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_catalyst The present |nvent|on relates to a process for the production of
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deposition of very f| ne fibrous carbon fromt he catal yti c deconposition of
hydr ocar bons was al ready described in the 70s and early 80s (GB 1469930A1,
1977 25 14nd ERaB8@0dakybeso@2, chiefl e sinderdtoBdkasr meahimgerylirelriesk catbhe whebon

filanments duced n the Sis O t-ch ocar bons, are n
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of carbon nan%@'hﬁﬁeshméldmnet&l ARt EBeLdre MRS gfbéfflay%%oomuééd%h%ﬂ%ﬁsr i bed,
inter alia, in EP 205 556 Bl and WD A 86/ 0345 .e. short- and

medi um chai n ahd bhet acconeroihtlffcrenbmoaﬂwdbgyuchme cafaonatanot)lbhg/ahecndm tadled, and a
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15 their particular properties, the carbon nanotubes described are of industrial

importance for the production of composite materials. Essential further possibilities

lie in electronic uses, energy uses and further uses.

Carbon nanotubes are a material which has been known for a relatively long time.

20 Although Iijima in 1991 (S. lijima, Nature 354, 56-58, 1991) is generally named as
) the discoverer of nanotubes, these materials, in particular fibrous graphite materials
with several graphite layers, were already known for a relatively long time. Thus

e.g. the deposition of very fine fibrous carbon from the catalytic decomposition of
hydrocarbons was already described in the 70s and early 80s (GB 1469930A1, 1977

25 and EP 56004 A2, 1982, Tates and Baker). Nevertheless, the carbon filaments
produced on the basis of short-chain hydrocarbons are not characterized in more

detail in respect of their diameter. The production of carbon nanotubes having
diameters of less than 100 nm is also described, inter alia, in EP 205 556 Bl and

WO A 86/03455. Light (i.e. short- and medium-chain aliphatic or mono- or

30 dinuclear aromatic) hydrocarbons and a catalyst based on iron, on which carbon

supports are decomposed at temperatures above 800-900 °C, are described here for
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» ‘i ncl ude, for rc, laser ablation and catalytic many
of these proc‘gé ggm%?:%?bon bl ack, anorphous carbon and f%%@ﬁﬁg%?lﬁggl arg

- dianeters are formed as by- products. In the catalytic processes,

di stinction may be made between depositiﬁ? on supported catal yst 5 particl es
and deposition on netal centres formed isitu and having dianeters in the
nanonetre range (so-called flow process). In the case of production via
catal ytic deposition of carbon from hydrocarbons which are gaseous under
t he reacti on thepnatluctioms The knbie rhethodsninepd€CioD;exemple, ylxd,da&e;arabbtionrap@ur

deposi tion), acetylene, F{Eane Hane et hyl enge, g t ane, t ene,
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oxi des or deconposabl uci bl e netal conponen For example, "Fe, M,
Ni, V, M, SmproGssesCa duﬂmwmhemay deempderbetweed depositivnl @ supponted qatalxmt art.

The i ndi 'd I t al d d have.a tendency t.o form nanotubes, but
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conbi nation of the abovenentioned netals. According to the prior art,
particularly éa;bv’anbmglfombom;fsmedwdmcerbbasedndn awr@sewﬁmrdsrwm crhacd:lonpri se

Fe or Ni. The rnmation. of. . carb not bes apd the erties of the tubes
f or med depenocqnﬁlt‘é’né efolioying ey eaPon § élﬁ ogiueny. acetylpre,

catal yst or ,Retahne ”etﬁ{rleﬁ@“o%'i%' g&eﬂc?ttﬁl'tadfé}{éppgn%hé andl FErR4PLPEIn-

mat eri al use an the I nteraction between the catalyst and support, the

educt g&é8 andeant@nipgretiias aprmeetioned aagossible garbbn tdpdonsgé?hemata‘lwst hea rulgas es,
Lhe Teaction Leper alune ond the el AL and e feRet oL et rar,
IOy PRI ECEA N . 18,55, 001 0 At b RUBH e |
process. Thi sprowrest n'fina mdiviidual mekeds usitally |1ﬂu1eteédhav«3a ¢erdencyt tovfatrmaranofubed)e
et al Corrponegll}t accorglng tcl)J Phe p%or %Pt(ﬁéﬁ Iyl%ﬂis (fa“r/ tc)grrlltents of amorphous carbons are
15 advantageously achieved with metal catalysts which comprise a combination of the
abovementioned metals. According to the prior art, particularly advantageous
systems are based on combinations which comprise Fe or Ni. The formation of
carbon nanotubes and the properties of the tubes formed depend in a complex
manner on the metal component used as the catalyst or a combination of several
20 metal components, the support material used and the interaction between the catalyst
) and support, the educt gas and its partial pressure, admixing of hydrogen or further
gases, the reaction temperature and the dwell time and the reactor used.
Optimization of the production process is a particular challenge for an industrial
process.
25
It is to be noted that the metal component used in CCVD and called a catalyst is
consumed in the course of the synthesis process. This consumption is to be
attributed to a deactivation of the metal component, e.g. due to deposition of carbon
on the entire particle, which leads to complete covering of the particle (this is known
30 to the person skilled in the art as encapping). Reactivation as a rule is not possible

or does not make economic sense. Often only at most a few grams of carbon
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Oten only at nost a few grans of carbon WD 2006/ 050903 PCT/ EP2005/ 011925
-3 nanot ubes are obtai ned per gram of cat al3yst t he catal yst here including
the entirety of support and catal yst used. 'Because of the consunption of
catal yst described, a high yield of carbon nanotubes based on the catal yst
enpl oyed is a substantl al uirement of the catal yst and process. 5 For an
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| aser abl at i on requiccareénbof the catalydedndygocessl y | ow production rates and high
contents g anor phous carbon or carbon black. The conversion of these
structures on the | aboratory scale with production rates of a few grans per

day into an i nql&ﬁtaﬁ'1ﬁdus§ﬁ@bﬁ)dh§tldt§éﬂalr%lﬂ%§tul%§ ecg" ly a\é’bﬁﬁltﬁjénft fdrGHprovind hus,
| aser ablation is also expensive and a scale-up ditficult. Various processes

descri bed 15 i rth¢ heedbaniealaprapertiesr orn Iqenctncwllly:tqfocpmposmtarmtcnlahsncﬂsum;h oy
CCVD i ndeed shaw,the . suitabili
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targeted pretreatnment T n particular reaction atnosphReres, such as,
party cul atQ r edoatenas kyte ogaeln Ggentbapdueoremserablatiah ob caﬂ;@nd:é’@nrdehed dni)y lctvhe

production of car nanot ub The follown xanpl es from erajure
and, in particd'¥ ‘5)“0 tign ;2o qnﬁtle‘g]étciﬁ’P?nE?nﬂwa’PﬂB’?‘PB? é?&’ﬁ&e‘é‘ &8 ?‘élb g ﬁé? ein
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are known for the production of carbon nanotubes. Such carbon nanotubes are
al ready descri kgrams pereday0a@GAGBGustridl qt:&l;tpeusuaﬂy pOssilale pulyswith dififinulty. obbiks) .
The cited appl Ilgsaétr Iaglgttgr? Is also erx%%r?s(i\tlel and a[éc et- 8’ ?ﬁcult SParious processes described
15 in the literature for the production of carbon nanotubes by CCVD indeed show the
suitability in principle of various catalysts, but often have only a low productivity.
Catalysts and particular reaction steps which, in addition to the reaction step of
deposition, also describe the targeted pretreatment in particular reaction
atmospheres, such as, in particular, reducing hydrogen atmospheres, are also

20 described for the production of carbon nanotubes.

The following examples from the literature and, in particular, patent literature and

the references contained therein are intended to illustrate the prior art.

25 Various processes and catalysts are known for the production of carbon nanotubes.
Such carbon nanotubes are already described in EP 0205 556 A 1 (Hyperion
Catalysis International). The cited application for a protective right describes an
iron-containing catalyst and the reaction of the most diverse hydrocarbons at high
temperatures above 800-1,000 °C. The use of Ni as a catalyst is likewise described

30 e.g. in the dissertation of M. G. Nijkamp, University of Utrecht, NL, 2002
"Hydrogen Storage using Physisorption Modified Carbon Nanofibers and Related



iron-containing catalyst and the reaction of the nost diverse hydrocarbons
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15 the subject of numerous studies. On the basis of the importance of the catalysts for

the production of carbon nanotubes which 1s described in these sections, the reaction

apparatuses used are closely linked with the catalyst used and the resulting

properties of the nano-material produced. Comparable catalytically active elements

or combinations thereof can indeed be employed, but the optimum conditions of the

20 industrial reaction procedures only emerge from the complicated interplay of educt

) gas and concentration, catalyst properties, hydrodynamics in the reactor and product

properties.

EP 1 375 424 Al describes an industrial device for the production of carbon nano-
25 materials and also mentions a very general catalyst composition. The catalyst
composition is stated with the presence of the elements Fe, Ni or Co. However, no
precise, particularly suitable composition is mentioned. In a work by Cassell et al.,
various catalysts for the production of single wall carbon nanotubes which are based
on iron/molybdenum are described. If 5 g of catalyst are employed, just 1.5 g of
30 carbon nanotubes are produced (Cassell et al. "Large Scale Synthesis of Single-
Walled Carbon Nanotubes", Journal of Physical Chemistry, 1999, 103 (31),
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~work by Cassell et al. various catalysts for the production of single vvaII
carbon nanot ubes which are based on iron/nol ybdenum are described. If 5 g
of catalyst are enployed, just 1.5 g of 30 carbon nanotubes are produced
(Cassell et al. "Large Scale Synthesis of Single- Walled Carbon Nanotubes"”,
Jour nal of Physical Chem stry, 1999, 103 (31), WD 2006/ 050903
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hi ghly oxi di zi ner, aci ds, dilute on  concentrated ses or
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141- 142, 2001¢goRfddaitOusMeodppenes et al ., Catalysis, 42, 2004, 307- 15 315).
EP 1 318 102 Aloﬁ)gnd WD 03/ ooﬁo Al (Nanocyl S. A) rrenti on catal ysts based

on) thelél ements Fe, Co, Ni, V, Mo, Cu on particularly sel ected supports.
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EP 1318 102 A1 and WO 03/004410 A1 (Nanocyl S.A.) mention catalysts based on

the elements Fe, Co, Ni, V, Mo, Cu on particularly selected supports. The
maximum yields are still at values of MnanotubesMeatalyst <5-6. The supports selected

20 are said to lead to easy purification with advantageous properties of the nanotubes
) produced. Hydroxides and carbonates are mentioned as particular supports, but, as
is known to the person skilled in the art, these are converted into the corresponding

oxides at the temperatures necessary for synthesis of carbon nano-materials. These
supports must moreover be prepared separately and the active component

25 comprising one or more metal oxides or reducible metal compounds must be applied
to these supports. In this context, the amount of active components which can be

applied is limited, since only low loadings with an active component lead to a high
dispersion and small primary particle diameters, and therefore render possible the
formation of carbon nanotubes (G. Ertl, H. Kndzinger, J. Weitkamp, Handbook of

30 Heterogeneous Catalysis, VCH, Weinheim, Germany, 1997, vol. 1, p. 191 et seq.,



* supports nust noreover be prepared separately and the active conponent 25

' conpri si ng ong, OLodRLfet al oxides or reducible netal co%owg Re

~applied to thesé supports. In this context, the anount of "active con%onents
which can be applied is limted, since only |ow | oadings with an active

conponent lead to a high dispersion and small primary particle dianeters,

and therefore render possible the for mati%n of carbon nanot ubes (G Ertl,

H. Knozi nger, J. Witkanp, Handbook of 30 Heterogeneous Catal ysis, VCH,
Wi nheim Germany, 1997, vol. 1, p. 191 et seq., WD 2006/ 050903 )
PCT/ EP2005/ 011025 De Jong, J.PV. Geus] diatpl. Rev. \Bti. Gags 20061 44, 4, R81-518cdisseBagon

2000, 42, 4, 481-5 , dissertation M, S nraad, University of
Urecht, NL, %gé\é)s eFnpg mx?rs’(tEPgﬁlfrFW%}’l—ﬁ%ggri bes coating of a
substrate with an Ni- or Co- 5 based catalyst. In this context, there is a

high industrial outlay in the preparation of the substrate with a
particul ar | ayEr 1368505- Abr(Elotrireesp descaibad poatingepfos istlestiratd wiitbuan Wi- eufoent .
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a process for the production of nanotube filns, 1n which the catal yst can

conpri se Fe, Guorredd. , FiNitheridlore, Bl theCproaesd, whichus és behwpestéd ohlyvieaterwise, lthe

catal ysts are not described further, and no reference is nade to .
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descri bes a m%ﬁébiﬂgaﬁgﬂdi%i fFalRugpCtion of spiral or twsted nanotubes,
al'y

wherein the cat st Influences the formof the product. The catal yst
conpri ses) one or nore elements fromthe group consisting of Fe, Co, Al, N,
M, Pd and Cr, o0 ese el ement.s or m xtures _ thereof, conpi ned with further
el enents or zoWQ_x?@i@ﬁ?ﬁb 4195%_0@ %Sea;péoq?aﬁéortt&egg?ﬁcélepa&@%wmbﬁaﬁménof
elements fromy g el OhRystl Qb dofiphiQY FRICHNRIINENM, SRIEMME Riktfes th&eopthi Ch
al l ow good i ncorporation”properties, in particular
However, the catalysts are not described further, and no reference is made to
particularly suitable combinations of these elements.
15
US 2003/0148097 A1l describes a method for the production of spiral or twisted
nanotubes, wherein the catalyst influences the form of the product. The catalyst
comprises one or more elements from the group consisting of Fe, Co, Al, Ni, Mn, Pd
and Cr, or these elements or mixtures thereof combined with further elements or
20 oxides. No reference is made to particular combinations of elements from this group

) for improving the yield.

Optimum structures which allow good incorporation properties, in particular
dispersibility, are said to be obtained by particular support / particle configurations.
25 The structure of the carbon nano-materials has been optimized in particular by this
means. For the production of a particular modification of the carbon nanotubes
specifically for use in polymers, the use of supports having a well-defined structure
is also reported e.g. in US 6,358,878 B1 (Hyperion Catalysis International Inc.).
Partial parallel alignment of the long nanotubes and fibres into bundles is achieved
30 by the use of support materials which have a structure of cleavable planar surfaces

or are made of crystallites having just such cleavable surfaces. These materials
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removed l0or t nenfioms typical yiskds dfhthe ardesift20-25 tiaresithe catalyst wierglit stpicgled.

out'l ay, which_j.nvolyv several further roces teps., Furt herpore,. . under
certain ci rcuﬁiﬁ g&i«fsmgn%tﬁbﬂ%qesg&? %H{%fét%ﬁgspiﬁsff?@’ gye.cloH@n{:g{rg ues
nanot ubes areqf E'thl‘}&%ﬁ% ort ﬁ%o"t@glﬂhﬁgth@& RfduedHbdt beGahbo fod @ReahAg on
t he procedure chosén. Easy renoval of the catalyst 1s also the aim for
exanpl e, in thbee. abbisawsuitsi ionedincrgepdd mdustoal w@lay3diehdib@oles sdteralufsgtherf

hydr oxi des and/ or carbonaﬁ%of Ca, 20 . Al, Ce, Ti aHd La as, a support
i s mentioned agocglssséqem.i 0 TIRTSs WdGh | SeRmin RrgHmstncss &t etrH%'ngl%Xs and
cat al ystig kKnoyp,R&ieR" b thé " tarb@lY ErahbRbEY ORE ehbBRiedt BF the working up and

purification, depending on the procedure chosen.

Easy removal of the catalyst is also the aim, for example, in the abovementioned
Application WO 03/004410 Al. The use of hydroxides and/or carbonates of Ca,

20 Mg, Al, Ce, Ti and La as a support is mentioned as a solution to this problem.

In principle, the processes and catalysts known as prior art have the problem that the

ratio of amount of catalyst/amount of CNTs produced is not satisfactory.

25 The object of the present invention was now to develop, on the basis of the prior art,
a catalyst and a process for the production of the carbon nanotubes described above
which render possible the production of multilayered carbon nanotubes having
diameters of from 3 to 200 nm, preferably 3-150 nm, particularly preferably
3-60 nm, and an aspect ratio of L:D > 100, preferably > 500, particularly preferably

30 >3,000, in an industrially efficient manner, i.e. in particular the highest possible

educt conversions and a low addition of catalyst.
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~ The object o nt invention was now to devel op, on asis’ ot the
prior art, a catalyst and a process for the production of the carbon

nanot ubes descri bed above which render pgssible the production of

mul til ayered carbon nanot ubes having dianeters of from3 to 200 nm
preferably 3-150 run, particularly preferably 3-60 nm and an aspect ratio
of L:D > 100, preferably > 500, particularly preferably 30 > 3,000, in an
industrially efficient manner, i.e. in particular the highest possible
educt conversions and a Jow addition of catalyst. W 2006/ (050903 . .
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are gasedus uHH8s AT r*}bg%le’c %ﬁﬁﬁﬁ&?‘t?@?ﬁ%@?#@o a%"ﬂgl’%?@yygﬁ“{‘?{em’é’dﬁ@.

Sur prisingly, SRgd o] y : kijo,on of
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Vh- Co not onl gmployedlacthd edwtbon nanot ubes in a very good quality and with a

hi gh graphitic content, but the yield of carbon nanotubes, based on the
wei ght of catal yst enployed, is also particularly high under suitable

reaction condg 'H%gla,?‘iﬁ fe! pBidnts BniRfdodenBO ey Bliflyz@PUEIIRn PR B! N T

and Fe/ Mo catalysts epared’In a conpara mamnner . I's context, the
carjpon nanot ubamtebes,piti was Gundgthaivai catdlyse Hasednoaf tharelémamadni@ nonbuiyr se”
the catal yst pri contained in the catal yst. mer at es bei ng

driven apart Wdt%yﬁgl?ﬁr&%é@%&? Bvi Hgy seat aealitk and yishre lagF CroPie coitand o
B B e, e T
cobal t. An adparticdarlphigininder ewitabld sactthnadctindimnes Sulprisaly,thighertydeldsharebase
obtained than with Fe and Fe/Mo catalysts prepared in a comparable manner.
15
In this context, the carbon nanotubes surprisingly grow in the form of an "expanding
universe", the catalyst primary particles contained in the catalyst agglomerates being
driven apart by the nanotubes growing statistically in all directions and a looser
material having a bulk density of < 500 kg'm™ being formed.
20
) The catalyst according to the invention is based on the components manganese and
cobalt. An addition of molybdenum is advantageous. In addition to the base
components, one or more metal components can be added. Examples of the latter
are all transition metals, preferably metal components based on the elements Fe, Ni,
25 Cu, W, V, Cr and Sn. The catalyst according to the invention preferably comprises
2-98 mol% Mn and 2-98 mol% Co, based on the content of active components in
metallic form. A content of 10-90 mol% Mn and 10-90 mol% Co is particularly
preferred, and a content of 25-75 mol% Mn and 25-75 mol% Co is particularly
preferred. The sum of the contents of Mn and Co, or Mn, Co and Mo here is not
30 necessarily 100 % if further elements, as mentioned above, are added. An addition

of 0.2-50 % of one or more further metal components is preferred. A content of 10-



conponents, one or nore netal conponents can be added. Exanples of the

" latter are @ddokabiebd i on netals, preferably nmetal conmporgiirphagthen the
el enents Fe, NI, 25 Cu, W V, C and Sn. The catalyst according to the

i nvention preferably conprises 2-98 nol % Wn and 2-98 nol % Co, based on the
content of active conponents in netallig form A content of 10-90 mol % Mh
and 10-90 nol % Co is particularly preferred, and a content of 25-75 nol % nh
and 25-75 nol % Co is particularly preferred. The sum of the contents of M
and Co, or Mi, Co and Mo here is not 30 necessarily 100 %if further

el ements, as9femoi%nMn abb9e maPe Gadad OAD awrlie imaglybdsmum ds W%"g?ﬂ)bne or

nore further co S, 4 ef.end e t ok 1 050903
PCT/ EP2005/ o?%gé}géd' - 9%8&%%‘%’@,5 Pf’%?r&%&%%@@% 1‘8" n%ldo\;\?n%ﬁo %ﬂe/‘ﬁ umis
parti cul ar | y mdisfeatnmesl versx pagtivueiily péfeddd.75 nol % M, 25-75 nmol % Co and 0-25

nmol % nol ybdenumis very particularly preferred. 5 Catal ysts which have
simlar weight contents of Mh and Co are preferred in particular. Aratio

of M/ of ;1. 2 e tigular efer 1.5:1 to
T 15 he oSebE: Sl gt B bonfttls, O St Bom R Are i
ways. 10 PreattiRulaal iA0mtieofiMn/Slepifaidm 1288 & 1:31i§ praférpdde @amiculaflyqirefetabppr t
materials, coprecipitation of the catalytically active substances in the
presence of &-3UppddtS- coprecipitation of the catalytically active netal
conpounds together with the support nmaterial or coprecipitation of the
catalytically active netal conpounds together with an inert conponent,

whi ch forms Fhsup@alykt MREGHIng td Nthe Unveetions teaR SbOf prepdred aindlvasibus hbays.
treatnent, are conceivable. Various starting conpounds can be enpl oyed, as
| ong asl® hes&renipitationuisine ton suprort switesials, umepregrationn of heuppese wRterials,

preci pitation or ceprecipiitatiqgn,. n, al o] t oget her .
Exanpl es of tcﬂérseglp??g% Pﬁéﬁec oartrzgxfﬁ%a %c?iélg gggi??ﬂcg% fﬁ% lﬁ}lRet fg%%eg%e 03% %:%%8th des
and further sopiébipetatONHOMB datalyliballyPdctivt pietdicoMpotiy thgethérovighthealppirt €. g.
by a change in the tenperature, the concentration gal so by evaporation of

the sol vent ypatggaler cpprsgipitation ofdhp ratalytically asiive metal gamppirdsgpgether with
precipitati n%nqggljetcm%&)onent, which forms a support material in further steps of the catalyst

15 treatment, are conceivable.

Various starting compounds can be employed, as long as these are soluble in the

solvent used, or in the case of precipitation or coprecipitation, can also be

precipitated together. Examples of these starting compounds are acetates, nitrates,

20 chlorides and further soluble compounds. The precipitation can be brought about

) e.g. by a change in the temperature, the concentration (also by evaporation of the
solvent), by a change in the pH and/or by the addition of a precipitating agent or

combinations thereof. Light alcohols and / or water are preferred as the solvent.

Aqueous synthesis routes are particularly preferred.

25
Coprecipitation of the components, in particular from aqueous solution, e.g. with the
addition of ammonium carbonate, ammonium hydroxide, urea and alkali metal
carbonates and hydroxides, is advantageous and therefore preferred. The
precipitation can be carried out either batchwise or continuously. To improve the
30 precipitation properties and for surface modification of the solids prepared, surface-

active substances (e.g. ionic or nonionic surfactants or carboxylic acids) can be
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preferred. The precipitation can be cafﬁiéd out either batchw se or

continuously. To inprove the 30 precipitation properties and for surface

nodi fication of the solids prepared, surface- active substances (e.g. ionic
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PCTI EP2005/ 01192 -10 added. The.catal yst, which i bt ai ned in.the form of
a solid, can %@ egié'ﬁtasfoglftéodm]ﬁ)ryo%et%f)ﬁse%%%{fo g’gquﬁogrr%(ﬁk\% W&hﬁ&%s SWO%C'g'o t he
person skil | e@ittdiohh&efrifugaiioah £§¥&aﬁon drid tcoatdn@tios Nt CedtiiRhiie, and

evaporati on and concentratton. ntrifugation and filtration are preferred.
The sol i d obt &itrationcae prefemadhekhef solidhebtaimed exapl gy edsiseds furthige or dimpdeyedy, as

obt ai ned.. For .ap i nproyved ease. 0 ndl i ng of the catal yst —optain this
can be dri ed. ﬁﬂg'lef Erﬁﬁt&nasfﬁ tawg{l'e?%ﬁe 4 %'088% §P§f’s?£%a¥(aﬂgh8f tthec&ﬁgl?'fti oni ng
of the catal ygh@inZY 1€ ah Rd¥ABL.adks id ndwaORA! ﬁét%gagsoﬁma%stsq%ﬁhev ng
and thermal treatnent as well as treatnent with reactive atnospheres or

e.g. water vapenditiaring) ofhthe agatalydts immgyr beiafgadvastagat allhisi conglitegnang ices .beA
thermal 10 pretreatnenf .in oxi di zi ng .at nposphere at tenperatures of
between 300 CEARGDENY Beraireircr Wohat BERAIE! S oot SEOREES or
follovned by aeghqpkdvapsmdih ©E ash N inlplowRg Rd BataRBE propertI®S  BE thermal
advant ageous for the catalyst which is to be enployed industrially to be

pretreatldd wi ptetmatmeattin e gadizinguaginosghees gt tdrperathned rafcatwoers 30COComdwi t h
m Xtures of t ses ntjoned. Vi.a such a.15 pretreatnhent he t al
Commounds. pr e 00038 ralEied SARE candifloRiE tan 5 ryatadsh <6 fawed by Hibihe

nor phol ogy of affygy Hﬁ‘l'gyslﬁ cefthiHChils Gt £AY b@%d{/ﬁftigéﬁwﬁﬂ-thér BRalkf Which is® Of
the catal yst, a reductive pretreatnent or entire or partial cConversion of

t he cat al yti chtlemployadvindustiistinricds pretreatef evitlorar mepioved gagyy ieh isdeg. Hpe
preferred.

2Eglydroca.rbons, CO or with mixtures of the gases mentioned. Via such a
15 pretreatment, the metal compounds present can be modified in their oxidation state,

or the morphology of the catalyst structure can be influenced.

The direct use of the catalyst, a reductive pretreatment or entire or partial conversion
of the catalytically active substances into the corresponding carbides are preferred.
20
) The process according to the invention can be carried out in various types of reactor.
Examples which may be mentioned here are fixed bed reactors, tube reactors, rotary
tube reactors, migrating bed reactors, reactors with a bubble-forming, turbulent or
jet-type fluidized bed, called internally or externally circulating fluidized beds. It is
25 also possible to introduce the catalyst into a reactor which, for example, falls under
the abovementioned classes and is filled with particles. These particles can be inert
particles and/or can entirely or partly comprise a further catalytically active material.
These particles can also be agglomerates of carbon nanotubes. The process can be
carried out, for example, continuously or discontinuously, continuously or
30 discontinuously relating both to the catalyst feed and to the removal of the carbon

nanotubes formed together with the spent catalyst.



- The process accor ding to the invention can be carried out in various types
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t ube reactors tube reactors, mgrating bed react of & rswith
" a bubbl e- fornlng, turbulent or jet-type fluidized bed, called internally or
externally circulating fluidized beds. It is 25 also p055|ble to introduce
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15
The carbon-releasing educt can be fed in gaseous form, or vaporized in the reaction
chamber or a suitable preceding apparatus. Hydrogen or an inert gas, for example
noble gases or nitrogen, can be added to the educt gas. It is possible to carry out the
process according to the invention for the production of carbon nanotubes with the
20 addition of an inert gas or a mixture of several inert gases with and without
) hydrogen in any desired combination. The reaction gas preferably comprises carbon
carrier, hydrogen and optionally an inert component to establish advantageous
reactant partial pressures. The addition of a component which is inert in the reaction

as an internal standard for analysis of the educt gas or product gas or as a detection

25 aid in process monitoring is also conceivable.

The production can be carried out under pressures above and below atmospheric
pressure. The process can be carried out under pressure of from 0.05 bar to 200 bar,
pressures of from 0.1 to 100 bar are preferred, and pressures of from 0.2 to 10 bar
30 are particularly preferred. The temperature can be varied in the temperature range of

from 300 °C to 1,600 °C. However, it must be high enough for the deposition of



process according to the invention for the production of carbon nanotubes

“wth the 20 d%ot"%’ﬁ{}a&; an inert gas or a m xture of seveti,elmgpg sho1f3s €S

with and witho gen in any desired conbination. The reaction gas
preferably conprises carbon carrier, hydrogen and optionally an inert
conponent to establish advantageous reagfant partial pressures. The
addition of a conponent which is inert i1 the reaction as an internal
standard for analysis of the educt gas or product gas or as a detection 25
aid in process nonitoring is also conceivable. The production can be carried
out under preabom by dedowmsitivn th¢ikevplatenwitph eufficienpspesd ané shothénptrloadtss can
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range of from300 Cto 1, wever, it must be high enough for the
deposi ti on oThW\adRaOBEeGE0 dSnRETEP2GNE/ 04 IigpGeen 1R0c4Chend b§OUECoNpdsi ti on

to take place with a sufficient eed and shoul d.not .l ead to a significant
aut opyr @l ysi geWH%EIWEPB@aWB%?}P&WUSﬁﬁ gé%pg‘ﬁégbiprﬁ?F§3mu| d lead to a
hi gh content of anorphous carbon, which is not preferred, in the resulting

material. The advantageous tenperature range is between 500 C and 800 C. A
5 deconposi t iTha catahysecan be dradght nimm thé PeaCtivw ci&ObaE hatchywied er centinibhgly.

catal yst can_pe brqught ipto the reacjio h er .bat chwi se. or contjnuously.
The catal yst T_?‘Sncaﬁagysge%ﬂﬁ’c ﬁ,reé‘éceﬂeé_ﬁr eﬁgﬁ’egbgf" % IP‘i’i?‘f‘H&BEtlinEPn_ﬂi‘%af)mf‘ﬁe
actual reactlafofRaTRBEr, Prad@dfi8d dnNoBBicomtdl 6f Rl dRify LhalyEhEY la¥tive
catalytically active 10 netals or even in the formof the precipitated
hy)jr oxildes ometas boeramas thefoem od theqresipitmedingloxdedorcmcbdnateshi s way can

usually, if the application allows, be enployed w thout prior working up
because of the | ow catalyst content in the end product. The materials can

optional I'y berhgléﬁxibfoh%q%otﬁb&:péga’uc‘éﬁ‘?%f'}lﬁtéhaﬂkéﬁﬁu\ﬁlj?ﬂf Pfeaér?gﬁl%%ﬁmra‘ﬁ%k@uﬁé of

catal yst and support y oxidation e contents o ous carbon
whi ch are foremptbyied withont pnat woding mp decausbwf dhd losr natblysff tcerterttivdliaremt i n an

be-funct i onaPrebil Ercieiekelsyah DROGRILDe@uE ot b By ATRmIHD LvO B g | nt o
a matrips or tO;ANIRYF chfdfyst and support, by oxidation of the contents of amorphous carbon
which are formed in very small amounts or by a thermal after-treatment in an inert
or reactive gas. It is possible for the carbon nanotubes produced to be functionalized
chemically, in order e.g. to obtain improved bonding into a matrix or to adapt the
surface properties to the desired use in a targeted manner.
20
) The carbon nanotubes produced according to the invention are suitable for use as
additives in polymers, in particular for mechanical reinforcing and to increase the
electrical conductivity. The carbon nanotubes produced can furthermore be
employed as a material for gas and energy storage, for dyeing and as flameproofing
25 agents. Because of the good electrical conductivity, the carbon nanotubes produced
according to the invention can be employed as electrode material or for the
production of strip conductors and conductive structures. It is also possible to
employ the carbon nanotubes produced according to the invention as emitters in
displays. Preferably, the carbon nanotubes are employed in polymer composite
30 materials, ceramic or metal composite materials for improving the electrical or

thermal conductivity and mechanical properties, for the production of conductive



. surface properties to the desired use in a targeted manner. 20 The carbon
_.hanotubes produced according to the invention are suitable for use as
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increase the electrical conductivity. The carbon nanotubes produced can
furthernore be enployed as a material for gas and energy storage, for

dyei ng and as flanmeproofing 25 agents. Bekdause of the good el ectrical
conductivity, the carbon nanotubes produced according to the invention can
be enpl oyed as el ectrode material or for the production of strip conductors
and conductiv r £ 0 SSi t. Y, r
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Preparation of the catalysts with different stoichionetry, solvent,
precipitating agent, tenperature




5 The catal ysts were preferably prepared by a joint precipitation. Catalyst
1 (MCNOO62_ 2 Mo _39A1): Three solutions were pre 59¢g
_ (NH4)6Nb70243‘%Z§&g'%PJr?550 M deioni zed water, 17.8 g Co( Ng%;’;gl'%’&é@&%o in
50 m deionized water and 15.4 g Mi(N03)2 4H20 in 50 m deioni zed water.
The sol utions were conbined at roomtenperature and stirred for 5 mn. The
non- cl oudy m xture obtai ned was conbi né 4% th a solution of 50.0 g Al (N33) 3
- 91120 in 35 mM water and stirred. C ouding was dissolved by dropw se
addition of dilute HNO3. The solution obtained in this way is subsequently
cal | ed sol utiExaniplefaddprdigutbitheinvehtienl sol ution B in the foll owi ng was
prepared by stirring 70.0 g (NH4)2CO3 into 225 m deionized water. The two
solutions A and B were added dropwi se at roomtenperature, with intensive
stirring, int | .0 - fd. i i f 200
i dei oni zed sanpit 1 RZAFRI of e cRILATRIL difttfont AIeRoRRER, KBlent
(approx. 20 nprecipitatingtagentyterhperatm@s subsequently stirred 20 for a further
5 mn and the solid obtained was filtered off. The solid was tw ce
suspended in water and dispersed by stirring for 5 min and filtered off. The
filter cake i i hneal rs ubsequent |y cal ci ned
at 400 Cin a’?&?@ca?%?&%wﬁf’e%ﬁf%%ﬁ%%b %I%?g?]%ﬂr)llgt ﬁfﬁl'pg@gorgf a black solid were
obtai ned. The theoretical ratio of the active netals enployed, based on the
support material = 23;7:11;

i 25 Mh: Co: Mo: Al 203 9. t al t 2
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non- cl oudy njixture obtained s .conbined wwth a solutio f 50.0 g Al (N33)3
"9HR0 i n VIO 2BeRSIRRSI e EPRIbISE B HR0m Jeperaireandstiryesh foF SARG: sloliwr P, The

sol uti on obt aj i [ i i S ; i Agrfosigl ution
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(NH4) 2C33 i nt 35 2ZSwarkr dad etitred d Cladding whb alit¢sotved dyuliopwsseladaiitibrBofvdilete

HNO;. The solution obtained in this way is subsequently called solution A. A

15 solution called solution B in the following was prepared by stirring 70.0 g
(NH,),CO; into 225 ml deionized water. The two solutions A and B were added
dropwise at room temperature, with intensive stirring, into a multi-necked round-
bottomed flask with a reservoir of 200 ml deionized water, the pH being kept at pH
= 7. After the metering (approx. 20 minutes), the mixture was subsequently stirred

20 for a further 5 min and the solid obtained was filtered off. The solid was twice

) suspended in water and dispersed by stirring for 5 min and filtered off. The filter
cake was dried over night at 180 °C in air and subsequently calcined at 400 °C in air
for 4 h. After the calcining, 14.9 g of a black solid were obtained. The theoretical
ratio of the active metals employed, based on the support material, is

25 Mn:Co:Mo:ALO; =23:7:11:39.

Catalyst 2 (MCN0071_20Mn_21Co_20Mo_39Al): Three solutions were prepared
from 6.8 g (NH4)6M0704 - 4H,0 in 50 ml deionized water, 19.8 g Co(NO3), - 6H,0
in 50 ml deionized water and 16.8 g Mn(NQOs), - 4H,0 in 50 ml deionized water.
30 The solutions were combined at room temperature and stirred for 5 min. The non-

cloudy mixture obtained was combined with a solution of 50.0 g AI(NOs); - 9H,0 in



‘added ‘dr opwi sewa} 2008 5E)5§‘153«3rr1)er ature, with intensive stirringpcri#rodo11925
mul ti -necked 5 round-bottomed flask with a reservoir of 200 m dei oni zed

wat er, the pH being kept at pH = 7. After the netering (approx. 20

m nutes), the m xture was subsequently stiydred for a further 5 mn and the

solid obtained was filtered off. The solid was tw ce suspended in water and
di spersed by stirring for 5 mn and filtered off. The filter cake was dried
over night at 180 Cin air and subsequently calcined at 400 C 10 in ajr for

4 h. After the3zankwatengnd strred. o The salugpn oktainsdi g thisreay by sibseqpentty galled

theoretical ratj0.of ,th jve : | ov.ed, : g
material, is R}ﬁl}l@f? I@b: %15%%109 cfgg ‘ﬁlgéﬁmglg% %at? glf‘&@@gg wib ﬁx@ﬁaré&’ %9%51‘”%
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(NH4) 6Mb7024 e 4H20 in 50 m deionized water, 34.5 g Co(N03)2 6H20 in 50

m dei oni zed waddad dregwsse2atgopm oPemturgHpith mirasiye|stitiiegdnier anelgmscked  at

roomtenperature tirr f 5.m.n.. - 1 e i was
conbi ned w ¢ SuRMRBIR s rRhonieby 200 BB Rl M et Bege:
stirred. The gppMt+ on Lfdrahe afbtdringt (BpSroNed0 hiimEed)sHEusixtirg vl subgeqaentlit i on
A. A solution called 20 solution Bin the follow ng was prepared by stirring

70.0 g (NH4) 2csErrechfar @ Anther 5 min and thegsohdtabtainethwas fidtezas) otfi ofe Wlighwasy

wer e added dropw se at room tenperature ith intensive stirring, of a

t hr ee- necked fl Esb\f‘pteﬁd% Pe¥d gg?&r %gPers%g@ rsr‘ﬁm}?é‘grmgz%lg’ V\gt{ggt%r_egﬁ’g mﬁ Dei ng
kept at pH = 7£1t8f tfe woredrd@icvet Aigh{ &PIBOCKE in aﬁoaxﬂlsiw;id(?&}:mtl}t bAciRE& U400 @S
subsequently stirred for a further 5 mn and the solid 25 obtained was
filtpred 6Ff. Theirshridhwedfiendheecalainipandtd 8 af achleck solidl wiespebwingdpyThe

i i i fil d off. f il k dri i
180 C 19 o v P RRE oL B ethe meldlS chinhdsh SRS AP SLlRO Ml '

cal cini ng, 16. 31@CefMoAlDacR3 galli:3h. wer e obt ai ned. The theoretical ratio of
the active netals enployed, based on the support material, is
Vh: Co: Mo: A1203 = 5:45:11:39. 30 WD 2006/ 050903 PCT/ EP2005/ 011925 -16

Catal yst 4 ( 0.3 I ; r [o] .0 re prepar
from2.5 g (Wﬁgﬁg’%g%’?@@ﬁ%ﬁ%@—%@ﬁ?&zﬁ meg r %?lfvi\'%é r{: rﬁ%‘}%gd 6H20
15 from 2.5 g (NH4)sM0o70,4 - 4H,0 in 50 ml deionized water, 34.5 g Co(NO3), - 6H,0
in 50 ml deionized water and 3.2 g Mn(NOs), - 4H,0. The solutions were combined

at room temperature and stirred for 5 min. The non-cloudy mixture obtained was
combined with a solution of 50.0 g AI(NOs); - 9H,0 in 35 ml water and stirred. The
solution obtained in this way is subsequently called solution A. A solution called
20 solution B in the following was prepared by stirring 70.0 g (NH4),COs into 225 ml
) deionized water. The two solutions A and B were added dropwise at room
temperature, with intensive stirring, into a three-necked flask with a reservoir of
200 ml deionized water, the pH being kept at pH = 7. After the metering (approx.
20 minutes), the mixture was subsequently stirred for a further 5 min and the solid
25 obtained was filtered off. The solid was twice suspended in water and dispersed by
stirring for 5 min and filtered off. The filter cake was dried over night at 180 °C in
air and subsequently calcined at 400 °C in air for 4 h. After the calcining, 16.8 g of
a black solid were obtained. The theoretical ratio of the active metals employed,
based on the support material, is Mn:Co:Mo:Al,Oz = 5:45:11:39.
30



in 100' M dei oRy@8GhenRéses and 24 g Mi(N03)2 4H20 in 10 nl deiwReweshiasdser .
The sol utions were conbined at roomtenperature and stirred for 5 mn. The

non 5 cloudy m xture obtained was conbined with a solution of 50.0 g

A (N®B)3 9H20 in 35 m water and stirredjgThe solution obtained in this
way i s subsequently called solution A A sol ution called solution Bin the
follow ng was prepared by stirring 70.0 g (NH4)2COB into 225 nl dei oni zed

wat er. The two sol utions dropwi se at rqomtenperatu
with intensive Gitalyst 64M¢H9%7%,3§Mlb459@gk1é&°_ﬁ?41} ‘abieRSeIHtgNT %@&rﬂf&?*’rff’%f
200 m deioniz be| t te
(approx. 20 mﬁﬁj?%\?) ét xtu ﬁngzg(gﬁ%%gﬁqgg@{lzggsﬁ%rrf Zggf dT?urctt)IE er

m n and the solmcloohhhdﬂeﬁzwmvaierlmdrﬁdg(M]ﬁ(NO}I)ﬁ 4H,O dnvidsml viemmzsdsmaded
in water and dispersed by stiryij n% for 5 mn and fi Itergo{l_ of f. filter
cake was dr| ed Thesolutigngtere combmedat 1pog) Fenm%ﬁt%rat?élécfaérﬁ IO é&rlei Izﬂn 400

Cinair f f Epgﬂ |
obt ai ned. he t‘JT: d&%‘%@g%%r |0Q€45%toﬁig ac ?‘%/%‘%%tg gfiging?’ ggb base on t he
support materi &5 mi Sva”t&”r 4od: dtiredl 2R solutidim dddaihdd %thlmyllysﬁbéquently called

(MCNOO74_29Wn_3Co_39A1): Two sol utions were pr epar ed from 20 29.5 g%
Co(NO3) 2 61420 ﬁOHJTm% Adé?lém?&éﬂl%‘w}iw&r% irp they folfowinenyas prepared Xy §tiringo
dei oni zed wat ery 'Eltrtﬁ? e

stirred for 5 mOnJE bfon c %gg%l%{t}?ﬁeﬂgq?%%rne %&@g@%%ﬁé an%n% Ve

sol ution of Shdded dovNEBRD rocﬁﬁ4€1ﬁpérﬁtu8é§ \nﬂth\mmﬁv@mg; imed tHﬂSB%‘-naxkledtl on
obtained in this ¥h IS subse uently called solutig A sol ut.i on cal |l ed

sol upi on Bin tirskpgth dusseryors \2199 g dgjonized "‘ﬁ‘}erslhierpﬂ P@HQSCIU a8 PHNFA
into 225 m deigniged: hﬁﬁro Tﬂ)em n‘i‘(‘?es% S04 i RRSw 4 sﬁﬂ&qﬁﬁﬁl@ Sirf46Ha ;ﬂ][rg%‘ﬁ‘

at roomterrpera ure, W ensi've stirring In necked

W th a reservoi§ niif aaacthakolﬁuabbﬂaimedna@aﬁberred roﬂe Pht belidgvas kejde suspgitded id. 5.
After the netering (approx. 20 m nutes) xture was subseguently.
stirred for a furtenad dspRmseddhistirias dosi g @%mdaﬁlfs@ad\%% The filigregkemas drisd 30

solid was tw ce § m nd

filtered off. SLORRrAEr T HPEERbCLEREy SRR ofh0d i Mt Br P Tk

subsequent$y caheicakthivf) RO G/ 659 B3k ROTid B2 05tkitedl9 2Bhe thkéretical ratio of the
active metals employed, based on the support material, is Mn:Co:Mo:ALL,O3; =

35:15:11:39.

Catalyst 5 (MCNO0074_29Mn_3Co_39Al): Two solutions were prepared from

20 29.5 g Co(NO3); - 6H,0 in 50 ml deionized water and 25.1 g Mn(NO3), - 4H,0 in
) 50 ml deionized water. The solutions were combined at room temperature and
stirred for 5 min. The non-cloudy mixture obtained was combined with a solution of

50.0 g AI(NOs); - 9H,0 in 35 ml water and stirred. The solution obtained in this

way is subsequently called solution A. A solution called solution B in the following

25 was prepared by stirring 70.0 g (NH,),COs into 225 ml deionized water. The two
solutions A and B were added dropwise at room temperature, with intensive stirring,

into a three-necked flask with a reservoir of 200 ml deionized water, the pH being

kept at pH = 7.5. After the metering (approx. 20 minutes), the mixture was
subsequently stirred for a further S min and the solid obtained was filtered off. The

30 solid was twice suspended in water and dispersed by stirring for 5 min and filtered

off. The filter cake was dried over night at 180 °C in air and subsequently calcined



at 400 C in ai nydhkoshsgeos After the calcining, 21.8 g of a blmaEmobsaisr e
obtained. The theoretical ratio of the active netals enpl oyed, based on the
support material, is M:Co:Al 203 = 29:32:39. 5 Catal yst 6
(MCNOO72_23NWn_27Co_11Mo_39My): Three sol utipns were prepared from2.5 g
(NH4) 6MO7Q24 . 4H20 in 50 m deionized water, 17.8 g Co(N03)2 6H20 in 100
m deioni zed water and 15.4 g Mn(N03)2 - 4H20 in 50 m deionized water. The

sol utions were conbined at_room rature and stirr or .5 mn.,The non-
cl oudy mixture %B@faé@amgr gg‘nﬁ%‘ﬁg&ﬁwcﬁlﬁmén%gﬁtﬁ g8h aggacjflstoé‘gd”%(oweg'
6H20 10 in 35 . St el : i ' ' i is
subsequently cgqe\gﬁéﬁéstb(%gﬁt%ndfg @%‘tlg%?ﬁtflgkﬁi g’?’lg%’g&ggc} %ﬁlgnﬁ%ﬁ%ﬁ}taﬁw’ i
foll owi ng was MeEa:&HOby 20t32e39.ng 70.0 g (NH4) 2CA3 into 225 m dei oni zed

water. The two solutions A and B were added dropw se at room tenperature,
with intensive stirring, into a three-necked flask with a reservoir of 200

m dei oni zed Wﬁé}sy)swmmb”ﬂsmpﬁmé 11Mo 369@? trﬁfeeﬂségﬁilaﬁs W%Peeﬁlje{)‘ﬁg? .

(approx. 20 m nut the m xture was subsequen stirred for a fur
m n and the solfian Gt a(NEHMagO, i UHeOdnl 50l deldngzedobater, WAS g Go@NOHusfdrided

in water and dispersed by stirring for 5 m nd filter ff. The filter
cake was dried md%ﬁﬂ‘n&@?ﬂﬂ%ﬁ W?Ltﬁt)a-‘%l i1§4a§ M“éﬂ@%um%ﬁd?ﬁéﬁ}oﬂ% dva{er- 400
Cinair for 4 LA I ko -wer .

obt ai ned. The t]ﬂlgogﬁiel%tﬁéglée?g%@g&ow? ﬂgyogg%e?n\}%r%re?%? asﬁgll&elsrf% '(5)3;161%3(13 '@aesnecﬁl on

t he support matoddsudyl mixtere dbtaigedMoasMpbingBwitll :alsbliBidn ofSHM g MadNO1)g: €éHgat r on

m cr oscope) phot ographs of the catal yst prepared were produced after_ drying
and af terl@al cilﬂi3gdnf8?t61231ﬁ1 %{{rreg;:)d[%@,soiqt@p anéedtlgr{%@rvg%m,sgub%ﬂpgﬁfy called
corresponds to : reacty : t . 3 neckiitat ed
25 product i doNeReRarsSsHSTERLA Wiffion T3 BSfihvinielal PepdRg Royfting

heat treatment 70(0-gdNH),EMxnidtod}25 mhelemnized ofatéheThpbvwes sclatiops AnandyB were
crystallites has increased in the nanonetre range, but.the aggl oner

structure remidfded GHPIYiSHRE IORTRHSPPLRUTE, (NGB Y8 RTBECIN IR gMFoc- a_ &
nater and 16, 4 DeRRTRGSISE sl 208 i ghnfRy MR e b b kol A bE T ARE
were conbified ahe neeringdapeoatdirminatd), 12 206re0330BsdquentERR R/ 014 Gther - 18
5 min and the solid obtained was filtered off. The solid was twice suspended in
water and dispersed by stirring for 5 min and filtered off. The filter cake was dried
over night at 180 °C in air and subsequently calcined at 400 °C in air for 4 h. After
the calcining, 7.9 g of a black solid were obtained. The theoretical ratio of the active

20 metals employed, based on the support material, is Mn:Co:Mo:MgO = 23:27:11:39.

SEM (scanning electron microscope) photographs of the catalyst prepared were
produced after drying and after calcining for 2 h at 650 °C, i.e. at a temperature
which corresponds to the reaction temperature. These show that the coprecipitated
25 product is agglomerates of spherical crystals (Figure 1 and 2). After heat treatment
(Figure 3 and 4), the size of the spherical primary crystallites has increased in the

nanometre range, but the agglomerate structure remains comparable.

Catalyst 7 (MCNO0076_28Mn_33Co_39Mg): Two solutions were prepared from
30 21.8 g Co(NOs3), ' 6H,0 1n 50 ml deionized water and 18.4 g Mn(NO;), - 4H,0 in

50 ml deionized water. The solutions were combined at room temperature and



stirred for 5 M®m2006l0680900N- cl oudy m xture obtai ned was conbiRGEERIOEIN12925
solution of 41.0 g Mg(N03)2 - 6H20 in 35 mM water and stirred. The sol ution
obtained in this way is subsequently called solution A A solution called
solution Bin the followng was prepared-bg-stirring 70.0 g (NH4)2CO3 into
225 m deionized water. The two 5 solutions A and B were added dropw se at
roomtenperature, with intensive stirring, into a three-necked flask with a

reservoir of Zggngézg&ﬁ rﬁflﬂ @%H@%&&udfrﬁﬁhﬂ’é‘o@&ﬁﬁ& el%eotaﬁnb"i‘ﬁﬁdp&bﬁtﬁaZoluﬁ*B% 8f the

metering (appr e m'xture was subsequently stirre or a
further 5 mn and §Mg®@D,)d HIGIN8S mlagatés dddesterbdofThe sihatiorsabthitiedvars tiisv ce
suspended in water. and dispersed by stirring for 5 mn and filter 1Q off.
The filter caka&vayds sehseaeenglysalled gﬁlﬂtw&tAm‘oS@w galled aﬁ&u%@s@dh%%wmg
calcined at 4 i i Lo, for. f y : Kk
solid were obt g’?arﬁgﬁ%%éytsﬁ{gg%eﬁ'%gl@ggﬁﬁc@o@?dt %%ﬁg@?%eyégzﬁét‘gﬁtg e?}hp%gfl(gd,
based on the supldivhs Aaind/B tere ddded Mup&ase\l @oem 2énpaatite, with Radnaivy stirrkhg,
(MCNOO79_28Wn_33Co_39Mpy) : . Twn sol utions were prepared from 21.8 g. Co(NGB)2
6H20 in 50 m dePpchihresdnssked flaghwithe resgvam ok@8Y ml depripgd,watsp the DHePIRE zed
wat er. The sol yt] re ~conpj a I i f 5
m n. The non-cﬁ%héée?r%\fftur?g g%?g&?%gdhve\gs o@ ned%vytrﬁng{%g)éltggi%%ﬁ%fe Qﬁi 0g

My(NO3) 2 6H20 subsedberitly stiiedrfons furtier Srah. andltke sslidibbtained biaaifideckd off.t The 20
way i s subsequently called solution A A solution called solution B.in the
fol l owing was Sphe s dwiassushended Hywatst end) dnessed hy stiog for SdeinoMdlergat er .
The {wo | uti @ps . i al . t 1

"t ehs;velbt | r ittt AP AL BRESIERIMYIRONE Y AACIBELRE Feaflishd,

dei oni zed wat erat 400eC il aliefong h. kK&fikr the caldiring, 0.0.47f lof fa Bliuk subidewérs @blaauga 0X.
20 mnutes), the mxture was 25 subsequently stirred for a further 5 mn and
the solid obt ailhedhepastiqal ratieoreidhe aqtivempetals sipiqyedhased\pr thesipperh arateriah i§at er

and di spersed LA Qk.23 mMn and filtered off. The filter cake was
dried over ni g%g&,%g%zléggg?f and subsequently calcined at 400 Cin air

for 4 h. After the calcining, 16.8 g of a black solid were obtained. The

theoretical ratio of the active netals enployed, based. on the support
material,3s JertRlysts: %QNQOQ%;@MQ@*R@ M8y S500eIutSt) RS orsPoed dom

21.8 g Co(NOs), - 6H,O in 50 ml deionized water and 18.4 g Mn(NO3), - 4H,0 in

50 ml deionized water. The solutions were combined at room temperature and

stirred for 5 min. The non-cloudy mixture obtained was combined with a solution of

41.0 g Mg(NO3), - 6H;0 in 35 ml water and stirred. The solution obtained in this

20 way is subsequently called solution A. A solution called solution B in the following
) was prepared by stirring 20.0 g NaOH into 200 ml deionized water. The two
solutions A and B were added dropwise at room temperature, with intensive stirring,

into a three-necked flask with a reservoir of 200 ml deionized water, the pH being

kept at pH = 10. After the metering (approx. 20 minutes), the mixture was

25 subsequently stirred for a further 5 min and the solid obtained was filtered off. The
solid was twice suspended in water and dispersed by stirring for 5 min and filtered

off. The filter cake was dried over night at 180 °C in air and subsequently calcined

at 400 °C in air for 4 h. After the calcining, 16.8 g of a black solid were obtained.

The theoretical ratio of the active metals employed, based on the support material, is

30 Mn:Co:MgO = 28:33:39.



-19 Exanpl e 2: v o06regoses car bon nanot ubes, fixed bed, | aborFGTHEB200H 1925
catal ysts were tested in a fixed bed apparatus on the |aboratory scal e. For
this, a defined amount of catalyst was initially introduced into a quartz
tube having an 5 internal dianeter of 9 ni9and heated externally by a heat
transfer nmedium The tenperature of the heaps of solid was regulated via a
PR) regulation of the electrically heated heat transfer nedium The

n ¢ )
ot orm ned by AXAARR X ARaPbohandilfes By po, ARG, 1 11T e NG,

gases and inert di lution gases were passed into the 10 reactor via

electronically controlled mass fI ow re ul ators. The cat al {St sanples. . were
first heated i nihg catalysinyere tepjes edrhgdjapparatug o8 thefakerafory seads | Ferghis, a

tenperature wa N of
the educt gas%r%?x%?%%muﬁgsggfﬁgﬁg ﬁggi\?@}ﬁ?}%&éﬁgﬁi?ﬁ at g@% be %VE gl\?v was
adjusted 30 1liferfaNdiamecterfog @i gindthehfed exednadllysby wileht trhmfaduedlugas Fhe Was

carried out for a 15 period of 100-120 mnutes, as a rule up to conplete
deact i vati on oftemperatise ifythe heappafesglide was t16gulaieduvie @fPIParrWtwpe&tb@d

was determ ned ?tlfj]e?l

deposi ted was cfl? %/éer{\ér?ﬁhlgmg th%ﬁ%ﬁegfgl; H& EWSEWE%%%CQ%% é’éaet%ltﬁl eﬁgrgrglﬁnt
of carbon deposhé edtalysepsdtbe hheweakad deiermiasp Ibgyaemermabéxqﬂe teheloyddeird ah n
the foll ow ng, was deflned on the basis of the weight 20 of catalyst after

cal ci n| ng (neatingy} aaadz caalianyer Bdud gaﬁpwdgmﬁadllwntme% WEER P%ﬁﬁe matetthe

ncat eld /
i nventi on\ﬁare ra?cftlcﬁegl%faﬁélgﬁpoﬁc %' J&%né can be e}g rghaﬂl ?aﬁlgased
on M- Co- M congreufids hdeled viar aastﬂ%@hoﬁllﬁfﬂfbgeﬂ&uﬂ enefte gas. Fi Wﬂlﬂéﬂ theStE‘dired

phot ograph of catalyst 6, MCNOO72 Figure 2 SEM p hotogragh of catalyst 6,
MONOO72 30 Fi demBerstustas reached: 4he e@*ctcga% Way switghed\emnodho valumsg raélamf the ng

for 2 h at 650 e(c}uy&ag%ﬁ{lﬁg Q%Q@thgﬁg[ﬁE%O;oﬂ :80-594%e totaPvolume flow was adjusted

to 110 mly'min”. Charging of the catalyst with the educt gases was carried out for a

15 period of 100-120 minutes, as a rule up to complete deactivation of the catalyst.
Thereafter, the amount of carbon deposited was determined by weighing. The
structure and morphology of the carbon deposited was determined with the aid of
SEM and TEM analyses. The amount of carbon deposited, based on the catalyst
employed, called the yield in the following, was defined on the basis of the weight

20 of catalyst after calcining (m,0) and the increase in weight after the reaction (myg-

> Mearo): Yield = (MioarMea0)/Mearro. Examples which illustrate the invention are
given in the following. It can be seen that catalysts based on Mn-Co-Mo

compounds deliver a high yield.

25 Figures:

Figure 1 SEM photograph of catalyst 6, MCN0072

Figure 2 SEM photograph of catalyst 6, MCN0072
30

Figure 3 SEM photograph of catalyst 6, MCNO0O072 after calcining for 2 h at 650 °C
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Figure 4 SEM photograph of catalyst 6, MCN0072 after calcining for 2 h at 650 °C
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-23 Exanpl e 3: vonpewdsewd exanpl es of preparation of the catRET/EP200%013APIFst 9
( MCNOO63_52Co_9Mb_39AI): Two sol utions were prepared from2.5 g

(NH4) 6Mb7024 41120 in 50 m deionized water and 36 g Co(N03)2 61120 in 50
m 5 deionized water. The sol uti ons were-@3nrbi ned at room tenperature and
stirred for 5 mn. The non-cloudy m xture obtained was conbined with a
solution of 50.0 g AI(NG3)3 9H20 in 35 mM water and stirred. d ouding was

di ssol ved by drippw . it i h 1t EH;%Z ih% Uehy obt ained in
this way is subsequ@%ﬁl'Sﬁ’gﬁaﬁrg%n%g%ﬁgth#oogp . goFutf?]gén ca‘??ted solution B in
the follow ng was prepared by stirring 10 70.0 g (NH4)2CO3 into 225 i

dei oni zed water. The t sol utions A dded dropw se a 0

WO and. B were % r
tenperature, wi¢aaiyst @AMGN00E3 52Ca PMp 39ALY Tie polutiensuere Prensresl B ohgd

flaskwithare(?ﬁ[ ' f, 3 j1 Qi londt gtaggi OsM&Din s@InPH =
6. After the nme er#‘%&(déﬁ)pggg?%g@?nh%{o%? tttégar%dgtgt?r‘g sﬂgu%s%ﬁq)unent fny
stirred fof a fdeidiized water.nThecoltitiensswére donibireidree doova serhipéraere and ftirredTfoe
solid was 15 tw ce syuspended in water and dj spersed. by stirri for in
and filtered of f.mﬁrhﬁefqorlt Qu a‘EB‘t%ﬁ§%6°r”i“‘éde6§/8?mﬁi“§¥tW1§’tafggl%énioﬁ 5§r¢n8and
subsequent |y caj g . | b arfdQdtirfed N i85 wRe&elvel W&e3 0
of a black soli R}\X/g’r%g Ag%lgzg?ﬁleﬁ rIi‘Il'hr'lweafil’!:r'[ ggsﬁlg'-t%idcacfl&?%tﬁ%o agﬁhfsﬁia act’i Vgp mgesteal S
enpl oyed, basedadditidnhef dilygp GINOaThe salution sbtaftied Myt 23 s shBseguasly &dled

Catal yst 10 ( 064 40Fe_ 20Co40Al ). Twp solutiong were prepared fromd40 g
Fe(N03)3 91120°%WiolpAn A gelulan £ ‘étkonaﬁdn {he Bﬁlewcrmm Proppiesigby SEHE |
dei oni zed ter e K W O c&q@ﬁ r : e .rred
for m rllgvaThemh((})_%-%ﬁ%az yd)3mﬂl>§? ggge?%lbt al niebgdwmggr'cggrg?‘&ggg %Ihte hyg gﬁlgt‘?%ﬂﬁ of
50.0 g 25 Al ( NCR)ddd d¥dpwiSe iah r@dm nempeattire, amih shtensied stil@ngy ditop wadti-decked! ved

Subsequent Iy caopatoougRet Flsk Wit A esruRt ehuinl eosard gt be ek bans Rept °
oL Lo 18, Ve PRSRECES M (o APRLEETR W2ty
with intensive dirtedrfong, furthen5 anihhandethe ok dbGihell] wask filtered off. r #hersobd rwasf
200 m deil? ni Zet%vigéatsfsli)én(se em%tgre;.n%gdil;pee%ed%}y ﬁy'm?g or ﬁA ];r}ir? I’and filtered off. The
filter cake was dried over night at 180 °C in air and subsequently calcined at 400 °C
in air for 4 h. After the calcining, 12.3 g of a black solid were obtained. The
theoretical ratio of the active metals employed, based on the support material, is
Co:Mo:Al,O3 =52:9:39.
20
) Catalyst 10 (MCNO0064_40Fe_20C040Al): Two solutions were prepared from 40 g
Fe(NO3); - 9H,0 in 40 ml deionized water and 13 g Co(NOs), - 6H;0 in 40 ml
deionized water. The solutions were combined at room temperature and stirred for 5
min. The non-cloudy mixture obtained was combined with a solution of 50.0 g
25 AI(NO3); - 9H;0 in 35 ml water and stirred. Clouding was dissolved by dropwise
addition of dilute HNO;. The solution obtained in this way is subsequently called
solution A. A solution called solution B in the following was prepared by stirring
70.0 g (NH4),COs3 into 225 ml deionized water. The two solutions A and B were
added dropwise at room temperature, with intensive stirring, into a three-necked

30 flask with a reservoir of 200 ml deionized water, the pH being kept at pH = 6. After
the metering (approx. 20 minutes), the mixture was subsequently stirred for a further



‘4t‘he metering ( m nutes), the mxture was subsequedpeSbddidigsisf or
3087 Bigesy Tt g

a further WO 2 PCT/ EP2005/ 011925 -24 5 mn and the solid obtained
was filtered off. The solid was tw ce suspended in water and dispersed by
stirring for 5 mn and filtered off. The fijter cake was dried over night
at 180 Cin air and subsequently calcined at 400 Cin air for 4 h. After
the calcining, 16.8 g of a black solid were obtained. The theoretical ratio

of the 5 active netals enpl oyed, based on the support material, is

Fe: Co: A1203 = 4omppandthe spdidzobjained was Nitteowizeff1 SFke smlid was Awicksrependadmn g

Pural MG/70 from Sasol, .were.suspended i.n .1, 500 dej.oni.z .1 he
suspensi on was ¢ ?rr@gdhszﬂers?% ¢ SUHgEe %rﬁrgwqanglﬁlg%ggggtfgﬁlgggﬂ?e%%gggpaﬂéy
adj ust ed to pHg9erniBMt ABB0SCTH alrNid)stbeqhéhtBotdidih@at A000CSH it foprash. WAfier
prepared from7.3 g (NH4) 6Mo7Q24 4H20 in 40 ml deioni zed water and 94 g
Fe(NOB)3 9H20 thecalgming, 168i o oif 2cklaciasalid wWergeokiaingd orhs theeretica oigbie vé dhart
roomtenperat ure,.and irred for 5.m and then sl o .cad _d M se to
t he Pural ei us pélﬁg‘(eorrq? a&uerni‘ﬂ%y%f’%sﬁd fh 3“%%1}98?‘3 “ﬁ%?nall’al\é\}?gt%'g\%gﬁH ‘{:(ng\%@
Metering was carried out over a period of 2 h and the m xture was
subsequently 15 stirred for a further 1 h. The suspension obtained in this

way is subsequdfathlysebl (MENCHI8 piFei dMloaPuraldMIGit0) oG Presd MGT ¢ fioghS#sol n

the followi ng was prepared hy.stirri.n 00.0 NH4) 2 i.ntaq..1

dei oni zed wat erwer‘asgﬁlsgg?%eﬁ ‘%qm%@ %%éﬂgf?dwétﬁggglnéﬁegﬁgpﬁ@n W&S%IFSEW%QZSQ%r e,
W th intensive f5f 2 hiah@dllowéd & cdol eTREPE W A3hdjulsha to HHOUS By ﬁ@snswt(m?(eos l'y
stirred for a further 5 mn and the solid obtained was 20 filtered off. The

sol i § wasl@ashedlutighc el W%ECHUQQIE were [Nrepaneshirom 48 &t @Hét)d\gplﬁzh odH2048H0 mhe.
The filt k i i t .C.i ir.ar tly.
ThT el ned” at a0 gieliacdinaict a8 SrAngr oHR0 ir 18l it st R Yolobions, ¢,

solid were obtydroeembited dt Rehabmpérhtui & thd stiRéd €6t Dnih hendilealsldwlyeldas@nt s
enployed, is Fe:M = 13:4. 25 Catalyst 12 (MCNO022 40Fe_60Al): A_sol ution

was prepared frdsepwsise ip e Prel Rogresiondpoing ihidothe pil didned falBbelowpdl +8.2250 m
dei oni zed wat e.ng%-‘tlg% E&a%;c%e%nowa&zé & ﬂern%(a &2 hol HeMELAL Y& éu%rseq%eml{;"

Cl oudi ng was di's
15 stirred for a further 1 h. The suspension obtained in this way is subsequently called

suspension A. A solution called solution B in the following was prepared by stirring
400.0 g (NH4),CO3 into 1,200 ml deionized water. Solution B was added to
suspension A at room temperature, with intensive stirring. After the metering, the
mixture was subsequently stirred for a further 5 min and the solid obtained was
20 filtered off. The solid was washed twice with 2.5 1 1 N ammonium acetate solution
) each time. The filter cake was dried over night at 160 °C in air and subsequently
calcined at 400 °C in air for 4 h. After the calcining, 107.9 g of a reddish solid were
obtained. The theoretical ratio, based on the metallic elements employed, is
Fe:Mo =134,
25
Catalyst 12 (MCNO0022_40Fe_60Al): A solution was prepared from 34.4 g
Fe(NOs); - 9H,0 and 99.3 g AI(NO;); - 9H,0 in 350 ml deionized water. The
solution was stirred at room temperature for 5 min. Clouding was dissolved by
dropwise addition of dilute HNO;. The solution obtained in this way is
30 subsequently called solution A. A solution called solution B in the following was

prepared by stirring 63.6 g Na,COs into 600 ml deionized water. The two solutions



dropwi se addi t i W 2006/03D90at e HNOC3. The sol uti on obtai ned i n t CEERYSHHIZ0
subsequently called solution A A solution called solution Bin the
following was prepared by stirring 63.6 g Na2CO3 into 600 m dei oni zed
water. The two sol uti ons WO 2006/ 050903 PCB5SEP2005/011925 -25 A and B were
added dropwi se at roomtenperature, with intensive stirring, into a

mul ti-necked round-bottoned flask with a reservoir of 200 m deioni zed

water, the pH R)‘:aitnﬁgB K&Re a8iedPitonwise r@tﬁr{l%mg%ﬁ%u?&t@irﬂ.? %eﬁs‘gfé) %tg‘ﬁﬁlg 6o

m nutes), the mxture was subsequently stirr or a furt n ana t he
sol i d obt ai ned maBi-fisckéd ramhddiditontzd Thek sath adreseyowasBd mirmieionized wavanf the at

80 C. The filter _cake was dried _over, night at 80 Cin ajr and _sybsequently

cal ci ned at 450 beiediept pbPH5= .0 APIF tyetering émrﬂ@,g%m@uts&), enREwe

solid were obtaj Tedh h i Iﬁnégé]_i i 4 d,
based on the sﬁ%%%%bs?@? ré% gtﬁ&g% g)?ge: @5’8@‘ @B%@%idé{%mﬁ& g}gg :ﬁt ggtdq%g

( MCNO037_5%Fe_ 1ThdsafliAdhs wheltedstwiod mdthswater et §0 éQarBet fitemvaké2vds dried over
(NH4) 6Mo70 24  4H20 in 250 mi deioni zed water and 245 g. Fe(NO3 - 9H2 in
250 m dei oni zedgNadtelV *Cribak gp tspgﬁ@guq,gél,yecag‘émpgﬁ ‘He@oaﬁg Prbé‘ﬁll}'gre%rg‘er‘égﬁfrg‘eand
stirred for 5 mn..at r : cl ] re. i - pas
combi ned wi th s wifing 20EGLRBEEIE  GoaRERD BRSO Bt e
stirred. 15 C omefaisgemyrsyed basetl wadhdsupgon pyatal,ad deidoohl,Of =d40:20:40.HNC3. The

solution obtained in this way is further called solution A A solution
called solution Bin the followng was prepared by stirring 350.0 g

(NH4) 2C03hnt o gﬁ@ fg9ed 3 I S 3
added dr 0[1)9\/i se é &?’%ﬂﬂ nper 69? ZTseqmévimimo—?ﬂflg'n??v\?e%slyfléw&&é ?1%9 gl%gV‘ﬁ&ﬁ
mul ti-necked r ol gl®dERivbeOh) a4, Mrt 250mi deienived watet add 245 @H(NO;)6ebHpOzed

water, the pH being kept. at pH = 6. _After, the netering, (approx. 90
m nutes), the mMbdprgl M%G‘gé"@&ﬁierﬁhey”ﬁ%tioflf BEre epmBingd, at rpom temperaturs pndp o

solid obtainedyyay %dr'§%ﬁdat0wom¥§.ﬁ?| fubd! ﬁfp&-gﬁgagﬁp&@&@doq@nww and

di spersed by stirring for 5 mn an tere ter cake was dried
over night at 18@niinedwithi a selntlors ob2df)geAI(ND pal W@ dn 463 400water mandistirrtédr 4

oLt (B ool 0 2% B POkl SrYRLE SRR e T,
material, is Fe,dindd a0RiswayislthrtBer called solution A. A solution called solution B in the
following was prepared by stirring 350.0 g (NH4),COs into 1,050 ml deionized

water. The two solutions A and B were added dropwise at room temperature, with

intensive stirring, into a multi-necked round-bottomed flask with a reservoir of

20 1,000 ml deionized water, the pH being kept at pH = 6. After the metering (approx.

) 90 minutes), the mixture was subsequently stirred for a further 5 min and the solid
obtained was filtered off. The solid was twice suspended in water and dispersed by

stirring for 5 min and filtered off. The filter cake was dried over night at 180 °C in

air and subsequently calcined at 400 °C in air for 4 h. After the calcining, 99.3 g of

25 a black solid were obtained. The theoretical ratio of the active metals employed,

based on the support material, is Fe:Mo:Al,O; = 50:11:39.

Catalyst 14 (MCN0044_8Fe_1Mo_1Co on Pural MG30): Two solutions were
prepared from 0.1 g (NHi)sMo;02 - 4H;0 in 5.5 ml deionized water and 4 g
30 Fe(NO3); - 9H;0 and 0.275 g Co(NO;), - 6H,O in 10 ml deionized water. The

solutions were combined at room temperature and stirred for 5 min at room



Cat al yst 14 ( MONOCds/@08031M0_1Co on Pural M330): Two sol ut i oRETARERAH5/011925
prepared fromO0.1 g (NH4)6M7024 4H20 in 5.5 n deionized water and 4 g 30
Fe(N03)3 9H20 and 0.275 g Co(N03)2 6H20 in 10 nml deionized water. The

sol uti ons were conbi ned at room tenperature@6and stirred for 5 mn at room WD
2006/ 050903 PCT/ EP2005/ 011925 -26 tenperature. One third of the non-cl oudy
sol ution obtained was applied by neans of incipient wetness inpregnation to
20 g Pural M330 g
for 2 hat 120 Qg iigs Shedheae BEOLEIARD <bfiion ottt VAR abiidd fPhactiods”
remai nder of thQC@(i)énﬂTWeQﬂ:sEﬁﬁ;irangtlﬁgtm g/Purd MGG Svidpipivas driedbeforchand fort her

anal ogous inpregnation, drying and calcining s The theaqreti cal ratl o of
the active net a‘?§3é B9 & e&ﬁ%gw%f%zt}hé Y mdomﬁ%aupaqoalmgmsén% fop3 &y 203

= 8:1:1:90. Exg \ ixed
bed 10 The cat aIrT‘iygsOteo sé1 ot g?ﬁég& Jet ﬁg@hﬁoﬁ %tﬁﬁﬁ%% @t“% ‘%feérp & Ln&%’t%he
| abor at orys appﬁumteﬂsnaa@gcdlesmptdgﬁdldnnd@inmlﬁn&g sidpe. Vihelthisorexical edtipost
nanot ubes achieved are summarized in Table 2. The yields of the catal ysts
prepared there WAcstive dosiplreaml @yeéoheﬁeﬁluqshﬁleosupagrtgn@ew» isaFedto:gphl0s =

significantly | gwerothan the yields 15 described in Exanple 2. WO
ot

2006/ 050903 P 5/011925 -27- 0 wo OA 0O 0000 MN? me NI" CADbQ
ONM
Example 4 Comparison example of testing catalysts in a fixed bed
) 10

The catalysts obtained under Example 3 were likewise tested in the laboratory
apparatus as described under Example 2. The yields of carbon nanotubes achieved
are summarized in Table 2. The yields of the catalysts prepared there under
comparable conditions or by precipitation are significantly lower than the yields

15 described in Example 2.
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-NI NT>TTT t HUUUUUU -28- tent claims 1. A catalyst for the

production of carbon nanotube fibers ( ) conprising: two or nore

catal ytically_active, conpounds selected fromthe group 5 consisting of M,
Co, M and oxigé&l‘ééﬁé@énds, wherein Co and Wh nust be present in anmounts of
2-98 nol % based on the content of active conponents in netallic form 2.
Process for the production of carbon nanotubes, characterized in that 10

cat al ysts accar di nd c¢atalygdt dormthd pendecticneaf. cathonPanotebs fibers (ENE) pomprising:on of

car bon nanot ubes having,a mai n di .er.of . from3 nmt 0. nm
deconposition of & gasolie oo EamBRAll Acive FeTeruyB etebaciet Pegrop
accordi ng to cl ai Mdnsisting%bf NIh,0CE Mo 288 Vx e Dnipdufids ivledoin CRPARCIRI thégd 10
that |ight hydrocarbons, "such as aliphatics and olefins, individually or as

a mxture, are usele guesedtignsam&mntPofc298 mollor tased o the dostemt afnactivk

claine 3 to 4, characterized in }.h t the
components 10 metallic form.

2. Process for the production of carbon nanotubes, characterized in that
10 catalysts according to claim 1 are used.
3. Process for the production of carbon nanotubes having a main diameter of

from 3 nm to 150 nm by decomposition of a gaseous hydrocarbon on a
heterogeneous catalyst according to claim 1.
15
4, Process according to claim 3, characterized in that light hydrocarbons, such

as aliphatics and olefins, individually or as a mixture, are used as educts.

5. Process according to at least one of claims 3 to 4, characterized in that the
20 process is carried out continuously or discontinuously, continuously or
discontinuously relating to the catalyst feed and the removal of the carbon

nanotubes formed together with the spent catalyst.

6. Process according to at least one of claims 3 to 5, characterized in that the
25 catalyst is introduced into the reaction chamber in a form in which the
chiefly catalytically active components are added as oxides, partly or

completely reduced or as the hydroxide.

7. Carbon nanotubes obtainable by the process according to claims 3 to 6.
30
8. Use of the carbon nanotubes according to claim 7 in polymer composite
materials, ceramic or metal composite materials for improving the electrical

or thermal conductivity and mechanical properties, for the production of



20 process is carried out continuously or discontinuously, continuously or
di scontinuously relating to the catal yst feed and the renoval of the carbon
nanot ubes fornmed together with the spentygcatal yst. 6. Process according to
at | east one of clains 3 to 5, characterized in that the 25 catalyst is
introduced into the reaction chanber in a formin which the chiefly

¢atal ytically acti vendectpeneratiagsannd addpdsites noéridéss , aspardyestuffy in batigaiest el y
reduced or as the hydrqxide, 7. rbon nanot uhes obt ai habl e by ocess
according to clai aBa‘P@"_B.dIS@EVSg&'_- toﬁcrqeﬂegﬂi?ﬁgrf’rnléﬁ’@%ﬁ%é é{lgo‘%ﬁhg to
claim?7 in polymer ERRER! i sitblee/hélifm CEIBhdBEelBE AhiGRRORbRBrancs

materials for inproving the electrical or ther conductivity and
mechani cal properties,fof purifitatioprafdgasts, as aafatal y9-or @ pdupport enateridl iengy fomnd

(g t1 a8 "scr cen eV iEPUYBRVE aftpRonent I Fieaiichldefains, bt BRLelom UE

e.g. at screen ; as _ ’ i"stor, a
storage medi um e. g.méfkal Q&%P&g.rhschrmﬁtﬁ&%N(E'Bnnbﬂiﬂﬁﬂ@gﬁﬂﬁﬁ of 8elPtissuil)in the
purification of gases, as a cafalyst or as a support naterial e.g. for 5

catal ytically acti wBagnostiesnsectos 6.gy ashremadker, amsliot chemycali andf phoisicakehnadysis n t he
medi cal sector e.g., as.a mat.rix for.controlling the growth of cell tissue,

in the diagnosticsCdellFAMUNG IOTCEMICINEORES)-  and in chenical and physi cal
analysis (e.g. in scanning force m croscopes).



