can_ be

: er nor e
carried oubdEGRINRIBIGENGE by 81K orlirans: mle’thy{c ‘H?JFéTr@r heptapecmeihpnod hpo! and
cont i nuousi.popaha™> once again independently of this, the process can
be carried out in one or nore stages. In a preferred further
devel opnent. of the process, from2 to 10, referabl% from2 to

parti cul ar P4 PERAIEIPYIG I gHady Pesset iy the polyents iy prgporsiopyofdron %éét%r&rrlg fit to
zones ¢NNgw4 ed vde{ghﬁ %Péf&%l?%mbl@,ﬁ BY ®8RMto s9stty bitOpAQRES!y pRdfErgbly from
able to be provid etween themif appropriate. The hydr ogen can be

i nt r oduced?: (%bb{é?fe@ﬁfoisroe(f Y vejgdt her with the organic conpound

upstream of 20 the first reaction zone or its introduction can be

di stri but egdhOpBherhitfes W@KWhUIShE 8PGEbIARIAONESe pldibite D8 hl IRSIAFHANGRIPRRhg the
of individual reaction zones can be present within one of the

above- di scP&¥ueIcoRoERd a¢ capisd oxt ye agvally imlde mnge frrRA0ed tfbé%)r"c preferably in the
i ndi vi dual ragg@ggd]@@bcatggg@@ uses. The catal yst used in the process

of the invention preferably conprises nitrogen-doped carbon nanotubes
whi ch have a nitrogen content of from0.1% by weight to 20% b

wei ght 15 paFhq wiprinis detsrpined @reﬁqwcmﬁerfﬁf@ne%lﬁyr%essgﬁfhet"bve&m'wot actually
wei ght, i njit & Igarr@mktié@erliﬁyrﬁfs%t te&@ra&?é%%@ﬁﬂcf?me%rtetth@hl@;h LERGS AT tHR catalyst
the nitrogen-doped carbon nanotubes which is present as pyridinic

ni trogen i vseflithelpivsonyarssnspadpceatimp wighls mpke the posesThrecpiagpen-t i on i s
particularly preferably greater than 30 nol % Furthernore, the

ratio of p i t r i e
bresent. i hiThg SRl b Rr Dy R GERAC I g aeitclofs Litfa Pt AGising
| east 1. 25ongm1¢ pwhpoupd tst ysoal lyalirny lbﬁretpéﬂ&bmypraferﬂbé'afgqmi bgr Wcﬂopﬂreq Pmﬂcularly

8 - Th I t as |l oose material or as a fixed bed.
The ca é'%l‘razbﬁypf? é?’g tp;ggr%gsent as a fixed bed. In a preferred

further deﬁg equcgg%%% nér&%tﬁ)ﬁ??or 2 tr%fup Q%n{lp\’fﬁQF 8&5 of fi hlg 1 V\)&' s F\(ﬁ actually

present as a f m of structu
cat al yst atiited thyrebndiledswes linmt tshe preasuresfat giich, despite the high act1v1ty of the catalyst

used, the low conversions and space-time yields make the process uneconomical.

25  The partial pressure percentage of hydrogen in hydrogenations in the presence of a liquid phase
comprising the organic compound, expressed as the percentage of the total pressure in the process
made up by the hydrogen partial pressure, can be in the range from 50 to 100%. It is preferably
above 70%, particularly preferably above 90%.

The apparatuses in which such a process can be carried out are the reaction apparatuses which are
30  generally known to those skilled in the art under the generic terms, for instance a stirred vessel

(slurry reactor), nozzle reactor, bubble column, trickle-bed reactor, membrane reactor, etc.



.

5direction in the reaction zone. Such a structured bed can preferably

"~ be achi eved by a differing content of nitrogen-doped carbon nanotubes

in the catalyst of the invention or by different dilution with an

inert material or by use of catal ysts cdﬁﬁrising di fferent

proportion f quat er nar itrogen in_the nitrogen-doped carbop. i
hanot ubes. T1BF OB CORESNE i RFERG o 5o GRS, gh (ARECHT Gieqd, (hs pltemative
catal yst i smpydasetbeasrrisd spedchelafsesiimtht Aot RAGHDOR BONE profdtabifim 140 to
further prg;grred,eﬁbodi q%ﬁ tog, dilution with inert material can

be provi def0°tfPagiralrriyipreteridh rainR0 fH9PtC mat eri al i s provided, the
inert material is preferably present in the form of shaped bodies
simlar _tom&]@s@lateaéaﬁﬁ&n %Je%nlg_sﬁdﬁ pl'd@@lcﬁafﬁllﬂﬁ%bmighgmﬁdﬂlﬁc\i/m apgaﬁ@m fodrh istalheal[y
present _invention, shape ies ar eonet ric bodies ich are nade

of the 5 156 AR fPTond| Phpb PETEL G & By RFHBrY Rederatufeg 15 to
as can be ebtmi ned, for exanple, by pressing. Preferred shaped bodies
are pellets, rings, cylinders, stars, wagon wheels or spheres.

Parti cul ar_preference i?, iven to spheres, rings, ﬁylinders or star

ext r udat es IR ipvhi é“@h%lb’@&esg%‘i becapried Ggfuaé? g reaqtieapparaygRs generally
from 500 upndwi t5 tNe%: sififledvRItie PR Ghdet teatehdticPb@setor Msiantd MX8dTbell @r BuitPed-bed
201 f the organic conpound is present in a liquid phase, it is also
possi bl e, [eActans 289 dleg shetpudstubpisaeiPifent of the process of the

invention, to use a fine powler of the catalyst. The powder is

pref er apl yRug@Hesk Bf FhdRdrtheCdr@antd dothpBindlid pe@ROintiMiquit B8y &hh ¥ odBirsTOGh, the

Lum The process of the invention surprisingly and advantageously

al | ows t hePReseraddBndBraiign car FF y2BHdnyH radierticelo R grothsrgallyi er approximately

conpounds  WohBrnfiI{i 18 pfBINRY SrQd ouf EAPGLhMbIY Ysofehary el d and _
25di spenses with the use of” expensive nobl e netals or pyrophoric

catal yst constituents. The process of the invention wl] be .
i |1 ust rat eHUHEmeiewitt $r0t be cairigd gt erutiyresdy whitakhwise-nBtis meireebly carried out
constitute.@uh&stki ction of the inventive concept. - 9 - Exanples:

Exanpl e 1: Production of nitrogen-doped carbon nanotubes 72 g of a
Cb-Nh-AI-Ng m xed oxi de catalgst éNh:CD:A1203:NQO 17:18: 44:22),
producédl abrenssagdipaderendgntly ehikis @e PIogesHERSE?I 59 3BT NG ARAsE Hagss.
were placed in a fluidized-bed reactor in 5 which an initial charge

of 350 g of @%ﬁéﬁfﬁﬂ&ldecaégmtm HRSs, HGE 2008 0 A r&r8rabBRPRSE particularl
fronlBayerrwg?erialgcience ©) masﬁgﬁready presen?;in o?der to P Y

achi eve unPeEFabhaira 2ith bt in oartisrlat her B secianz0ath camecten & FERPY & aroeentvith
the fluidi @cﬁa@iné’ﬁgms being able to be provided between them if appropriate.

The hydrogen can be introduced either entirely together with the organic compound upstream of
20  the first reaction zone or its introduction can be distributed over the various reaction zones. This
series arrangement of individual reaction zones can be present within one of the above-disclosed

reaction apparatuses or be distributed over individual reaction apparatuses.

The catalyst used in the process of the invention preferably comprises nitrogen-doped carbon
nanotubes which have a nitrogen content of from 0.1% by weight to 20% by weight, particularly

25  preferably from 0.5% by weight to 18% by weight, in the graphitic layers.

The proportion of the nitrogen in the nitrogen-doped carbon nanotubes which is present as
pyridinic nitrogen is likewise preferably at least 20 mol%. The proportion is particularly preferably

greater than 30 mol%.

Furthermore, the ratio of pyridinic nitrogen to quaternary nitrogen in the nitrogen present in the
30  nitrogen-doped carbon nanotubes is preferably at least 1.25 mol/mol, particularly preferably at

least 1.3 mol/mol.



The particles of the Co-Mi-Al -My m xed oxide catal yst had a di aneter

‘in the range from32 pmto 90 p.m The reactor was externally heated

electrically to a reaction tenperature of 750C and, after 10 nitrogen
had been passed through (rmaking inert), tghe reaction m xture

consi sti ng,_of /mn of acetonitrile, st d I/mn of njtrogen
and 3.6 ot BiceabdysT o ﬁpﬁﬁeﬂﬁ?dwa&w%‘sor@m f ﬁ&atégg‘[hﬁ Ryt frepreferadly preSent as a
fluidized- hgd wegactor through a perforated plate at the | ower end of
the reactor. The feed gas m xture was produced in an upstream

electrlcall heat e ed (di er 50 hej fille
with gl ass!"R& f‘t;‘? ‘f"f‘:*t e"“H %%HEPFP'EW Pfet ?/\Eé’eri“ﬁ E‘bl‘ii’iag’(ft SPresery af %igxed
form 15 i nb& tnhine thad of))d sHB@NSd Obd @ WRIcBIthd GatRyINcti¥iljCinBledse® G heatidn flow
t he hydrogen were added in gaseous formto the vapori zing
acet oni 1 ri PigecHign @ithsreactigagoi®hat a super heated gas mixture having a
tenperature of 200C left the fixed bed and entered the fluidized-bed
reactor.  Shdh o di@ctutedivdi mﬁprb@ﬁblyrueta&m%a b?@pﬁﬁerm@rcm&nmn%g@ﬁ@ped %albon
a

formed on the Co-M-Al -M oxi de cat as a result of whi

t he cat al y%%“oﬁ‘é?st’f‘ é'?eéét%?gtiﬁr’m’@éﬂo‘bﬁé’ﬁ défff‘de"tt H%“%?@g‘l‘@ﬁﬁﬁ'&t‘té“%’ﬁtat prdydise of
20 of ni tregapdengdishdl BeGenaReiHIeS (ﬁrhﬁat@ﬁtb@'l M&bgeh 68 R RBroMRLRped carbon
formed. The cat al yst was suppl ied with the feed gases for a period of
90 mi nut es"aiRtiPEs-t he catal yst had been conpletely deactivated. The
activity of the catalyst was nonitored by the evolution of hydrogen

i n they§eagt Phuthele r@fe%@@ﬂb&ﬂmé@%ﬂ%eﬁfro&?&s tHelvaRVRE R ERARN s siFpEd P&Hiddtin the
intime at which the evolution of hydrogen in the process had been
reduced byreactioactone. Bf thig furersprefegre (5’?@6841@8"% &0y [EUGqR; ithyingjt material can be

25measur ed %@ildb@ "\&eh Hﬁ’tﬁ%ﬂ vﬁt% ibdHEm B s drbvilidd e mertciﬂﬁ@’aﬂs%referablf present in
deactlvatlon After making the reactor inert again, 220

g o
powder wer thefeskeaf shapedrbedies sieilas tgthe catalystplongsidealissatalss0 g of pr oduct
remai ned in the reactor as initial bed for the next batch Thi s

procedure lnsthé 9(9‘@(9& 66n3 pPelséH? %V%Iohl shta[glﬁ Hfkd 58 g@(ﬁ‘ﬁé?l@@bdﬁ% Wnierd@ghe of the
has been repl aced he anmount of carbon present in the

ni t r ogéh- d@i@e@m@ﬁmwnnﬁam gisielavp pad weadafingid \shansel agypan beolggngddy egpmple, by
catalyst uj edakt d SARLY Aflesa, 186 PE-BEUGIoN ikels Br spheres
pr oductivi y o%d' ?leéé}?erd #Q%dtl%ggg%rd é ca bg}ﬁ "hanot ug s%gg of o o SPIerE
cat al yst wa@'tiaddrrmeafednce is gigéh to Sﬁfheesmrtgs cyeniedopetdr exdmidas. nanot ubes
produced in this way were finally washed under reflux with 2 npl/1 of
HC1 for 3 I 36 .0 @n?f?ﬁﬁdj D81l
nanot ubes \?gééglgee?fé?%gﬁig% %{/ﬁ%@gﬁﬁt ﬁ\f}f.e laﬂéf? ana ys?s Trusveggb ay
i nst runent preferapiy @ COLo fretnhod according to the manuf acturer's
S5instructions). The nitrogen content was 5.0% by wei ght. The

di fferepnt h u ti. 0,

f hese \%6611‘ eﬁg{gg r n%c g&ﬁ@ou% 1%] ?es%]‘lt Elg é%‘ﬁg I']Ig{}:glg%es %:( h%?gnggS%% i?"n internatwe

ESCALab Zzanbﬁd;nmmwﬁdd oy ai thegmtvmttotn,eto rraﬂmﬁact)w@ﬂr of thiersstatysc fThe peyder is

The ratio of I’IdInIC ni_t rogen tern |nthe

ni t rogen- dgpgeg%cyarsﬁd il eflﬁcctleu Zees()f(% t}g‘ilrba prgf‘rer%%@égé %qe 10 Exanpl e

2: Production of nitrogen-doped carbon nanotubes These vver e produced

as i n exanfthe ptocessc eptthe hlatenta'metsmpiititlgli endaglvirgazepustio atltres rtiea betorogareousiy

2 a];_ Egﬁ L:Lg%t%% %6&8genatl 1n ?fe or. gﬂ?cdgo(%%ﬂo\érllcfsywitll\taas hlEéh %orgle%}con,n éetlercﬁggpe{ng%e%jand
25  dispenses with the use of expensive noble metals or pyrophoric catalyst constituents.

The process of the invention will be illustrated below with the aid of examples which do nof,

however, constitute a restriction of the inventive concept.



The ni trogen-doped carbon nanot ubes produced in this way had a

ni trogen content of 4.1% by weight and a ratio of pyridinic nitrogen
to quaternary nitrogen of 1.31 nol/nol. 15Exanple 3: Production of

ni t rogen- doped carbon nanot ubes These were produced as in exanple 1
except that the weight of catalyst introduced was 48 g and pyridi ne

i nstead of EX2BRISHi trile was fed into the reactor at a feed rate of 26
g/mn. The productivity was 10.1 g of nitrogen-doped carbon

nanot ubes/ gxahple at Blidsttion of nitrdde8-ddpbd QGBS AlARAhecar bon nanot ubes
produced in this way had a nitrogen content of 4.4% by 20wei ght and a

rati o of p i di_ni ptr nto t er nar ro

Exanpl e 4: f%% é’éd‘c%?‘% st ‘PP‘B@gﬁ‘ 866@3 %Q@%@ﬂ xtel é&%ﬁg%gﬁg?b \;aéqd@ced as
produced agestiibed XRMBtatnphe, BXBEPL00Y /084334 "atBle @hivel@fplead @lyMilidized-bed reactor in
i ntroduced was 104g. The productivity was 13.8 g of nitrogen-dope

car bon handtiihas }‘ﬁt“’éFh%f&‘? aﬁ 3?th of CO“VG“"W%' Sabep 5@@%&@5@&1@%% “bes® from
nanot ubes p J@g M‘ﬂ%ﬂlalS'aIeMU AGYRY dhdshyPratbithiGas 6 QtHi®Bun@Erm/distiBud¥n of the gas
25wei ght and a ratlo of pyridinic nitrogen to quaternary nitrogen of
0.59. Exanfifeamsnd thedemprardteyn inthe fpidizedesd doped car bon nanot ubes

hydr ogen was introduced. The productivity was 4.2 g of nitrogen-doped

carbon nanghibesig o@ihe@eimypaIMg H&d Bkt egan: dapedaaaehn ﬂler}a@@tﬂéa@ pm to
produced in this way had a nitrogen content of 3.1% by wei ght _and

ratio of py? K Bhecrearﬁtqrrva@eﬁeftnelhqlaﬁateéﬁ}eatﬂyalmt? ﬁ@@étﬂpndﬁmaerweﬁﬁ??%md after

Exanpl g 6: n#’n%@éi‘HPaH'bQEh Phssdl thiRge Enéiﬂ%‘%ﬁex@)a{hgQ&cﬂ%ﬁ?%@%orﬁ@ﬁ%@f Ve Rin of

aproduced as in exaqs es except
ket 25t

rate was set to

g/ mi n. Theagsicodi @r@aﬂdémg oﬁm@‘ogﬁn aifl B bogpadard d/pu olcladngen was mtroduced into
nanot ubes/ g oficFRALBLY Rbeori Rl 4 LRRERRREH FACRATDIPAL Whigss: Pr oduced

in this way ha nitrogen co % by weight and a ratio of
pyridinic nitrogen to quaternary nitrogen of 1.52 nol/nol. 10Table 1:
Conposi t i ofhafeed gasowsiurd was poedupérsin aa pasipam slegtsicalbrheaind fiyrdehsd {digngssr, 50 mm,

[-1 Nitr Ogﬁ&giﬁqeé(?ﬁ]lb E‘%&)%it%iagﬁk;scﬁg més@'l"?‘ltle acLﬁRitlllngJaL introduced in liquid form

15 into this bed by means of a metering pump; the nitrogen and the hydrogen were added in gaseous
form to the vaporizing acetonitrile in such a way that a superheated gas mixture having a

temperature of 200°C left the fixed bed and entered the fluidized-bed reactor.

In the fluidized bed, nitrogen-doped carbon nanotubes formed on the Co-Mn-Al-Mg mixed oxide
catalyst, as a result of which the catalyst particles were broken open and the agglomerate particles

20 of nitrogen-doped carbon nanotubes and catalyst residues were formed.

The catalyst was supplied with the feed gases for a period of 90 minutes until the catalyst had been
completely deactivated. The activity of the catalyst was monitored by the evolution of hydrogen in
the reactor, determined by means of gas chromatography. The point in time at which the evolution
of hydrogen in the process had been reduced by a factor of at least 10 compared to the initially

25  measured value was taken as the point in time of complete deactivation.

After making the reactor inert again, 220 g of a black powder were taken from the reactor; a
further about 350 g of product remained in the reactor as initial bed for the next batch. This

procedure is repeated 3 times until the entire carbon nanotube bed has been replaced.

The amount of carbon present in the nitrogen-doped carbon nanotubes produced divided by the

30 mass of catalyst used will hereinafter be referred as the productivity.

A productivity of 7.6 g of nitrogen-doped carbon nanotubes/g of catalyst was achieved.
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The nitrogen-doped carbon nanotubes produced in this way were finally washed under reflux with
2 mol/l of HCl for 3 hours.

The nitrogen present in the nitrogen-doped carbon nanotubes was determined by means of
elemental analysis (Trustec instrument, from LECO, method according to the manufacturer's

instructions). The nitrogen content was 5.0% by weight.

The different bonding states of the nitrogen and the quantification of these were determined by
means of ESCA analysis (ThermoFisher, ESCALab 220iXL; method according to the
manufacturer's instructions). The ratio of pyridinic nitrogen to quaternary nitrogen in the nitrogen-

doped carbon nanotubes obtained was 0.81 mol/mol.
Example 2: Production of nitrogen-doped carbon nanotubes

These were produced as in example 1 except that acetonitrile was fed into the reactor at a feed rate

of 19 g/min. The productivity was 5.9 g of nitrogen-doped carbon nanotubes/g of catalyst.

The nitrogen-doped carbon nanotubes produced in this way had a nitrogen content of 4.1% by

weight and a ratio of pyridinic nitrogen to quaternary nitrogen of 1.31 mol/mol.
Example 3: Production of nitrogen-doped carbon nanotubes

These were produced as in example 1 except that the weight of catalyst introduced was 48 g and
pyridine instead of acetonitrile was fed into the reactor at a feed rate of 26 g/min. The productivity

was 10.1 g of nitrogen-doped carbon nanotubes/g of catalyst.

The nitrogen-doped carbon nanotubes produced in this way had a nitrogen content of 4.4% by

weight and a ratio of pyridinic nitrogen to quaternary nitrogen of 1.15 mol/mol.
Example 4: Production of nitrogen-doped carbon nanotubes

These were produced as in example 3 except that the weight of catalyst introduced was 104 g. The

productivity was 13.8 g of nitrogen-doped carbon nanotubes/g of catalyst.

The nitrogen-doped carbon nanotubes produced in this way had a nitrogen content of 7.7% by

weight and a ratio of pyridinic nitrogen to quaternary nitrogen of 0.59.
Example 5: Production of nitrogen-doped carbon nanotubes

These were produced as in example 3 except that the weight of catalyst introduced was 80 g and

dimethylformamide instead of pyridine was fed into the reactor at a feed rate of 31.5 g/fmin and no



Exanpl es 7-13: Hydrogenation of nitrobenzene 5 g of a reaction

m xture conposed of a 30% strength solution of nitrobenzene in

| sopropanol were placed in a stirred pressure reactor. The

ni t rogen- doped carbon nanot ubes fron1exaHﬁ1es 1-6 or 15undoped carbon
nanot ubes fBa ytubes(r), from Bayer Material Sci ence AG were in each
case added¥RER#ES Hodfeh an anpunt that the carbon nanot ubes
anmounted to 3% by wei ght of the suspension. The hydrogenation was in

al | cases Ty pib@dtiont wad 4.1 3QEnitdQed®peditibod fihbtibelz &‘Q&@Q’sto‘ﬁ”hellﬂﬂ@geﬁ-ﬂ%ed
in the above descri bed pressure reactor. After 120 m nutes,

reacti on weRPEEppEbPsIROMGe indfjiscry 1Y addineen FeARYt 6f 31 % l?Yo‘éf?fghf "and a ratio of

t enper at ur gy 26hi€ #ig6gendd dudidiBarl BRGEINVT 1M KWRLWasS, after the

ni t rogen- doped carbon nanot ubes had been separated of f, subjected to
a gas- chronaﬂ@graphlc anal ysi.s (instrument: Hew ett Packard HP6890,

col um DB-5 e 7 Produetion df@itrogepopsfhsftPULHamOBIdeS | nstructions). The
proportions of aniline in the reaction m xtures anal yzed in each case
are sumrar TERéE vohe Eaiah&dZasf o edabplesaetceptstheathal f4ed Sat@SvaPp &kt exwpyaﬁq The
1-6 and al so for the undoped carbon nanotubes. - 12 - Table 2

osition of PRAVEs & orf %n@t“df‘@%n“g?ﬂﬁd akoan ;Pé"f‘%ubo?éf gp(grcaé’}ﬁﬁﬂ@smtfogfg'd"ped
Ex. [-1 CatabohStandtibdsipa6duted BYthRNRR had 2 dSrdd8X céifent df 33%Bby weight and a ratio of

pyridinic nitrogen to quaternary nitrogen of 1.52 mol/mol.

10 Table 1: Composition and properties of the catalysts as per examples 1-6

Nitrogen content [% by
Ex. [-] weight] Pyr./Quat. [mol/mol]
1 5.0% 0.81
2 4.1% 1.31
3 4.4% 1.15
4 7.7% 0.59
5 3.1% 1.39
6 3.5% 1.52

Examples 7-13: Hydrogenation of nitrobenzene

S g of a reaction mixture composed of a 30% strength solution of nitrobenzene in isopropanol were
placed in a stirred pressure reactor. The nitrogen-doped carbon nanotubes from examples 1-6 or
15  undoped carbon nanotubes (Baytubes®, from Bayer MaterialScience AG) were in each case added

thereto in such an amount that the carbon nanotubes amounted to 3% by weight of the suspension.

The hydrogenation was in all cases carried out at 150°C, 40 bar and a stirrer speed of 1000 rpm in

the above-described pressure reactor.

After 120 minutes, the reaction was stopped by cooling the pressure reactor to room temperature
20 (23°C) and the reaction mixture was, after the nitrogen-doped carbon nanotubes had been
separated off, subjected to a gas-chromatographic analysis (instrument: Hewlett Packard HP6890,
column DB-5, 30 m; according to the manufacturer's instructions). The proportions of aniline in
the reaction mixtures analyzed in each case are summarized in table 2 for the various catalysts as

per examples 1-6 and also for the undoped carbon nanotubes.



as per ex. 2 79 9 as per ex. 3 65 10 as per ex. 4 19 11 as per ex. 5
98 12 as per ex. 6 100 - Baytubese 0.4 It can be seen that, in
particul ar, the nitrogen-doped carbon ngﬂf}ubes whi ch have a ratio of

Table 2: Composition of the reaction mixtures and catalysts as per examples 7-13

Ex. [] Catalyst [%All)l;ri::::aa]
7 as per ex. | 31
8 as per ex. 2 79
9 as per ex. 3 65
10 as per ex. 4 19
11 as perex. 5 98
12 as perex. 6 100
- Baytubes® 0.4

It can be seen that, in particular, the nitrogen-doped carbon nanotubes which have a ratio of
pyridinic nitrogen to quaternary nitrogen of greater than 1 have a particularly high catalytic
5 activity and accordingly have a particularly high proportion of aniline in the reaction product after

reaction in the process of the invention.

In addition, a surprising almost linear correlation between the ratio of pyridinic nitrogen to

quaternary nitrogen and the achievable conversion into aniline is found.



pyridinic nitrogen to quaternary nitrogen of greater than 1 have a
particularly high catalytic 5activity and accordi ngly have a
particularly high proportion of aniline in the reaction product after
reaction in the process of the inventijgn. In addition, a surprising
al nost linear correlation between the ratio of pyrldlnlc nitrogen to
guaternary nitrogen and the achi evabl e conversion into aniline is
found. - 13 - Clainms 1. A process for hydrogenating organic
conpounds by means of hydrogen, characterized in that the
hydrogené#rvn is carried out in the presence of a catal yst which
conprisesy, ni w?%gs AP RRCLEAEROB HANQHRRS: Bl afasld é’i]' bl (frg?& 1¥fin

conponent and kh ort1on of nitrogen In

carbon nanot ubk ¢ eé*’*"i]’ epaiign psfAied P‘F&Pﬁhﬁp@gm{e@f%ﬂ%‘ﬁﬁ/w Wfiﬁeﬁnlff?@n'
graphi tic | ayebsdasbont asotutiet isog@iytitatly ﬁhtx%&iﬁipor&ﬁt dn@,&ﬁdprﬂﬁvl"tioh ¥f hiflogdn in
pyridinic arr %{lgxﬁ nri-d(%ﬁd Iggonpnag&&%é 138 t}(l:e %r!zae Ol 8o€ %na‘i(}:? éy lv.rleléldt i the

characterized gani c coirpou presen

phase and the gﬁy’éﬁ@@@rﬁ ﬁrﬂiﬁﬂlﬁ hlé'oﬁrlésﬂeﬁ’tﬁ’ent #tﬂpa%jagﬂjoms pfréslitia ar@ngeifibié. pr ocess
as claimed in_claim?2, characterized in that the organic conpound is
present i a IPHRIPTSESFEE i clpim Tifhargsierized in tiat the|omgapie epmpAURd iHrese in &
char act er i zed Liguid plaed ant the hgthdp¢eitthe pses@bnin@isg@v kemSol vent whi ch does
not conprise any hydrogenation-active functional group or is a

m xture oF sudhe ppysnts elaisud inestis 2, cBaradtbrizepingbadle oasuic Faripred is mesamjn 20f
claims 1 to 4 eheyiegterized in that it is carried out at
tenperatures in the range from 20C to 350C, preferably from40C to
300C. 6. 4The [Mheemess ascidhai Wethid B hak®dikd ic HAt 88 56Udn? @dm lofgaﬁnbecnvetahe
organi ¢ conpo r aseous

process as cl g.\lﬁl %gggg ntob?%m*ﬂ il &9%%6” acatngnr'?%%g&% Refo aﬁgf’ RS a B xé“rr % SB;E‘
out at tenper&ﬁﬁﬁégmGﬂsfronllzo to 750C, preferably fron1140 to 650C,
partlculag Q;eferabl¥ f.rom 200 %o 600C. 8. The process as cl ai ned
in any ofcl aifg PPessha7elaipph rany @ F?@Hlt%4tﬂﬁFwPF“ﬂ§“6%¥ﬁﬁ%dmﬁﬂkmFﬁta
plurality of siggesyespriefengliion 209C b 88NC,2rdf@abbGronpard togodear | y
preferably from2 to 6, very particularly preferably from2 to 5, in
parti cul a&l 2 Jhe procesp gt tlpiaad Foelaig lo ohmresterizell imthgiethi @mani@ corffieendpmddies s
as clained in hgd}yaegfmq,{e@énmg lediQtBm. Characterized in that the

catal yst contains at [east 50% by weight, preferably at |east 80% by
wei ght, parti dib anbsgs grodfimesdab kiyinal, cheasdriz8biothyt ive b@lh’td,ouﬂzft temperatures of

ni trogen- dope as.c
Cl ol ma- 1 tor o e EaRRsBEnGEkRa npd dio SRE-EIRERIRL BRetuP B eb BeAE
fixed bedg 11 Tha-lﬂl%céai ACAISePR o) @4* d@:@s iR ﬁkmel@ea mﬁmﬁs %&- gne&.t b
that the fixed glfzfg)reselgl i e formof a structured ci
whi ch the cat &1‘3533 Y9865 (PUPISTRR0r oS 2t 1PnRartisulptly W’%’W’iﬂlﬁo@& "‘bﬁa ery
t he reacti on zoienlarly preferably from 2 to 5, in particular 2 or 3, reaction zones connected in series.

9. The process as claimed in any of claims 1 to 8, characterized in that the catalyst contains at

least 50% by weight, preferably at least 80% by weight, particularly preferably at least 95% by
weight, of nitrogen-doped carbon nanotubes.

10. The process as claimed in any of claims 1 to 9, characterized in that the catalyst is present as
a fixed bed.
11. The process as claimed in claim 10, characterized in that the fixed bed is present in the form

of a structured bed in which the catalyst activity increases in the main flow direction in the

reaction zone.



