-1- Process for producing nitrogen-doped carbon nanotubes The invention

relates to a process for producing nitrogenydoped carbon nanotubes

(NCNTs) ina fIU|d|zed bed. Carbon nanotubes have become generally
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process for producing the carbon nanotubes in order to obtain basic 2
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unattractive. In contrast, catalytic processes offer advantages for economica
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may be able to be produced in good yield by these processes. In the
The generally known methods of producing nitrogepetl carbon nanotubes are based on the

conventional production methods for classical carbpanotubes, for example electric arc, laser

ablation and catalytic processes.

Electric arc and laser ablation processes are cfesized, inter alia, in that soot, amorphous carbo
25 and fibres having large diameters are formed gxrbgucts in these production processes, so that the

resulting carbon nanotubes usually have to be stgdgje¢o complicated after-treatment steps, which

makes the products obtained from these processdsttars these processes economically

unattractive.

In contrast, catalytic processes offer advantagiesdonomical production of carbon nanotubes since
30 a product having a high quality may be able to twelpced in good yield by these processes. In the
case of the catalytic processes, a distinctionsisally made between processes using supported

systems and “floating catalyst” processes.



case of the catalytic processes, a distinction is usually made between
processes using supported systems and "floating catalyst" processes. -2-
The former usually employ catalysts located on a support matrix which may
itself be active, while the latter term usuale?y refers to processes in which the
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are subsequently formed. This is accordingly aiqdar embodiment of the supported process

25  variant for producing carbon nanotubes.

The methods just described (supported and “floatatglyst” processes) are also generally known
to those skilled in the art under the collectiventeof catalytic, chemical gas phase deposition
(catalytic chemical vapour deposition; CCVD). A dteristic of all CCVD processes is that the
metal component which is used and is referred toagsyst is consumed during the course of the
30 synthesis process. This consumption is generdtipaitable to deactivation of the metal component,
e.g. due to the deposition of carbon on the tasatigge, which leads to complete covering of the

particle (this is known as “encapping” to thosédls#iin the art).



metal component which is used and is referred to as catalyst is consumed
during the course of the 30 synthesis process. This consumption is generally
attributable to deactivation of the metal corzpponent e.g. due to the
deposition of carbon on the total particle, which leads to complete covering of
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means of 20 which carbon nanotubes can be E roduced contlnuouslé/ with
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comprises a high proportion of catalytically active metal components and
therefcrgeleatigtiothehieving high yields based be tatalyst used and for achieving advantageous

25 product properties of carbon nanotubes is disclasé2E 10 2006 007 147. Here, a catalyst which
comprises a high proportion of catalytically activetal components and therefore leads to the
desired high yields is disclosed. It is likewisatstl that the starting materials used can comprise
heteroatoms. Use of starting materials which wadegdl to nitrogen doping of the carbon nanotubes

is not disclosed.

30 It is therefore an object of the invention to pdevia process which makes it possible to produce
nitrogen-doped carbon nanotubes and can be scaledithout the advantageous properties of
undoped carbon nanotubes according to the pripfartinstance external diameter of from 3 to
150 nm and an aspect ratio L : D > 10 (ratio ofiter to lateral dimension), being lost. The

process should preferably be able to be operatetihcously.



desired high yields is disclosed. It is likewise stated that the starting materials
used can comprise heteroatoms. Use of starting materials which would lead
to nitrogen doping of the carbon nanotub§z§1 Jis not disclosed. 30 It is therefore
an object of the invention to provide a process which makes it possible to

Progiuce NitFAgRBRARRSHGHE AANARSHRESARR AR BB \PE PR d4R WItHRULE) nitrogen-
advantageous properties of undoped carbon nanatubes according to the

€o
prio?%ﬂ‘?,gf‘é?r SRR BRI SYiSPREREF LIPS B RASH PP ESect

ratio L : D > 10 (ratio of diameter to lateral dimension), being lost. The
procesd)sREMR T S ers6Ne forkd opeTRerledpting 8 e -2alYihf the at least
surprisingnhbessdounid thaibigiphieghearshsackiEsiedhyrisifyeassafr
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least one metal (M) used in step a) of the process of the invention usually

comprispsd&sctrangsitibthemittabdhrede e carhetala (b)) érone tadsfi(h)zed bed.

selected from the list Fe, Ni, Cu, W, V, 15 Cr, Sn, Co, Mn and Mo.
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example methanol, ethanol, n-propanol, i-propanol or butanol, or water and
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at least one metaM) are nitrates, carbonates and chlorides.

20 Solvents [) usually used in step a) of the process of thentien encompass short-chain, (©
Ce) alcohols, for example methanol, ethanol, n-pra@bairpropanol or butanol, or water and also

mixtures thereof. Particular preference is givewater.

The precipitation in step a) of the process ofittwention can, for example, be brought about by
means of a change in the temperature, the contient(@cluding by evaporation of the solvent),

25 by means of a change in the pH and/or by additfaprecipitant or combinations thereof.

Preference is given to the precipitation in stepfahe process of the invention being carried out
by addition of a precipitant or by means of a camation of above-described embodiments at least
using a precipitant. Suitable precipitants are tmhs of ammonium carbonate, ammonium

hydroxide, urea, alkali metal or alkaline earth ahearbonates and alkali metal or alkaline earth

30 metal hydroxides in the abovementioned solventstelRence is given to solutions of alkali metal



The precipitation in step a) of the process of the invention can, for example,
be brought about by means of a change in the temperature, the
concentration (including by evaporation o_fgr]e solvent), 25 by means of a
change in the pH and/or by addition of a precipitant or combinations thereof.

PreferapatésaivemieaiiRgdrssaiitation in step a) of the process of the
invention being carried out by addition of a precipitant or by means of a

Conﬁl?i{?‘e%%’é?pﬂéf?&oé/&ﬁ %%S%i%&’ &WP&@H@%@MJS’@% WRG R "‘T‘&.@%&No continuous

Suitab preci Itants are solutions of ammonium ca nate, ammoni

hydPesGHREatipa P alketian Biaiesrnamk Al Ak it Mh bra it SAh RYUUAPIY IR ithe at least
metah@haiisalineanarin approjetakhyd pxédemanttbe mbaveahepdion@Pasalvenish a mixing
refere is.qlven i kali -D- [ rth metal ...
Fyatoia I o R e B e NG S M ENAE ot miers
PreferaNes Sy (Ve tonitRts '3Ye dieifioMOPXpiR UM HfE B S1fien Further
to nmiktag thidam atalssallasalutiese (AJR)rafutes ahéeash onaosetkllidd )rathd aft can likewise

appBQQg@&efom%%gpdgggnt by means of transport apparatuses in a mixing 5
device having a high mixing intensity. Very particular preference is given to

stalic mixers, TMXEE: uliaminatan mixGrs, ¥alie Tothe TVERHion, “Sttface-acive
(two-fluuﬁ RoZzle Mixers. FUTther mixers Which Zre similar to these

1@ ppaitbsirnesa Rl ar® RAOW e itis S Widanin IRSariccaridieds @dgeduiedmprove the
for fhiscpitatios®etnadprefedrechisutiyenseveiopianeoidsf ghrisied a) according
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addition of ammonium carbonate, ammonium hydroxidega, alkali metal carbonates and

hydroxides as precipitant.

The suspensiorg] resulting from step a) according to the inventidrthe process then comprises
25 the solid F) according to the invention in the solveh),(with the solid F) preferably comprising
hydroxides and/or carbonates and/or oxides of temlsn M) of the metal saltdS) used and/or

the further components)(or mixtures of the abovementioned components.

The separation in step b) of the process of thentwwn is usually carried out with the soli)(
being separated off from the suspensiBh iy means of a conventional solid-liquid separatio
30 process known to those skilled in the art. As nbagistive examples of such processes, mention

may be made of filtration, evaporation of the sotyeentrifugation, etc.



hydroxides as precipitant. The suspension (S) resulting from step a)
according to the invention of the process then comprises 25 the solid (F)
according to the invention in the solvent (L% with the solid (F) preferably
comprising hydroxides and/or carbonates and/or oxides of the metals (M) of

the mgtakaalisith?) sepdpoi/Pe hsduthsr FRmRRNERSHY) A RiieS &ftinuously or
the abovementioned components. The separation in step b) of the process of
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pregsing dry. Particular preference is given to carrying out the process steps
of slurrying, washing and pressing dry a number of times after the separation
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between the particles is achieved. It is therefore 15 distinct from drying in the
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for washing. 20 This further development is partlcularly advantageous
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Invention rom t e p eC|p|tat nin ste process o
into step b) of the process of the mventlon frdma preC|p|tat|on |n step a) of the process of the

invention can be removed from the solid),(so that the purity and thus the activity of the

heterogeneous metal catalyis) (can be increased.

Step b) of the process of the invention can beiethrmut with or without after-treatment of the
25 solid (F) after it has been separated off from the suspan$ireference is given to providing an
after-treatment of the solid=) in order to increase the quality of the subsetjieterogeneous

metal catalystK).

The after-treatment in the context of step b) & mocess of the invention usually comprises at

least one drying of the solidF) and/or calcination of the solidF). Calcination is only necessary
30 if, after the precipitation in step a) and the sepan of the solidF) in step b), the solid) is not

in the form of a mixed phase and/or alloy compgsihe metalsN!), the further component)(

and, if appropriate, oxygen in any ratio.



invention can be removed from the solid (F), so that the purity and thus the

activity of the heterogeneous metal catalyst (K) can be increased. Step b) of

the process of the invention can be carrie_d7qut with or without after-treatment

of the 25 solid (F) after it has been separated off from the suspension.
PrefRrensfeisMBR AP R'MEJiNG 3P aallREERIMENLS], tifsSaliddfet AP EREd@ out after
increase the quality of the subsequent heterogeneous metal catalyst (K).
The"&ft&}-treatment in the context of step b) of the process of the invention

usually comprises at least one drying of the solid (F) and/or calcination of the

solidf (ﬁﬁ.@@ﬂ’cﬁa&f&% [BORIPHIEESR RS8P ¥, Atk H P SHFIEpRIRON iFPetRfSey @ mixed
andpiie separatiamofdbrepsielid (fRk imstap) ), HperspliskéFhésfoahdén toenpormptand if

& mkﬁ%?oﬁﬁﬁéeo p%’éﬂr f?:”%}éﬁ‘?&ﬂ&”%i{éﬁ s ”;setﬁk%;{ﬁ@ g rBé’JH&E Ity mgtgn laly) (

() a “appropriate, oxyden in any ratio. -/- [f‘an after-treatment in t .
form GPEIRSIEHARAVRIRBIAEH, 2R hapieREPABIOR AR eBl iU afier BrifdeT of drying
the sadidf (@Fppadieiatbcop reaipitiatinon|astepabealnd the separation in step b)

comprises a mixed phase and/or alloy comprising the metals (M), if

appreprdimithe neheneamsroneniid)-aastife SpraBrNI AR XY 88 et t@fYeratures in the

ratio, then this, | a heterogenepus met lyst (K) .according to .

e R R e A ne s R I R Rperence s
1@ ryipiyeaIdnyiBg Bt PR ety T Rl S¥Ifiel i Carpdreyiiisad ersW eTihaldryitay in air.

in the context of the after-treatment is preferably carried out at temperatures

in thestegrip eftbenpidess tof RE0Qvemder iatmiozngatihwiss sty 161E hRa)tatt dryer. (e.g

air. PpshaldanRieferpes3. 10 given to drying at temperatures of about 180C
under atmospheric pressure (1013 hPa) in air. If step b) of the process of the

invqut%'a @ ?ﬁfﬁ'@gr%ﬁs@a&?m’é{'ﬁﬁeqﬁxwg @%&89%386%}@6&?.grylﬂgoédﬁle%rred for

dryer) Is preferred. It step b) of the process of the invention is carried out

confifiBusly, spray drying is preferred for drying. 15 Usual residence Limes
of the solid (F) in the drying step in a batchwise after-treatment in the form of
1%ryiHguat eeisidercedinogrs b mess et & ieru pyiPa efepdn cebizielivéae witeedieringethe form

times afyakPsie 12 theutmdd Suahresikiencr dimesatthr splich (o) dssien 6yiRes of about
steptl'&rhcontinuous after-treatment in the form of drying are in the range from
0

ars.
0.1 0 seconds, preferably from 1 to 10 seconds.
Usual residence times of the solk€) (n the drying step in continuous after-treatmianthe form

of drying are in the range from 0.1 to 60 secopdsferably from 1 to 10 seconds.

20 The calcination of the solidF] is usually carried out at temperatures of fronowh250°C to
650°C, preferably at temperatures of from about°@0@ 600°C. As in the case of drying,

calcination is preferably carried out under atmasjghpressure (1013 hPa) in air.

The residence time of the soli#)(in the calcination step is usually in the rangenf 2 to

12 hours, preferably about 4 hours.

25 If calcination is to be carried out continuouslycan occur, for example, in a different fluidized
bed than that of step c) of the process of thentiwe or in a rotary tube furnace, tunnel kiln,
moving-bed reactor or similar apparatuses knowthase skilled in the art. A person skilled in the

art will generally know how such an apparatus loaset configured in each individual case.

The resulting heterogeneous metal catalggtgreferably comprises a mixture and/or alloy af th

30 form My:M2:1;0:1,0, with the constituents M M, comprising the metald\) according to the



20 The calcination of the solid (F) is usually carried out at temperatures of
from about 250C to 650C, preferably at temperatures of from about 300C to
600C. As in the case of drying, calcinatiqrbi_s preferably carried out under
atmospheric pressure (1013 hPa) in air. The residence time of the solid (F) in

the FRIGIRGHIQRCIRP dSridaHRINANINE SR IFMy 4HO ok d20 & RERIGSAMYf trefered

about 4 hours. 25 If calcination is to be carried out continuously, it can occur

for SYHIRRRRMACA R AR T8 AM5e (MR- RRP R AT BP SRR LTHRE pRaHions BY mass of
the inventigiituenis d et aeyUitibe Heteragen eomdalekalyst Kovintgy bed ue &ci®Olr. Particular

SimB?éfé\%Hé‘é%@éq‘%%@iﬁa o elileddpotherast; rﬁaﬁgﬁﬁ%esgﬂﬁﬂeiébm&ion being
art will generall)o/ know how suflch an ap%aratus has tg) be caonfi ur&ﬁ in each

Indilil& L2 TR B HMG HERS o G EBIFEM AR A ORAR SO L SrgBRytion by mass
confstigekanmiijai@arifieraioy isflitewiSOdivprhOhanNg: AR 20 thitlpngrortion by mass

congitieitmM, dY1z=eantpeiciRg b e Mekaise(WeAdS DEHIMEANS dBhEYRBEAGN by mass
and the c‘iconst,iolltje?é%llo and 120 comprising the oxides of at least parts of

the %erg']%rrr%'a fUrther components (1). At the same time, the above

representation refers to proportions by mass of the constituents of the o
resUfifg RRSTEHA el fetl €XeASt TR DBRIT BB LTFtAYESHD, Vbiahtiiag similar
1prefemocis gverate of Mbeand Ein lantithegefeapecton dyemassninvtiieatdvef from 2:1

repﬁ%ﬁ‘?’f‘fﬁgﬁiﬁﬁﬁw%r@fgﬁﬂl‘ygr%%&& Barticular preference is likewise given

to Mz being Co and the proportion by mass being from 2 to 80%. Preference

is likewise gjven to hO being A1203 e proportion by mass. being from, .
5 to TET LR o R e IR BB (RS AR naving an
by rﬁ>§§§1%élﬁ@‘€f@dﬂ Ry F09% f Wr%%ﬁﬂi%@%?@fé?@ﬁ@é ﬁ%eé‘i\'?@ﬂytén external diameter
heterogeneeuseaeiahcatalystsok 3o hiehdhave siryilpsrtkQipnopoeigasypyom 30 um to

1%?:%%28 Mnﬁ%%gﬁclér%%usd%ﬂﬁo t.BRe[!SFrE‘?H %% gévr%gégu% wcégr{é? glo Bt example, laser

_ to 1:2, particularly preferably from 1.5:1 to 1:1.5. The resulting
hetdEhGEFRISHEhAELRY B8YHIYst (K) likewise preferably comprises particles
having an external diameter in the range from 20 pm to 1500 m, particularly
preféiraipaakiigtbimHlediardt&nopf meshpdstiiesllinglpanitairyeiZzee i B@ practpitation. This
600cah, Y6 v Rafey sy dHisiRtaBYniems 3 RRbitiliontOR et be s tifldsigRcipitation
dist ig tion can in this case be measured by means of, for example, laser
light scattering or by sieving. A person skilled in the art will know methods of

controlling particle sizes in the precipitation. This can, for example,be
2 oh R BRI E0LR MEIEh 65 TR UG ARG o e B clpalisgiputionicn

batls larger than the desired range, the after-treatraelditionally comprises classification in a
preferred further development of step b) accordinthe invention of the process of the invention.

Possible classification methods are known to ttségied in the art, for example sieving or sifting.

The fraction of excessively large particles obtdirefter classification is, in a particularly
25 preferred further development of step b) accordinthe invention of the process of the invention,

subjected to comminution and classified again.

The classification and in particular the comminatiwith further classification according to the
preferred further development is advantageous Isecthe specific catalytic surface area of the
heterogeneous metal catalyst compared to the |gasime which can ideally be used for process
30 engineering reasons can be optimized in this walatirely small particles tend to agglomerate or
form dust, which is disadvantageous from a proesggneering point of view, while relatively

large particles have a lower specific surface amd are thus disadvantageous in terms of the



20 Should the heterogeneous metal catalyst (K) have a fraction of the particle
size distribution which is larger than the desired range, the after-treatment
additionally comprises classification in a psgeferred further development of
step b) according to the invention of the process of the invention. Possible

clasgififaiiepanethipdraietne winiedhosasiigd in the art, for example
sieving or sifting. The fraction of excessively large particles obtained after

C'asﬁ%é ﬁ%SQsﬁof@n% R@E%?Hlfﬁ]%%édw&f et ?dﬁhﬁéﬂ%ra%%"f% &&Fe%éo?ﬁ%ﬁt?hp to step b)

accor g to the invention Ccess 0 nvention su ect
conﬂ"r‘ﬁﬁ&ff&ﬁ'éﬂdaﬁ%ﬁ%&%ﬁawﬁtﬂmGﬁf’é\b{d%hﬁéﬂ%‘mﬁ?ﬁ%@sed and at
comeabiwiiemwitMy ehe trelasgificationeaccaidia g datibiedpsetenpot duithef the resulting

QeVﬁg?&a;,%%&emgﬁ%gfam (e %?@B?%#%Fﬂ%" £¥&|§Zh§£\j\\ﬁacﬁ¥\c?§g%f the at

the erogeneous metal catalyst compare e particle s
idedfyhenpsarRIMIroedss o @lﬁéé?ﬁﬁ@%%%%@%ﬁﬁ%@ iPrtHig that the
wahifkgjatidehes reath paniclasien d-o rg ghaekgteyid fannvdiss sithiig distribution
disagyantagequs, e, a process engineering point of view, while relatively

large partlcles have a lower specific surface area and are thus

disagva 1geous in termtslof '%hl -O- deﬂred r?Jaace thmet leld of the roc S%/mmll

of the mventl&gner%us n?%@egg PR LNIR BRRISP IR S %’rce erred emie o difen y

1<éndanmhértd@9érbgr@féﬁ@§tmmwm higbepaitieLnh e ativeastageprrs carbon rtabes
beca&sgm&oma@mtag@@&@weturtb%wweear{lma&esk@mé alchaRld using the

one, metal é'\"e?oﬁ‘”d ing,alter; &?& e fid-to Decontrolied so that he dienon té}é orous
of the" res 5 he%erogené me{a'l Cal alysefs ?I@ ana ek morph ogy O P

the mmmwﬂ&mﬂt@l siteydbtlicnlap deastsibie imtbvhrarmeralrface of
the heterogeneous metal catalyst (K) is set so that the nitrogen-doped
carlzeninidnotub és thanchseobitdietec geieghsy el lpsebitidhiray svhattlesteeerogeneous  metal

@“StEQ'a{R}%P @@Hrﬁ‘%éhSo@ﬁﬁ!éﬁgoﬂgeasmﬁﬁ’é‘?tﬁf@%ﬁmg‘&%hﬁ%‘iﬂ%ﬂcgﬂpnses for

thus has a porous structure whose surface has catalytically 10 active sites of
the BfFBRS: Hﬁétm‘ﬂlhwmje%ﬁ‘ﬁa ﬁ@%@ﬁ@ﬁﬁ@‘ﬁm@aéﬁea%‘%'ﬁ‘éﬁ?ﬁdﬂ of improving the
nancitdhes pesniesintioeheterdgenepusamedial petatyst (Kollased dan shaping and/or

thergfQesiLeige hie Yari LT L 4aes, W@Qﬁﬂﬁ%%@ﬂ&@d&%@%%a%@&%ﬁw B %active

to the invention since the interior of thefgorous hetero eneous meétal

catdlgR R AR MO UL LR B e & ﬂidﬁ'%‘?&ﬁf‘ RS TERMYIGH Fi'tRe advantageous
2@asi afrtietdcoglinwoaspesiciists, reoctiitidriteguet.th enhetecopérsEgduSmetapnditioning

15 it tO) i @%Y@B*%%ﬁ@omﬁm%fntfﬁ@m@%gémf%us metal catalst (
condltlonl IL% comprlses for example, treatment with reactive atimo

S
o (51 B PR AP G GRS SEHR SFOBLARAS Ppygencec
conBigtamamgecrolyerpie teddickor dod ofvihe bstairdpitigeatpatdifioning or else conditioning in

the form of a complete or partial conversion of thetal compounds present in the heterogeneous

25 metal catalystK) into the corresponding carbides.

The introduction of the heterogeneous metal caml§s) into the fluidized bed in step c) of the
process of the invention can be effected continlyaursbatchwise. Continuous introduction of the
heterogeneous metal catalyst)(into the fluidized bed is preferred. The hetermgmis metal

catalyst K) can be reduced as described before introductieradded in an oxidic form of the

30 metals M) or even be added in the form of the precipitdtgdroxides or carbonates.

The fluidized bed used in steps c) to e) of thecgss of the invention can comprise a reaction
space containing a bubble-forming fluidized bedytlent fluidized bed or a fluidized bed through

which jets of gas pass, with internally or extelnairculating fluidized beds being able to be



classification. In particular cases, conditioning of the heterogeneous catalyst
(K) with a reactive gas such as hydrogen, hydrocarbons, CO or mixtures of
the gases mentioned can be advantageous. 20 in order to obtain a particularly
reactive heterogeneous metal catalyst (K). Such conditioning enables the

oxiqalian piatgi R MAIabGAMRALdSPIERAEES thadieia SRS AMRhRlzed bed

catalyst (K) to be altered but also enables the morphology of the resulting
caté(@l?é“thsﬁt?@t‘iﬁ‘@’tél”ﬁg YHHLRHLESS: PReRs ErER ?%Rfe}‘.“? pReGire @ded 8?”S'St entirely
the capalyigtofredurtirrenemnelitoadng oeelsaettitiesan gatickrectoraisofe agglomerates of

compleis %%MU@%W%%%&%@B&B%M@M%HMWS present in the
heterogeneous 25 metal catalyst (K) into the corresponding carbides. The

é””%‘é%#ﬁﬁz%%%&é%%?@Sr‘?;‘ziﬁ %83&?0'8%? étﬁ%ﬂ?%”&%&lk&%‘ﬂ%ﬂ?%& resistant

stepc) o rocess of the inve on can be effected continuously or

bat Rl ’@%ﬁﬁﬂd’&'ﬂjéﬁr‘ﬁrwﬂdﬁdﬁ%ﬁﬂﬁé’f RER FIGERe 619 W@QBF%&( fyseqRlfica. These
intortlaesflalidire dibettiscpratevfatle phrihidde rzgqied > MkamaaiadisbyK)ecaonditions in
be redugedias ARSiRRAARIaRe intpsinsion.dis asidrdisApxidic form of

the 30 metals (M) or even be added in the form of the precipitated

hydrT%X|des or carbon Sns Th anLpdl%eegn be% ed in steps 5{{ oK of t

ere Cth n step.d) accor € Process’is u arrleg out usmg attleas
process of the |nve can CO prise a reac Ion" space con |ng a
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throgg s winieh igte &l ame @aﬁ@;“@éﬁwd@wﬁlaum Qft e dapibrisisuiatigeén. The reaction is
fdelzqgra qu being aple.to b 10 usec# ﬁcte)possmle fo mtroducet
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parMMr@baqfuasm@hmgter@@e@eemgdn@dahﬁ@lsalym@ g-ﬁbé&@sﬁamcm&&ﬂe’ilﬁmditions in
ge %ggl rates of ,carhon nan ot es orn ltro#)gargc LR,Jlrcliycar on nanotu

ne descriped be €rea referably carrie it using at
The f'ium?lzed bed Used for carryln outt ess can comp fise a :swtabfl 9

h|gHWﬂé’é‘@r@é@f&rﬁ@%ﬁb?%é@ﬁPWW'% ﬂ‘iéﬁﬁﬁrﬁ‘ésﬁi&ﬁ%ﬂfM@\waonlt“le

effepispiergrigraphitenarit) e Biks dyThliespyzmatpriaisidane aseginermise of
the particular demands placed on the materials by the conditions in the

rea@@g@r@eg ?&ﬂi&%ﬂ%@gg‘ib@nﬂk&dl@?ﬁb bed AcsREAIRG to ti&%&ﬂ\éﬁﬁtigﬁrtﬂ@emmeriﬁ) (
reaction |_n_ste§%[[g accordln to the invention of the roc SS IS uzy% (?g carried

out LT HPTe q_rb%wefg Q9RY B avLhs (%jlrgg% 5 Whigh) not contain any
2pitrogeayer. Udiefgranteast wStamrfgrﬂmtétmwﬁ)abﬁ)vhﬂihcmdém dhe list methane,

COfoH@ﬁb%?eS GREpRREandiahdeast qn@@pramﬁ%snmgmelm KRAGIABIS form under the
prefera

carrled out using at least o tin E) comprisin
carl§8ﬂ é% Pr I& '[]eaFH%n%og&l esc |%eéj%§lrﬁg%rg gB yE’ %]SUP%tglr}leg butadiene
at |t bakestelaiing mwrmp(mémmugmmm@em@mm@ drghmiceaction zone
COMRALMsbMhittWSREBAEN B BRPRAIRFBtABERAR GRBsEHPMSH eous form under the

25 conditions in the reaction zone described below.

In the fluidized bed according to the inventiorerihis a reaction zone for carrying out the reactio
as per step d) of the process of the inventionclvineaction zone is characterized by a reaction
temperature according to the invention, a reagpi@ssure according to the invention and a gas

velocity according to the invention of the gasesoiduced.

30 The gases introduced can comprise the at leasttaniing materialE) according to the invention
in the gas phase and also further gases. Furtlsesgareferably comprise hydrogen and/or inert

gases. Inert gases preferably comprise noble gasesogen.



15 the reaction zone described below. The reaction is very particularly
preferably carried out using at least one starting material (E) selected from
the list acetonitrile, dimethylformamide, QCHI_onitriIe, propionitrile,
butyronitrile, pyridine, pyrrole, pyrazole, pyrrolidine and piperidine.

PrefeiensgisditsnisegiNeade Using ik asfilied indhreatleash 98ReSEIUNSY 0-00% by
materijal %Eégf %zdrg nsw:& carbon and nltro%in, a further starting material
n i

E)
whidR'4B LiP 2P 99 YAlOeH. Britelesnet RSgris9es 8rf6"r988r(”‘”d 5-100% by
starvivigrmatshiela(iase leetsthfiogntheigitietiganeo wtistate, quetgyablg Okkiténiey volame
?”%‘9&8&&9'6&@%@%\%@6@% ‘#ﬁf‘éé@ &?&%@%ﬁ%ﬁh%ﬂ%@@o%ﬂ@ﬁt%mme of
in the reaction zone descrlbed\,ﬁ%elow and also ethglene, @Jrorfglene,aggpen Vol
DutdeHdoEN R S SRR T G 8RS T RGO AT G RRP PgY volume
conditiydweth8-peéctiviydiome a@scribeddsesopinisicaspleneropraporhafid 00% by volume

hydgpaarbeRawbhiehsaie iy ARedie 9 arepise dosraatpder the 25 conditions in
the reaction zone described below. In the fluidized bed according to the

inveption, {eke,i% AFEAGH APLA9RE {3k CAHIRY %“Bé*]&e@ﬁah?tif? aé‘éo%grf&%‘%w&action

of the process of the invention, which reaction zone is characterizec b%/ a
realfiBf REVRY SRR OREESINNG 28 IRBFREhaIenalye s redsdra the art, e.g. a heat
1@ccexdirgder tHeforeemtiod uaridnaiga stheefiodtyeadicardirtintp thehmnwareintnnobr be fed in

the gasRs: IRANCRDHA0 O I aRER AN BL GRFLAAN GR TR fiNE Bl BRI RO ntry into

starting material (E) according to the invention in the gas phase and also
furt GASEY E1kner gases preferably comprise hydrogen and/or inert
gases. Inert gases preferably comprise noble gases or nitrogen. -11- The

compsifsnsEeaTe ¢AMAIENeftifea)detss rifodiaraiidoheareAgtibtogyprdiglirectly or,
usuadyo9g%oby pekarrei ofiRieragaBloRriIso &y e binte: OfraBSILBIOMS Shiddhtion, in

S nijtr d.5- 0 fth | ne. starti
15 R OITIEL I GAORIOR O 6. ShT 0L BRSNS 1o s s
0-8095BYSIslRTeab1enstiReR Hasiae crriestifdyele'aP Mraehemter 10-1009%%y to 300°C,
volyraeiaii e «é taag frone2stadirgeomE i@ jnnibergasanrsisiadeand/or the reaction

partigy @B‘Mrﬁée{]%[ﬁ&%l}’ b%‘(for‘)@e%yé’ﬂé‘tﬂé(?sé %5 Egg@g%%‘p b%@%aﬂ%’ a‘:e‘h'éﬁg RA&Ih to those

inert gas such as nitrogen or argon an y volume of the ast
oneSktiiythRdrial (E) in the gaseous state. The at least one starting
material (E) can, in order to be present in gaseous form in the reaction zone,

2(e VAsoHTRE Bl iR @ePRtIMGIP Hppiaranion BrrErRIRN kAo WNitibte spafianias per step d)
the @F&h@-@rcﬂ:ﬁ@%f lﬂeem@eaﬁ&efrsd@fﬂé@ iaﬁtjltqdﬁaﬁmﬁl finmrm@élwﬂﬁhiﬁ@d)@eﬁto 1600°C,
accordin e ion ed jn another state o r into,the
o o o o0 T e M R e BEE BB acion

Zone.
A temperature which is too low generally leads kowsreaction rates, so that the objective

according to the invention of a high space-timeldyiean sometimes not be achieved. A
25 temperature which is too high generally leads mn&meous pyrolysis of the gaseous at least one
starting materialE), so that it may no longer be able to be conveotext the heterogeneous metal

catalyst K) into the product, viz. the nitrogen-doped carbanotubes.

The pressure according to the invention in thetir@azone in which the reaction as per step d) of
the process of the invention is carried out is lUgua the range from 0.05 bar to 200 bar,

30 preferably from 0.1 bar to 100 bar, particularlgferably from 0.2 bar to 10 bar.

The pressures according to the invention and pedesressures together with the abovementioned

temperatures according to the invention and prefetemperatures produce conditions in the



The gas stream comprising the at least one starting material (E) can be
introduced directly or, according to a preferred further development of step
d) of the process of the invention, in 15 preheated form into the fluidized bed
and/or the reaction zone of the fluidized b&d. The gas stream comprising the

at '@%&t%ezé%rmmé‘éﬁéiﬁ) SrdvisareiarabhaptehrateddeuR 4R rﬁ&éﬁ&é}(to be
preferably from 200C to 300C, before entry intg the fluidized bed

particularl
and%‘?ﬁﬂgFéprt@ﬁs PRReoPHR UG AL AR MEEHRLRIIRL BS 155 deagiRsH above,
thisipwpossl andgrgegrer alivdanioverttie tlhokee dshiEib ddacetisarartit?€ Ttherovide a vaporization

tempGratHIe AGGREMAD IR i Wﬁ@é@%%&hﬁﬂﬁ%%ﬁ%%&cﬂ%%ﬁ@%r to operate the
reaction as er step d) of the rocess of the invention is carried out is usuall aler or

n tﬁé’%‘?] r?é“ié@ © YRREraBR R SSeb e oSt natera) tn
parmamply phe@ramymmm 600C to 850C. A temperature which is too low
generally leads to slow reaction rates, so that the objective according to the

inveniofuaf zdigh space fiiove s eltticaingametituatyngidss cciniewgdd)ssodhat, at least in
temperalie WhICh 15100 0ih ARNRY @Qé@'&ﬂ%%&???%%t?%é&%%(ﬁﬁm%thﬁd.zat.on

gaseous at least one starting material (E), so that it may no longer be able to

be efam?&vtéafo%)érpﬁﬁacwétafﬁgswe&% bzl i (R PIRTE Y pFRILRL 30 tmes.
1the pritogenhdopétabirirom Ban@utess,Tthe ipiesJiuidizcoordegitp. thethermore, the gas

INveiionRhe G a6HQR 2% It WOIGHARS fRactioh %é?@&t?tSPeQ);r?fn&%ual partiote

process of the invention is carried out is usually in the range from 0.05 bar to
200! B3l 1965988 rably from 0.1 bar to 100 bar, particularly preferably from
0.2 bar to 10 bar. The pressures according to the invention and preferred

predsHré YAUNGEHBIIGHLR 1P b reRTeitibR SEFTR Ripelait R diaR cORRMg e ma ticles and
invaniparnieunar prefertachignpeicattse sipdedidae Lo nditeatsiin. tBas LAocki@stictich are too
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E) to be present in the gas phase. Shou e at [east one starting materi
(E) H5ta9ateass i desifd§above, introduced in the gas phase into the fluidized
bed, it is necessary either to provide a vaporization zone in the fluidized bed
havMigithiesdldidizgittone 9esrsamieMmiareadthezdile d indhepatatectmnadstion with the
abo&@gdﬂ@ﬁﬂh*ﬁdl&@&ﬁb@ﬂﬁﬂfﬁf i vRRMERRIRIPhERIIe AR A0R SHRIEBH N, Octave
matgrial &E{F”%? LN 'e ihese gon dEé'%‘éuJ“%Jr dized bed oLt f‘n London,
process oF thee INVENTon Is U aF eratedin tep "B 18aSt ot

2Peadtiodrpoite SHIERYad Qf@lﬁ@itW%"Q@@@olﬂ?éi |M§%rﬂel‘%m6'@)thﬁ1@§@tﬁ‘ém fluidization

minimumyfluidimaémevale@iﬁyt&)rr@&@akﬁiraasrpltaaerrhm ihefiudizedinadnlvigocity is
prefg E?IF\)&/ fftr r‘?l t@ tge"t:'?n vg%c 8(&1:6}{ I?Hd? rlgarﬁ ag\lég@gﬁ gk‘iﬁe%Qntlméa %\’rt will know

the minimum flui |zat|o Ve|OCI Urthermore, the ga
the theoretical background to this distinction. Hstm/r to give a better understanding, it may be

said that the settling velocity of an individualriigle is greater than the minimum fluidization

25 velocity of a bed of these individual particles.

The determination of each of these velocities isspgme because the particle sizes of the
heterogeneous metal catalykt)(are set according to the process of the invermioone of its

preferred variants.

Operation of the fluidized bed or at least the tieaczone of the fluidized bed under the
30 conditions or gas velocity just described is adagabus because it enables discharge of individual

particles from the fluidized bed to be avoided ahdhe same time enables intensive mixing and

thus contacting of the gas stream comprising tHeast one gaseous starting matedg|with the

solid to be ensured, which in turn results in maximconversions over the heterogeneous metal



velocity is preferably set so as to be smaller than the settling velocity of each
individual particle in the fluidized bed. A gas velocity which is too high leads
to the discharge of relatively fine agglomeBte particles and in particular of
the catalyst which has undergone little or N0 reaction. Gas velocities which

are éQ%Iy%lS @‘%(&%’%&ﬁﬁdriodﬁﬂq%w ﬁﬁ&@lﬁ%\/@ gfr‘ﬁﬁ% %%9%&%%%93 relevant to

accordin undesirable caking of the contents of the reactor. Minimum

fluid[45} %mec&y RO GG N PR RS BRI R A PTG hRofRse of the
withhtherogpesatio metaf| oidinestbliedshaae medmpt@lwnsmlyfdescnmmm @lve a high

terauis DD SURltoSIRR kAN SRR Rlidkz Q19BN AL RS AR per mass o

Edition, Butterwaorth-Heinemann Boston, London, 20 Singapore,

TorSATY Efitigtbn' 6o PRTHRE 0 SRR IR XN R i R?wﬂﬁ??ﬁﬁd?zeéﬁ%”g to the
velatithodiedikewisiedkpaivedio those skilled in the art. The minimum

fluidization velocity is distinct from the settling velocity of an individual
particiensalpenstveski belddnndhe ait with Kreoveat hiastheoveticl, baclag rauettio is lower than

th'stqésg'&ﬁ%rbe%@’(\{ﬁélfegam ﬂl}’%cﬁjg‘?}é‘#c‘m%\%@mq& ﬂgm@t)ﬁ?ﬂg %%ghg}agd particles

the settling velocity of an individual particle is greater than the minimum

uich Ao SR8 BRIy SrsiplistnrisamalEirsristiclals sger!so occur in addition to
10letenminatiemeftenck oédbeseareldTitieRistpdssigiplzyeaussthargaiticlee event of an

sizes,of dnaRigragsBRouUs metal catalyst (K) are set according to the
process of the mventlon or one of its preferred variants. Operation of the

fluidj %86%) éjr cgc}hr?en? d&por?(ﬁ N M NfablA § %f%ﬁgdu@rgl?&oﬁ g of step d) of

con IthﬂS gas ve CltijS'[ eSscCrl IS advantage us because It ena
disdharge@smdRAdtiaeosariemed ﬁ@ﬁPﬂq@WBF&P@d@eﬂ%@@é‘%@iﬂ@d%ﬁt@ﬂ are then
the mmtimetﬁ@aw@dgﬁamwemwngammtw £0Btaatiog whithe tgasparticles of the

§tre %8@%%%@ gn%qg {gﬁ ??]r% gg o(l-’)éij ﬁ Sﬂ%rﬁﬁ‘egum% ﬁl %Er’g th h nglcagerate

solid to bé ensured, w FésUlts in Maximum Conversions ove
het@%ﬁ@ﬁ%@b@ﬁ?@?&l d‘l@@&t%[fg@l (RyEEBrN Y Wﬂw@ﬁﬂk@%ﬂﬁﬁh&%@rﬂ%”eous metal
disteldtieniofther@aricle properties relevant to fluidization, e.g. particle

density and diameter, is particularly broad in the case of the heterogeneous

metahafadyaiadior Wﬁiﬁhr%ﬁrﬂmw%dw %ﬁmmﬁ)iW%BCH) éﬂfﬂlegib(r%&ss of the
high é)ecmc yleld f nitrogen- contal )g carb nanotrp (}a roduc

prodilt HOSePrH%%aé’bF%”é SR GHEHT iR SEHRELTARP TEUARBYLS S%P he nitrogen-
2@argoped therproceawibedidMistoithieh eravdiadieg jihst tissshitdecharionam agglamera

altegnative taradbirsng b theneefllidiesaerythat the gas velocity be set so that
it is lower than

The discharge in step e) of the process of theniiwe can be carried out batchwise or

continuously. The batchwise embodiment of stepféhe process of the invention can be carried

out by simple taking-off from the fluidized bed eftthe growth time has elapsed by means of a
25 suitable discharge device. Here, the introductibrthe gas stream comprising the at least one

starting materialE) into the fluidized bed may have been stoppedreénd.

However, the discharge as per step e) of the psookshe invention is preferably carried out
continuously. Particular preference is given topsk being carried out continuously and the
fluidized bed being provided with a screening disge device. Such devices are generally known
30 to those skilled in the art, e.g. as sieves, wéttirculation of the fines to the fluidized bed ahd
reaction zone of the fluidized bed likewise haviage provided. Such a device ensures that only
agglomerates having a diameter above a chosen maxitdiameter are discharged from the

reactor and smaller particles remain in the reactor



the settling velocity of each individual particle, an apparatus for recirculating
discharged particles, e.g. a cyclone, can be installed downstream of the
fluidized bed. This can also occur in addltlfgt to 10 the abovementioned
requirement in order to be able to prevent'discharge in the event of an

opeglianal RGN HAGReEdIRE QI ambRAmaNts %%Wﬁa&t@ﬁ@ﬁtauy outside the
invention and greferred embodiments of step d) of the orocess, the

nitrdYEIELbPEY BAPph FARSHIRLLRENAS) & ?{é Sk 'h\?é‘ﬂtfb% "pge up of, for
therextonpiedsoita tive Setes oy eredessifitatalre dalys t(K fas zZgreztiafsiiichan be carried
the garticles of the 15 heterogeneous metal catalyst (K) are, according to the
invention, broken up and agglomerate particles of nitrogen-doped carbon

fanefubes (NG Tshanfhiesidurg 9l dediqls r&&f‘d&%ﬂr’ﬁaﬂ"ﬁé‘%ﬁ?&é&éﬁ‘s (Efe)cause it is in

are formed. The discharge of the nitrogen-doped carbon rnanotubes (NC

in stBS ¥PHIRASIHIBIB B HE FEIRbM %dﬂghtﬂH?"éSPh%l }S'thlrt'"%éﬁségt}\?éfo”te”t of

thathiftorg@gglosmeraie @aloles tbé ﬂneag&tmgmedmrdopedrmmm(\ﬁanotu bes
(NCNTSs) which have reached the intended maximum agglomerate diameter

areTﬂmweﬁbﬂr%teesﬂutdthedum:ﬁﬂneadtsqﬁatgetém@tﬁsomh@ttﬁtenak@Cp§§sm|e in a

of the |nven |on e carried out ba} chwise or co nuous hW|s(e
I’ISIn van e(%Lﬁ] manner on nUOIﬂ."’i? GHGOH &Z %0 uction of
bo me tep e) of the process oft e Invention can be carrle

1%|mﬂ|e0eﬂﬂrt@nﬂt' f@ﬁbqnenﬁum%@éﬁﬁhﬂterqﬁ@@r%ﬁﬁttbﬁ%ém&eréwﬁge@ bgurprlsmgly
meaas&t@a&gtﬁabtemeﬁh%gwﬁumg Heretdhrdn et chaaipdtie gasontinuous

streamc rlsn the tlea e st material E the fluidized bed
R ERACIgh e AT QB ST A ERe) W IO Creps or

of tﬁ'éfb%eééé"ef%@rﬁﬂﬁémﬁ)wféfﬁrétéﬁﬁﬂﬁﬁ%wmﬁw BotRSLRE. (see above: setting
Parteyher pigigeesice ingiveid touateia)deingganiictOulegatiniipusly#pen nanotubes

ghe (ﬂwﬂﬁzz%rggﬁl(:g%w% Br%wg%%ywth a screening discharge device. Such

devices are generall nown 30 o those skilled in the art, e.g. as sieves, with
recirculation of the fines to the fluidized beg and the reaction zone of th

i B RS RERyIEERy e GURAE e Ria o neoits el rale A Prslyced by
aggloeneraess haliadnsgediamdiepatsovealsitbven nraldrmationdimigidespad thus no loss

dis%ﬁﬁg‘%ﬁtﬁ@fi& H@vﬁ?%ﬁiﬁahﬁﬂ@urﬁ'ﬂﬁ@%’t%@@d@& Eﬁfﬂ&%ﬁh&hﬁaé@@ﬁl@) Ada result,
Such a deV| ﬂ?e installed |nte nalggérg e flwdézed bed or be arrag

extdraRy B s%h% 4y (B ea"Betan APRLROATE (RERILBP Y
2ran@povintircate togeredies mathé antetft fise deacadinsleseliitelb ke lslievecop gl
classification, e.g. by means of a zig-zag classifier, can be carried out.

In its totality, the process presented here makgmssible to produce nitrogen-doped carbon

Ts) per

nanotubesNCNTS) in high yield based on the mass of catalyst usgdbined with very good
quality and a high proportion of graphitic materiaith these carbon nanotubes at the same time

having a very narrow distribution of the geometlimensions.

25 As further advantage of the process of the inventoention may be made of its simple scale-up
since all embodiments of the process steps of theegs disclosed can be carried out continuously
in a simple fashion by means of apparatuses whacheasily be scaled up by a person skilled in

the art.

The nitrogen-doped carbon nanotub®ERTs) produced by the process of the invention and its
30 preferred variants can virtually always be usedeuit further work-up because of the low content

of heterogeneous metal catalyis)(

If a work-up is nevertheless desired, the nitrodeped carbon nanotubeBIGNTs) can be



5 The continuous embodiment using a screening device is particularly
advantageous because it is in this way possible to ensure a constant product
quality based on yield and residual content of heterogeneous metal catalyst
(K) of the nitrogen-doped carbon nanotub&s (NCNTSs). The overall process of

the jygpd AR USHE SRRk WW@@E&%%% ?&Sﬂglﬁuﬂﬂo@e HRRESHed in the

advantageous manner, the continuous, heterogeneously catalyzed
oroaicloh gb £ FIET o REH AR Rt SyAvahgton of the
bedampérticu tarbans trpninglyershvemed groussnisdging raffer pgaidecing ean inert or
heterge@reniss metal catalyst (K) by continuous precipitation from metal salt
solutions (MS) in combination with further process steps for achieving

%a"q{‘?glfk@&?%tb%%JFBﬁ the &H?é&%g%FG@rFHQHe%tEFbHB@eﬂ%d%%ﬂmESPr&ﬁ@ﬁonanzanon in

above: setting of the particle size and also suitable treatment) to form the

nitr G- QAR AP YA RI foHTIREQVeL5oANHRITRIKIEY Qe ST A S AER REpPerties to the
Furthesired tseitrhasmetpisimgiydoeen found that the heterogeneous metal

catalyst (K) produced by the process of the invention displays, in subsequent

useTRe ARrsYab R IdNiliIges MtﬁBmmdpgﬁmmwaeaeaéamgzta@Hyimmon can be used
produm he nitro gen- dcl_)',pee”gfe\rbpn nan tubeefge}lCNT%) ]As a result |
alia, th

rm anlca Increasi he electrical
posssble to %?aln m‘%e}, eyle?ds ot nitrogen- ope carbon nano

1QNCQQ'T%‘)C[§E§'FY2@'8%@!%6@%@(9@)%%6@1%% catalyst (K) used as
disclosed in the later examples. In its totality, the process presented here
malksfitrpussis lgven peodingetinit rogegetidpedicarzoatubesiidies (i @Nasagaording to
hlghrﬁé“?ﬂ@@ﬁ%ﬁq@B&D%&@%%&fnqﬁaéy%%%dé@ﬁﬂﬁﬂﬁgf%%ﬁ%éwﬂg improving the
quall and a ro tlon of h|t material, with these carbon
oS e R S by HAFRO SRS ion of e
geometric dimensions. 25 As further advantage of the Brocess of the
inverBBHERBAtIdKTHSH BYTRdae S R<REnHIRISPSR -t O YnRRNgHPeNENTS) produced
1&mizodondéntsoahéhevpntioe $s ptepscofdihendracass ditciosddcten daaarsed
out continuously in a simple fashion by means of apparatuses which can

easwﬂaemwéa@nby & RRISOSkibed htibeagH:ibhe VINogenNIeREYBBEP@R lighting

tubese B(Ndcall\ggsa?sqlrgg%ﬁeq p¥ ntglle rocess of the invention and its 30

pre erred varants can virtua I%/ always 5e used without further work- up
because of the low content of heterogeneous metal catalyst (K). If a work-up

is n8\9%?{&@%%@a%%ﬁ@@gﬂﬁbdﬂﬂF&@&IP&Bﬁ&BO&%‘HE%BW&&FﬁS@@Q‘&M% ctgﬁ invention
be hBugel rifedserthageusaiumetin s whiclydteuge mensdiytkaoesndgr tishe purification

@UrB@%@s‘&t@S@aﬁf%@%r‘rb&%p%ﬁr(%@té?&l@@%&@ﬁk@h?@%@f@ QntBSnents in chemical

residues of cat ort xidation of the
reactsl'ons %?L}/ TQ’ ce s |n cP Xa?sectog @as Iramework for the control of growth of cell

tissue, in the diagnostic sector, e.g. as market,adso in chemical and physical analysis (e.g. in

atomic force microscopes).

The process of the invention and the catalysts asedrding to the invention are illustrated below
25 with the aid of some examples, but the examplesal@onstitute a restriction of the scope of the

invention.



amorphous carbon formed in very small amounts or by thermal
after-treatment in an inert or reactive gas). 5 It is likewise possible to subject
the carbon nanotubes produced to chemlc%l functionalization in order to
obtain, for example, improved bonding |nto a matrix or match the surface
pro;p_;g(raiﬁ@gg the desired use in a targetted manner. The nitrogen-doped
carbon nanotubes (NCNTSs) produced according to the invention can be used

theq%ectn?:grl{%l%%gya "tt&ré% ﬁtnﬁ’tont\?ecmgh‘f%hrelnforcement for increasing

con uct|V|ty, olouring, increasing the flame resistance.
Preference is given to using the nitrogen-doped carbon nanotubes (NCNTSs)
pro ¥ ording to the invention in polymers, ceramics or metals as
constituent of a composite for im rovm%agt)le electrical and/or thermal

conBRIdt IR AP o ne R 2l FRSNERES PreféfrtBsAKERmSESivaR: 83019 of
BISingnithoy) itrbgenird @gétl £ arlb o desoritah egathiC IN7ES) oo diué@d)s- 38,@cicoadivgyml of

to theilYaIQR LR gaeiNg,CoOndyaiRB LR s A RPRAVEINR ST YRHYERere produced.

Particular preference is given to use In batteries, capacitors, VDUs (e.g

flat
VDU BTG GB0 BB GBS R oM RGN RO GBS o each case
the eitroged-dogestivarbeh rmanotiehesNCH T) pristudéd acoosdingpts thitained were

'nVes%@E‘qu@ﬁ Wﬁklévﬁﬁ‘s@%é%%@ W'k‘meﬁ Gorf Cﬁd?éédr%?nt%t&wuﬁs'%ssolved by
membranes fort ur|f|cat 0 of gases, cat st o S sup

1 e T en e T G U s B B ey 1R fotgrred o
cellgsinalidomédiaiobeistometey ed Sdrbervwas ki Eﬁhwasom@dwﬁf(bhyvﬂlﬁ risfacéd64.8 g of

tissiRdA ﬁh@) Q@@@ﬂi%ﬁ@@iﬂﬂz@a@km&%rﬂw Wnﬂ%ﬂ%ﬁ@ HACRRETEERKIBASIA and B were

physmala SIS e. atomlc forc mlcr SCo The rocess of th
COﬂV(FI)/ ¥ toumg S throu at {nt nsive .contn (_f m|X|ng was
inventi an he &a aI sts'used acc rdlng 0 the iAvVaRtion are iffdetrate

bel®swgdyithelseesan @f sopRensieamplaised yyaeadhia m PRes el ¢ HbRiIBHAANUNIal charge
18 re&tHBHQtrBOf)‘ihﬁo‘ﬁ@@ﬁﬂ@édhﬂat@ﬂ\éﬁmﬂﬂmrmaﬁmEﬁmﬁ@ fReqshvation. aha volume flow

catal ac d|n tot ention utlonso 9473 of

oS SN 53 £ TS Saln AR ok SRl Y HRD SR R ftied so as o
AHZEDSH 22 40N8tAMN GHd &ftshsedd W&%é‘ﬁ%%’?@@&ﬂ'IQTGQGE)?S‘@)HQ-‘@GW&'T‘OQNG‘SW free
m| &ff HemhiBe echvée badmeplAShdng v IMaGND3) r@td 2024 Aid@Ivern@iht at 180°C in air

de'%w&%gbvs\@&géﬁlﬁ?rceaigwqygt 900 °C in air for 40Galcination gave 1046.9 g of a black solid.

20 The theoretical ratio of the components used isQdMAl,O0;:MgO = 17:18:44:21.

Example 2:

Four solutions of 863.4g of Co(N@6HO in 1439 ml of deionized water, 736.8 g of
Mn(NQO;),-4H,0 in 1439 ml of deionized water, 264.8 g of AI(N§EOHO in 575.6 ml of
deionized water and 230.2 g of Mg(R)@6H,0 in 431.7 ml of deionized water were produced.
25 The Mn- and Co-containing solutions and the Al- &fglicontaining solutions were in each case
combined and stirred at room temperature for 5 teuThe two solutions obtained were
subsequently likewise combined and stirred for Butes. Any turbidity was dissolved by
dropwise addition of dilute HNOThe solution obtained in this way will hereinafbe referred to
as solution A. A solution referred to below as #sioluB was produced by stirring 544.3 g of
30 NaOH into 2099.3 ml of deionized water. At room perature, the two solutions A and B were
conveyed by means of pumps through a valve mixghabcontinuous mixing was ensured. The
stream of suspension obtained was collected insaebecontaining an initial charge of about

500 ml of deionized water with stirring, while m&ming the pH at 10. The volume flows of the



The Mn- and Co-containing solutions and the Al- and Mg-containing solutions
were in each case combined and stirred at room temperature for 5 minutes.
The two solutions obtained were subseqtﬂbe]n_tly likewise combined and stirred
for 5 minutes. Any turbidity was dissolved by 10 dropwise addition of dilute

HNQRuidne 2RI RhNedHRARIsHNaY Y kbsseinalier hevalrieethiP ofe solution B

solution A. A solution referred to below as solution B was produced by stirrin

1464% GOHRAB ARSI ThPOT 8 B AR BANATRPOAT PEEHRTE R JPat(ipe vas filtered
the effarsbiuticeguanting BhedrcecohePetbyynetammaot pantpashitaghefilter cake was

Va'%ﬁié@b&%ﬁ%ﬂﬂ%ﬁ gli@‘@hﬁeaﬁ%@;%_!%@dmﬁ%&@&t _@d_stﬁwﬁdgi?hﬁf‘ @ﬂﬁ@@@. @hicination
uspensjon obtain as collected in a vessel containing an initjal charge 1 _
S B, PR B S ot P RTRRE A  ACAT a o -
10. 3HeXNBligme flow of the solution A was 2.8 1/h. The volume flow of the

solution B was continually adjusted so as to ensure a constant pH. The solid

obtanetdtiotnts waygemsdiltanad etrandrsmbsaguently washed free of NaOH
by means of displacement washing. The filter cake was dried overnight at

180£ dxadtipleanst supeUEil Galitibgsh oA athaabtided Hious pfoadekatidiad invention

gave 1046.9 g qf a black solid. 20 The theoretical ratio of the compaqnents.

e st BRI ey D5 IR fRgROnE HBET I PAER'S: eampie o
1863(2irihaNG 8)2V6192¢Mh N8P PURIBA IPdBalRRE 9aE3 6 depeibed in detail here.

Mn(NO3)z.4H20 in 1439 ml of deionized water, 264.8 g of AI(NO3)3.9H20 in

575Exanintd Sdeionized water and 230.2 g of Mg(NO3)z.6H20 in 431.7 ml of

deionized water were produced. 25 The Mn- and Co-containing solutions and
the 24-gaofocMgysontainin g sohption awene odueashacthsdize vl nedcandiiitheid made of

at rﬂ%—tﬁ@%@%%é&%@}%ﬁ@% i) YR RALEIALSAHRIBPEr WSS nm and in which an

subséquently likewise combined and stirred for 5 minutes. Any turbidity was

dis<BRFBY98rBhinSd SIS ST CRRIBY IR SPBOAHO B, AGH BB RS I Frififady Present
1vayThelichetgsh péteiclbe meveraatietoe@s isohatidruyk 32 sl tiidn wefeTred ¢adim|velectrically

as SRILEAMNBV@S BIRIYC S DYestifiingerdft8i@io3e NaPN® 2023 MhSbeen made

deignized water. At room temperature, the two solutions A and B were _
conlJfellBySRUSRSBIWEARLHIRLGhS HARBSRIRUI L fRARbiRiAlage of nivogen and
mixhg stesiansima oThysirsgeraancofeduisipethsrmapb thineghvaasedotigeteplate at the lower

vesgghcantrining e itad ghaise R0t caie: et daiPBized VWalesWiHder operating
while maintainin H at 10. The volume flows of the

2O e EIe S TR DL SO AL AR R GBeeaed fred
flowpet tibastsitetioABVaBaigtidQafyrajrerkd s Wit Repthigeraain g ricetonitrile is
PH. fi&ersglidl Rpiainge intthisivsy Mandileedieghang, st sedenthnvas®firogen are
freelr%]rcolyS(%dH iRygg]see%UsS %frr%i?r%??ﬁem gv%p%"r%ﬁﬂ&c&d&ﬂgesgIttﬁgtcgkseup\f\é?hseated gas mixture

leaves the fixed bed at a temperature of about Q0&3d enters the fluidized-bed reactor.

25 Nitrogen-doped carbon nanotubes are formed omnitially charged catalyst in the fluidized bed,

as a result of which the catalyst particles ard&dmoup and the agglomerate particles of nitrogen-
doped carbon nanotubes and catalyst residues em®do The feed gases are supplied to the
catalyst for a period of 90 minutes until the cggbhas been completely deactivated; the activity
of the catalyst is monitored via the hydrogen etfotuin the reactor determined by means of gas
30 chromatography. After the reactor has been madeé memeans of nitrogen, 220 g of a black
powder are taken from the reactor and a furtheutaB60 g of product remain in the reactor as
initial charge for the next batch. The structurel anorphology of the nitrogen-doped carbon
nanotubes deposited were determined by means of aEdyses (instrument from FEI, model:

Tecnai20, Megaview lll; method as specified by thanufacturer). The amount of nitrogen



dried overnight at 180C in air and subsequently calcined at 400C in air for 4
hours. Calcination 5 gave 550 g of a black solid. The theoretical ratio of the
components used is Mn:Co:A1203:MgO = _36:39:16:9. Production of
nitrogen-containing carbon nanotubes 4 examples of the production of

Nitr Qe IRRES S AERIMINBE BIHRE SRS BROSRSGSIr Hﬁ?eH?Yf%ﬂ‘r"@ﬁ‘erﬁfT&qsher ESCALab

presented below. All relevant e gﬁenmental parameters are shown in Tabl

Exatfipte 5 mFe"PEaRRIFRT HARARY & folRPIuARiHg o aataGH awgﬁ%ﬁ@ﬁaef*o%sata'vst used,
feedgyasipited exferibe doirrsigid, vere definadnpidtsiLaf ghefroasalgbratdhmafter calcination

Examplg dndredniagGRerdate aﬁéw@aa%%ca?w@rd/vh fRIsnmaee.of m the case of

-temperature-resistant stainless st an in ernal di meter
AR AT LT IFGE SOD S A7 ARl b ES e e miroger
nanmu@eta@mmr@mt@ssé aﬁ‘éetdwmiehbnt 15 The catalyst particles have a
diameter in the range from 32 m to 90 m. The reactor is electrically heated
fronmable ausbles teuaraaetionpiempiictiuneref GthOikiawmidd adterithe reater haslogous to
beepaAle sMilciid SACHORMIGYE GORSISIR0 Foh’ YANOOLACEICBH If-co-alg

25 standard 1/min of nitrogen and 3.6 standard 1/min of droqgen are fed

intoTHEPSHBER AN HBHIGHF SLRURAELITRRE SRTRETBIRE TERETOIEerameta. of catalyst
10 heusepeTfieigiefhsfvelooep-dopad mwonaerdaitse deadtor amdentay erdingt 26ed can be

conglitiensds QyZJdHVEnTJ?G‘e{%ﬁquaa%@%MB%AB&H%HGP%'%@%WH@@FBM the nitrogen
electrlcall}/ heated fixed I{ iameter: 50 mm, hEI%ht 1000 mm, packed

with 8”5 ﬁé@%lﬁ’fﬁqﬂ%g}k‘?ﬂé%{Eél?Sﬁﬁﬁ?éo smW(ﬁ% in liquid form into this
by means of a metering pump; the nitrogen and the hydrogen are introduced
in gaseous form into the evaporating acetonitrile so that a superheated gas
mixture leaves the fixed bed at a temperature of about 200C and enters the
fluidized-bed reactor. 25 Nitrogen-doped carbon nanotubes are formed on
the initially charged catalyst in the fluidized bed, as a result of which the
catalyst particles are broken up and the agglomerate particles of nitrogen-
doped carbon nanotubes and catalyst residues are formed. The feed gases
are supplied to the catalyst for a period of 90 minutes until the catalyst has
been completely deactivated; the activity of the catalyst is monitored via the
hydrogen evolution in the reactor determined by means of gas 30
chromatography. After the reactor has been made inert by means of nitrogen,
220 g of a black powder are taken from the reactor and a further about 350 g
of product remain in the reactor as initial charge for the next batch. The
structure and morphology of the nitrogen-doped carbon nanotubes deposited
were determined by means of TEM analyses (instrument from FEI, model:
Tecnai20, Megaview HE method as specified by the manufacturer). The
amount of nitrogen



-18- incorporated is determined by means of ESCA analysis (instrument from
ThermoFisher, ESCALab 220iXL; method as specified by the manufacturer).
The content of nitrogen based on catalyst 1%S-ed’ hereinafter referred to as
yield, was defined on the basis of the mass of catalyst after calcination
(m.,,0) and the weight increase after reaction yield = (nko~mc,to)/m.to. In the
case of 5 Example 5 examined in detail here, a yield of 8.2 g of NCNT/g of
cat.i i ' t | % ight.
S TS S e
manner analogous to Example 5 described in detail above. It can be seen
that catalysts based on Mn-Co-Al-Mg compounds give a high yield of
nitrogen-doped carbon nanotubes based on the amount of catalyst 10 used.
The yield of nitrogen-doped carbon nanotubes based on the amount of
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donor to|the feed gas, but/the nitrogen copntent of{the product taken from the
reactor then decreases. -19- Table 1: Overview off experiments for ¢atalyst
testing in a fluidized-bed apparatus Ethylef&Y'$¥Eetanftr3le In the 13z Inthe
Ntnfha Nlim En in the bEed teedg4a8%Eed JH8< fefdtas [ Yielti™Sn eontent Nitrogen
at Catalyst; gas gof Prarduet araf feesh (eatspst denhaavs|ERsA TRssENTIUArd content of
StfiFArd stanched ; ~CNPf E~dmpke: rvi'4'u C gliplri afaaedn 3Tmiri <€ 21 minproduct
gof®Bat- WEENIFEBRTZ3MgO 3 1 17:182A491 P59 3370988 3RHB'T/
05%e Mn:Co:APZ0O3:Mg0’4 1 12'18:44;21/780 15.8"33 0/ 3.8M7.4/ (849 | W»

aatabhict oo d Ao b D 1E1 daoana ac addclit
CataryStuSeU Calm ot mitreastu Uy adurtorT oTrCtTyreTric—asS E.uuu.lun Cal oo

[\ P Ll Fa Vo W PN = | 1L NN FallaY =il o Wa Al alller . V2 Vi
VITT.CU.ALLUO. VIYyU O 1 1

18+421 750 19.U U 3 U L0 0.£[0.1470
Mn:Co:A 1203%0 6 2 36:39:16:9 750 17.2 0 3.6 25 9.3 5.42% 5 Fig. 1
1

Oy

shows a tM4hsRiEReN 8 ¢tron micrograph of nitrogen-doped carbon
3 rfanotubesfi@A4.21 750 3.9 33 0 3.3 335 0.51%
Mn:Co:Al,O0::MgO
4 1 17:18:44:21 750 15.3 33 0 3.3 17.4 | 0.84%
Mn:Co:Al,0::MgO
5 1 17:18:44:21 750 15.0 0 36 |25 8.2 5.74%
Mn:Co:Al,0::MgO
6 2 36:39:16:9 750 17.2 0 3.6 25 9.3 5.42%
5

Fig. 1 shows a transmission electron micrographnitfogen-doped carbon nanotubes from

Example 5

Fig. 2 shows a transmission electron micrographnitdfogen-doped carbon nanotubes from

Example 6




Example 5 Fig. 2 shows a transmission electron micrograph of
nitrogen-doped carbon nanotubes from Example 6 -20- Claims 1. Process
for producing nitrogen-doped carbon nanozt bes (NCNTSs), characterized in
that it comprises at least the steps a. precipitation of at least one metal (M)
fronyg selution of a metal salt (MS) of the 5 at least one metal (M) in a
solvent (L) to give a suspension (S) comprising a solid (F), b. separation and

if te aft t t of th lid (F) f th
2 horerboUHRtS IR 150 ERFRAHE SRR o BB o n hat i

metal cataﬂymlﬁ)amt)l%aﬁlﬂm&z%@p@ed 10 d. reaction of at least one startlng

material (E) comprising carbon and nitrogen or of at least two starting
materials (E) af whicipiatilrast atreasonnerisetddrivara antltédin lefashetd salvS) of the

gomprises nitrogendi g dijidized P%%BM%H[@%Q% %Oagﬁ%%gHécf%?E%%ﬁrising a solid

catalyst (K) to give nitrogen-doped carbon nanotubes (NCNTSs), e. dischargé
of the mtrogen-d@fbed carbon nanotubes (NCNTSs) from the fluidized 15 bed.
2. Process according to Claim 1, characterized in that the at least one metal
(M) compriseB. a seraigitteranteiahrBr PreEe s§eidiendmaghe @i h) fremzhe suspension

characterized in ()ab heraeiabayeAbbos sRPEREHE (Mmetal salt (MS) of the
at least one metal (M) which is soluble in the solvent (L). 20 4. Process

according to any,af e RSRSPHE RSP R ﬁﬁ%ﬂ@ﬁg&@nﬁ?@ﬁm%lzed bed,

precipitation in step a) is carried out by addition of a precipitant. 5. Process

ccording to gny, c Oft pr ceding claims, characterized in that at Ieast ne
! f
e come A e e S A RIS anang Bh G S rggen or o

catalytically acti# '%&éﬂ%éﬁﬁ@@ﬁ@tgr@@@ﬂ Whiple ﬁr&éﬁﬁlt%ﬂmﬁqfﬁ‘@té@ﬁéaﬁ“bon and at
25 6. Process agegiding tcbarpyﬁstln&rpgeﬁedin@ claim,dcb@dﬁmérim&djgéh@dus metal

the separation |n s%ﬁﬁt C%é'%‘?r%#n‘% 5?1%d %rgo%f %ﬂg{mwhlch is

followed by at lea

e. discharge of the nitrogen-doped carbon nanot(d€NTs) from the fluidized
15 bed.

2. Process according to Claim 1, characterized inttheat least one metaWl) comprises a

transition metal.

3. Process according to Claim 1 or 2, characterizetthan the metal saliMS) comprises a

metal salt 1S) of the at least one metél which is soluble in the solverit ).

20 4. Process according to any of the preceding claiims;acterized in that the precipitation in

step a) is carried out by addition of a precipitant

5. Process according to any of the preceding claitmsiacterized in that at least one further
componentl() which together with the at least one metdl) forms a catalytically active

mixed compound is added in the precipitation ip ste

25 6. Process according to any of the preceding claifmaracterized in that the separation in
step b) is carried out in the form of a filtratianich is followed by at least one washing
of the solid F).

7. Process according to any of the preceding claitmatacterized in that an after-treatment



7. Process according to any of the preceding claims, characterized in that an
after-treatment -21- of the solid (F) is provided. 8. Process according to Claim
7, characterized in that the after- treatmentzﬁ step b) comprises at least one
drying of the solid (F) and/or a calcinationof the solid (F). 9. Process

according dpyRnypl BesBRAAAY claims, characterized in that the
heterogeneous 5 metal catalyst (K) comprises a mixture and/or alloy of the

form !\%n o dée?s'%«%oﬁ'c‘?n {PCRm 769U &9r¥?e§|%§rﬁggf%ggé%ﬁﬁd tB?EomprlseS

M3 is resent In a proportion mass o
Coand is ﬂr@é‘éh?”ﬁ ﬁ%?@ﬁtﬁr‘ﬂ@ﬁ%@(ﬁﬁ@@b@ fiIFN2RS Yabs sRlERO is

A1203 and is present in a proportion by mass of from 5 to 75% and 120 is
MgO afd presseatdardinardpenion thy nrassdbfofdansestz02ed I0that, tedistegeneous
giccording i ANYaRiiyofk PEBRPHAING alaimsrChRIRC @I RA tethahie.0:1,0.

heterogeneous metal catalyst (K) comprises particles having an external

diameteg 'Brﬁ&%é@g%féﬂ{ﬁ‘ 1OIFH9 ]cfﬁgpa&hrl%%fﬁ{@t?é)é ﬁﬁﬂ”&nﬁ%’ﬁr&%e@ﬁ%@ proportion

partlcular% preferméy from 30 m to 100 m. 12. Process according to any of
o,

the precedhg'ResiRldOBM 219 GR AWM T PARIRN 'maPSOQfEbOB)bbémassmﬁfﬁ to
carried ou8@eitendgerstwigs; knthis paexpatfiom [BOPE o by00&Ss micferalZBoérand JO is

500C to 19@%%5%%@&’ RS [REBBA YN RAQG AR 96or 13- Process

according to any of t precedlng claims, characterlzed in that the fluidized

1(? edin IS_‘Lterrcgic)fs]?Oa%gé%s%% 0 an Bf%é n{%%%éﬁlh% & ﬂ%ﬂ%n atgﬁl Veh %%geneous

which is from est e mini ization ve OC|tyf partlc

present inTsEHGRIRED bG8 PPeesepalir|egskayinthahierdejenl difiaeneiaponge from

nanotube(&NJ s5poqdbicedisiatnefpioGessMmescend pgricurily piieably from 30 um
precedlngt I?HQ[?HJIQ polymers, ceramics or metals as constituent of a

composite for improving the electrical and/or thermal conductmty and/or

mechc’_;lr:rll C%' op ertleo§8125 %'05 awse OtLth Q(I:%S%Sncgﬁlﬁ) glrlr?eo in ?Eta?t%e ?eaction in
(NCNTS pro ticed 088¢s’acton |ng to any o aims*t or
1i)rodu0|ngS(’é@'mdlj@t@ﬁlﬂna@l@lhﬁdﬁmnﬁm@l{ﬁﬁl%@ﬁm@@WC to 1600°C, preferably from

500°C to 1000°C, particularly preferably from 60Q8C350°C.

13. Process according to any of the preceding claiims;acterized in that the fluidized bed in
step d) is operated so that, at least in the @ane, a gas velocity which is from 1.1 to
60 times the minimum fluidization velocity of alagicles present in the fluidized bed is
20 set.

14. Use of the nitrogen-doped carbon nanotulSNTs) produced by the process according
to any of the preceding claims in polymers, ceranmoc metals as constituent of a
composite for improving the electrical and/or thalnconductivity and/or mechanical

properties.

25 15. Use of the nitrogen-doped carbon nanotu&SNTs) produced by the process according

to any of claims 1 to 14 for producing conductaclks and/or conductive structures.



