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WO 2006/ 050903 PCT/ 11925 -1- Catalyst for the

pr O%tzhwbsﬁoscarbﬁﬁ@@ﬁﬁlm mm y deconposi tion gfcrgp2005/011925
gaseous carbon co et er ogeneous cat al yst

The present invention r&paves to a process for the

production of carbon nanotubes, jn 5 particular those

havi ng a di aneter of 3-150 nm and an aspect ratio of

| engt h: di ameter (L:D) > 100, by deconposition of
hydrocarb?ns ?n a heterogeneous catalyst which

jp ALAEHST (LS : 9h carbo : 17 R 3POSitic
| ”erlctarﬁ E?@Fpgguﬁﬁ’stﬁ LﬂL!lerg)égeliht?e_c(gﬁﬁ&?t' yst and the
car e thereof. 10
Car bon nanotubes are chiefly understood as neani ng

cylipndrical carbon tubes having_.a dianeter of_ between ,
3 and'gyeif YRR 'g aiiigees e taf Propfglion eficameRdanotubes, in
100 gt i@Far (hSsedinaiRECh- dbiRSE ©L¥PSS 58" GnBHR YR gépect ratio of
| ayers of ordered cafbon atons and have a core o

di f flengthtdiamatehdlBYY .1 00Hesdecompbsinomafibydrbesbarsenal kaerogeneous

calle fqr .exanpl e arpon fihrils or hollow carbon

F bregyssigICRTaIses M Ca isfrerion e el epfih A & thert suppor
par trhatehiall altf @R Rhtaiy8Band the c&BHP AEhIMARQ ARSIV 8fd {hR®de thereof.
are of industrial “inportance for the production of

conposite materials. Essential further possibilities

lie in,el ectronic use ener uses and further.uses.

Car KT, fpofibes” are eRiefly, Widskstoqt, A Hirapins, saingsal Garbon tubes
for ravirg atiaveher dfdegvdeneand 8@ nA, tHOMESh I Heing @evel times, at least
1991 (S. lijim, Nature 354, 56-58, 1991) is generally
namel@Odimes, the diprelsy e Flagse Sibep affonadsosp of lauers of ordered carbon atoms
mat er. [ ' r. fi ' '

et e AR RRYS, ISR RERKIR e o als
r el abt wedmyplecraghdni fiteils dihiudlowecagbort filereslePesiutd efitheir dimensions and

A e S

i n tikofdRcefod tlﬂ;'_:r’ﬁrb&u&igﬁ of BnpIGRIBAERals 1 Béstnial BARerEdssibilities
56004 A2, 1982, Tates and Baker). Neverthel ess, the

car bominfal¢cinopietuses, gnergy vees and fedtleeragsi s of short-chain

hydr ocarbons are not characterized in nore detail in

respect of their dianmeter. The production of carbon

nanataBes nBaxtubg aréliaafimteilSwitith hes bednidibwhDbr iMfelatively long time.
al so described, inter alia, in EP 205 556 B1 and WO A

86/ oAlbmgh ijgne iy 194, (Ss higima, Nahde dédi WG HAPD is generally named as
al i t - [ .ar i : :
nycr e digeRirelBinolthed it BBt iRDRARLI borous srgphite materials
car beith ssupgiogrhshiter layéetecoafeasdedd pkndwinger atelawelpbmgetime. Thus

800-900 C, are.described here for ) ..
e.g. the depos?tlon of very ﬁdne t?brous carbon from the catalytic decomposition of

aseous

hydrocarbons was already described in the 70s and early 80s (GB 1469930A1, 1977
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
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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WO 2006/ 050903 PCT/EPZOOé/bllQZS -2- the production.

The &6%\“/@@590% i nclude, for exanple, arc, |as§icr/mp2005011925
abl ation an catal ytic processes. In many of these

processes, carbon bl ack, anorphous carbon and fibres

having large dianeters are formed as by-products. In

the catalytic processes, a distinction may be nade

bet ween deposition on supported catalyst 5 particles

and deposjtion on netal centres fornmed in situ an

havithg PERdaREeTer dhe knpwa methedsmaeiude,r fon gamals. amg) ﬂaé@r ablation and
fl OWatii RS n}ﬁ%%essésn f‘pﬁ’?ﬁgm rt]lgl;%e g)rr@c%gs%ts' mﬁb}(?ﬂcﬁlagl?,éﬁhgrbh&us carbon

depositio car bon carbons
gaseadsfibmesl dl’avtrige la‘rgaalizimﬂfterscmdfohme@ Sas( byrptdidects. In the catalytic

foll own cat al car vapour deposi tion)
acemf@ﬁ% plifigHen h ﬁema& Eeﬁwé deppsiipe onbwaﬁréed catalyst

but agdhen& anﬁ%?@ﬁﬁonaﬂﬁl rrfétlcﬂtcgﬁtg?se b a&ﬂ ﬁt}ﬁ’vﬁ‘l'%rlgameters in the

educts are i oned as possi onor s
cat alapemetre sange r(m@alladoﬂwmecemét alnsthe maseabf proddetsorowia catalytic

deco bl e .or ,reduci bl e, et nents. For

o EPESARL SeNrEq Mot ngdfECeBpns SRHOG, RipeGi, apders fhg reaction
MentdoAdieidnd in TBS ﬁilﬁ)vdlﬁ%C@WD Fhra'ta‘?f'tlcaéérbon-mﬁ)ohf‘ Géﬁﬁsﬂi&b acetylene,
nmetal s usually indeed have a tendency to form

nande¢thans, eth@n@, %}dm%bﬁgm@obuth@ prtadrenay berﬁﬁlgﬂwalyd 8irther carbon-

and I f ous C rbon

o SR BERE RS SRR B PSPl CREREGATE Tip cpfalysts as @ e
C ONEbhpeis@meedd) nfdali dititie@for HE@mpabable BERHLEPRAn&EBL dnfponents. For
Accordlng$to the prior art, particularly advantageous

systeAmply Eefdeelfl.oYy Manbn, (29:i hand\pithets aco msnlieredras ragtals in the
N oHe .aﬁt.or tlhﬁ Q/'ICRI m%?a p@ﬁafq}ag%% eaep%nhgnc to ){orm nanotubes,

pro erties o etu orne In a
manrbat agordihg tcnmb Prio€ amhugheyiéldu Sﬁﬂlo&Scdrhﬂthaﬂ :ﬁh(}’@ho&rcarbons are
a combinatio

se 20 net nents, the
2 op T R By A BRI AR oA S5 SBEh GAnEEnaSAmbinstion of the

cat ghyédmeridted URRAL! . AlcBSdRBUES tRRDridP Gt tp%rtRﬁ‘lHri}ﬁ dvantageous
pressure, adm xi ng of hydrogen or further’ ‘gases,

r eacystems tamb@seétcm eomhigatiors whish | conipmse diedort Ne The formatlon of

reag u zat i on..of roducti o ro

is & partlﬁ%(é uall)F S g%grpdgpffrtd?s 8&%%5‘1@? %‘fgg?edqsg%e@és@ a complex
25 Irharingr b the n{Bt)ztl&Q)rﬁﬂbﬂEntt ned et c@tﬁgﬁpaﬁﬂtcoﬁfbﬂﬂitlbﬂ of several
CCWD and called a catalyst is consuned in the course

of thgalsprinenents, the sunpeE matprial useshandntbe inferagtion gtween 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.

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
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



attributed to a deactivation of the netal conponent,

e. 9-wdY6osloloddgposi ti on of carbon on the entire pcrEp2005011925
particle, which | eads to conplete covering of the

particle (this is known 30 to the person skilled in

the art as encapping). Reactivatjon as a rule is not

possi ble or does not nmake econom c sense. Oten only

at nost a few granms of carbon WD 2006/ 050903

PCT/ EP2005/ 011925 -3 nanot ybes are obt ai ned per. gra )

of | CENSYE: are Shiaeg ner FEAm L FaalyNe Fscagy s erCiReluging e entirety
Of . .
conar s, HCATHE UEH fAS s R SRl of cgalyst deseribed, o
car bogh ryaehd tof resbdpasatubes tHasedc at athy shtabrspleonpbeeisisaa substantial

substanti al uir nt. of the catalyst and process.
5 Fqu‘&F?HﬁR‘BEQ‘?‘Eicsﬁa%gf?i‘d’&???eéﬁ of carbon nanot ubes,

5e.9g. as a constituent for inproving the nmechanical
properties or conductivity of conposite materials, as
wi t HFoslan industriad pradaftiqa ofccaswasnanotubeh egpat @ constituent &irdmproving
st i.ned for ile retaj.ning.the rticul.ar .
or onDs deaBER, pfos) o cbRBHA e P ornB e oSl g witn
and inderid] ipi@ceddes netiigh ispAce/tirfe PRIAVEEE. belkifed ¥85 &hiRNretaining the
| aser abl ation of carbon often deliver only |ow _
pr oPaEquA prapaticnnd the ganetubasetids MininuziDE Fho waeresr dginoperating
or T er si - ruet ur

10 3% FfBRs B 86 e Vs SO0 sBlanb ST EarBlh 84 LT omty 1ow
gr ampsoqretion aytes rind lapgh icodeatsr ofahkmepabes csrbus Wl daybon black. The
possi bl e .onl % wth difficulty. Thus, |aser ablation

y .

i's &PBYTELPOh SR sEviuss op iclabeyagry searqiMith preductiens rates of a few

SRR BRI AR e KISR0 IR, A s
sui tladsr bblaton 15 aproi expemdie ofd arsmelieaupsdi fanltl Watrops puicesses described
of ten . ha nly.a.l ow producti vity. al.ys d

15 har P éﬂ ié/treera?'érgcfpf gis rep g‘bc ‘°mf8ﬁ{b°¥ ﬁlaﬁgﬁf’?ﬁ %hhfs‘:ﬁ [ileed show the
r eachitailist @PpriHcipl€é 8P VatidusAtal it Butl8fed hidR 61§ a low productivity.
targeted pretreatnent in particular reaction

at nésyluste and paEticwla repetiopastenscwhigh, in eddisipndo Hjelrergtion step of
at .25, e d iped for th roducti.on .
of mg%P Sg{rll&?ﬁanagsiou b(gelssér%ehgt%? oﬁ%g\%\tne?ggf&%ﬁtp eélg T oR§Iifar reaction
|'i t estrabsphereanduch mspau tpagtidudar, rpdiciy hlytiogemt athm@spheees, are also
the yefer |}ce® contained therein are intended to

201 &gﬁquleg PIH&e pradyrtion of caprompappighes. processes and
catal ysts are known for the production of carbon

nanot ubes. Such carbon nanotubes are al ready
desclliebotlowmgEex R0 B& the literayuearidomn 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
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Catal ysis International). The cited application for a

pr o ] .ght describes an iron-containing

cat gf?/géﬂ%g’ﬁ%b?he reacti on of the nost diverse PCT/ER2005/011925
hydr ocar bons at high tenperatures above 800-1, 000 T.

The use of NI as a catalyst is |Ijkew se described 30

e.g. in the dissertation of M 'éf Ni j kanp, University

of Utrecht, NL, 2002 "Hydrogen Storage using

Physi sorpti on Modified Carbon Nanofi bers and Rel ated

WO Maerndshooli-boed ER2B0B/ arelbkevise Aewerikadi By sShaikhutdinov et al.

TSR Y SR ABELOS By, p. ot
AvdaR N, Né&XgovodoeD De VLI Plyasova). "Goprdsdsititdie Mi- Al Bind Wi-Cu- Al catalysts

Novgorodov, L. M Plyasova, "Coprecipitated N -A and )
Ni - @or Anethaiey|dgeqmapositign gad neaskory cleppgiden th'onAgplded Catalysis A:

car PS4 ti y ' [AVESY . r

51 SEPPS, 1098 gy DTL)PEL EHRIN S (on SIS A matae
dec giposirbommnofmatetifland. fusthegoweeviewrdi@roduction methods is given, for
nano- mat rLaI . A rther.overvieM/oI groduction )
met IFS8EPICs bYiliFuR ang be Jopg Mg feyievy gt -dnlPepeng gpg i W Geus in

a T QYW RELISe] e EGE- B(4)PerobdNdhRBY 431-¥Y0)Camign| 1
Catal . Rev.-Sci. Egg. &2(4), 2%6%? pages 4181-510?}11‘e metals and
Bot lrombireitions adfs vanous cuaids neani des employad asse.gettht sApplications

B T R

Cat ahy §i538 218 @ 1N@echeElectric T 12487 R1 @It Esily @SB efikng) disclose.
Electric), CN 1443708 (University of ej i ang)

di sdiosver, thoppimpm yipld dfarhenringésab asedlycstilloansatisfistery, or there
is u I Ll _unsati.sfactor r.there st, be .an :
o BTt e ot ROG R QP i e iR he desired

mat erbpdriseshay isngkplditeddasdw . he pridugeial bRSuc@Sn bBcarbon nanotubes is
expl ai ned bel ow. The industrial production of carbon
nandRuBEEeqt Of pEmerqus stadjes c Orothe Sasie pb the igingrrecs ofdhe catalysts for

the tf?@?ﬂoﬁu&font&%a.fﬂmq{ah@tﬂﬁ% @ﬂic&#%ﬁ%@xfilzédﬁﬁttﬁesr: gécéiolhg §he reaction

production of carbon nanot ubes escri be
t hespparetisésnnsed tahe aesebt ilinked apartht usedystseddadrel the resulting

closely lLin with the catal yst used d the . :
¢ eo BHORGEES i Bt mee PR N Al ara B pUaUbettive clemens
ComarcaRibfatidhPthitcof 8 Mdad Eé’&n@b?&ﬁ BhftheYptimum conditions of the
combi nati ons thereof can indeed be” enployed, but the

opt ilndusiTeRd meictipe procsfluneh enlytemerge §rom thie cogmdicated interplay of educt
proc I only ener fromthe complicat.ed. interpl|ay
b e A0 o R LA Db, RSP RSt B FBlsE ind product

hydrppeberiagsl cs i n the reactor and product properties.
EP 1 375 424 Al describes an industrial device for the
production of carbon nano-

EP 1 375 424 Al describes an industrial device for the production of carbon nano-
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
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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25 materials and also nentions a very general catalyst

co Irha he catal yst conposition is stated yu
thgugéeﬂs)%@g%%gf the elements Fe, Ni or Co. I—Io\/veve%%;fﬂ%}bgoosmwzs
precise, particularly suitable conposition is

mentioned. In a work by Cassell et al., various

catal ysts for the production of single wall carbon

nanot ubes which are based on iron/nolybdenum are

described. If 5 g of catalyst are enployed, just 1.5 g
of FBSERRBEro49dhoVanest & &Y pWeagdedViecasSualand & Yay, "Agglomerated

"Lar i i e- .\ qd. I n " .
R YR AF oo P08 ) D A0 sy, hvsic
( 31)20093B23) P63 2ICBR 9P GddchibE ADN 210 IW2Bure Fo dar@®s for the production
6484- 649?3. \An e{ al. (Y. Wang, F. We, G @ and H. L
Yu, Of&f@ pigs gﬂla leta 38 nl APamt UEB% ush @f inogoyspmaterials (e.g. silica,
Pr OGierhindr ZEo1Red) N44ddk 7 £ d?s%@kﬁrﬁ%g%g atan E)Méif&f‘fo%nation of carbon
2002 32 e of a pure

, 323, pages 7-329) descri t he use
Fe ddackl andforfaprorplivers parbduds bbservedf andghesersappdre materials, because of

smal,] er than 100. m The use of porous terials (e..qg. ]
o1 " chOfitgh ettt BF sSerRied it ghe karvon méeridls only with
di sagiffRulAoeIhdul theRNbERET ABSRA 9T HRE ik Eﬁ%

bl ack and?or anor phous 1cgr bon is gbserﬂ\)}g‘g‘l ar%%l‘;ft ese ot al, NEC
supperporatienyabe8188kause of their chemi cal

resi stance, can be separated fromthe carbon materials

only with difficulty without these being attacked by

t he Hour ihki padifieuion Hofirthe edartin. naibesCAORPT AR, cddStituents e.g.
5698175). 10 For the purification of the carbon .
nan®UHHEYiqny $iRPE atvathy Stluteo 95t highBhtaxidizigg mineral acids, dilute on

pur ifi Gat.d ith di:lute or-highlv..oxidi z ng,. )
ot PhERSRY SEPF Wn bl e ORI L el ot . s
coniSitatatiomines, t1Henddf 2G01e 209269 bive TokbesHe ranaditafsisali2, 2004, 307-
Sol ii State lonincs, 141-142, 2001, 203-209, M

Toebéd-et al., Catalysis, 42, 2004, 307- 15 315). EP 1

318 102 Al and WD 03/004410 Al (Nanocyl S.A') nention

catal ysts based on the elenents Fe, Co, N, V, M, Cu

on 1 BERILQGE AY and [VEOtA3A004d pP Arlt(Nanddyé S. Agxiention yatelysts based on

are ikl | ues of ot ubes/ ncat al yst 55-6, The
sup!ct)%tr tei,en_éee Se\g_?eg%zoﬁbrgpig?’d&floo? e%?ﬁ“ft“&m%g'ﬁ%e“ed supports.  The
pur inidxi@tinofields kit AlvARARGE OB, NI QR LLES<9%6. THIR supports selected

nanot ubes roduced. Hydroxi des and carbonates are
mentfofad tadead 4p epsupuificatipp ovithsadvisutagequs propertigsovfitht manotubes

it Ete gpt ug&!:!o?l&g}sogon a:aﬁ% tch%oﬁgt%s alleht%gn%o%&? a Barl]r\/iglﬁltale sdupports, 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
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. Knézinger, J. Weitkamp, Handbook of
Heterogeneous Catalysis, VCH, Weinheim, Germany, 1997, vol. 1, p. 191 et seq.,
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oxi des at the tenperatures necessary for synthesis of

car kwgzmﬂ)g soygterials. These supports nust mre%ﬁmpzoos/mwzs
be prepared separately and the active conponent

conprising one or nore netal oxides or reducible netal
conmpounds nust be applied to these supports. In this
context, the anpunt of active conponents which can be
applied is Iirrited si nce onIy | ow | oadings with an

active co nent | ead to a hig di spersi on and snal |

pri ﬂ‘ary% igel.- erGawetCeaﬁasl Re\hGSCt rféygepr@ 4?er4dé$1 -510, dissertation

L " RO Sgdoeeh ity of BBl MERsges (& F1
Heterogeneous Catal ysis, VCH, Winheim GCermany, 1997,

vol . e WD 2006/ 050903
Pdlfﬁpié%%sﬂéﬂbi@lectrevq@ describes geatle of 2 pbsgateswith an Ni- or Co-

it S?gﬁdjﬁ&gxéc In t}%1 gonteﬁgglgreenlﬁé éa déh %lﬁgtréll@utlay 1? the preparation of

thi versi
Ut r ebibybsivate WﬂQS))artEElai &@85 O5NA or((Ed-baded &u‘a@)st dep051ted without a

descri bes goati ng of. substrat Ni -
o GUTER: o GRRSTIPFE. i oS BORE S b BihHE o DEOPgradypaly balchwise, the
| ndygtaystks Qﬂ')ﬁéc?éﬁ foM thREnArRAM R ;ﬁﬁs@fn a tQRcR gbﬁr‘hBéﬁh‘%re which

with a particular |ayer of Ni- or Co-based cat
depos¢anednwidibiond! catlagurrent. Furthernore, in the
process, which is to be operated only batchw se, the
catalyst is subjected to a thermal activation phase in

a I eflac 20aDOEB I AN BERrib¥h Groces® FtSthe pradlsttibh Faanotube films, in
outlay. 10 WD 200006311 Al describes a process for the

pr od’d@?h e eftalistrrenueprise g, ConALwNi, Mn,tlm; @aand| misttures thereof.
t her e&?w& Sﬁl@F&Wﬂ%? ha/é'_\é tk\l qesé\{{bed Plym&. B394 re{)i‘lealgé is made to

wever S are nOt escr

f ur tpaeticulandsuitable @bbaiacend @ftﬁmeeldnﬂantqoart icularly
sui tabl e conbi nati ons of these elenents. 15 US
2003/ 0148097 Al describes a nethod for the production

of SP§ @301 480975 A ¢ HesEHHRQ R fhod YBE LR Bro‘dﬁ@tld'ﬁa&iagﬁhsatl or twisted

i nfl uences the formof the product. The catal yst
conprngwbes; nehepeinrthe eatalyshgrflusnéasahe tform gf dhpproduct. The catalyst
consi stin

of Fe, Co, Al i, M, Pd and Cr,. _or.these.
o1 BRI gh S torE entraiecBirh Bihigohe GoRTHEEFEHfed: AL i, Mn, Pd
el ergpat Sr, Ur tRekeoibHORs oNaikRIr& BRRBS icSmBREE With further elements or
particul ar conbi nati ons of elements fromthis group

0for axgasoNawgiarenceys miade 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.
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
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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Opti mum structures which all ow good i ncorporation

Pr OReH bdRmsodo Particular dispersibility, are s3icddloos011925
be obtained by particular support / particle

configurations. 25 The structure of the carbon
nano-naterials has been optimzed in particular by

this nmeans. For the production of a particular

nodi fication of the carbon nanotubes specifically for

use i ol yners, the use of supports havjng a
wel iindfsf ifi?ilaersﬁrru%?la%lewhlica ig IPaBiIcuaslT figble fpr nokyrogs use, but the

6, 358378 PRE I REFeB R by t4An i

Parti égp%rﬁé?‘feg% al ipgnﬁlggt}aol%ﬁ fteﬁetJy)IEC)o(r%JéH1 air%ﬁt gépggﬁgaﬁlén processes.

fi brAes 13 rgenerbindines/ni sn dbileeretir8@fobythd hpeepasaionf of heterogeneous

support materials ich have_.a structure of cleavable ,

pl ar?ﬁﬁaiyéff’rf}é?é’\éeé'er’ o%a?’é‘%’ﬁd@f ofat ¥55951P311’Pg.t¥§ﬁh§‘\‘??‘ﬁ‘&“e°“51y high
isSorM diameters of the

2006/ 050903 PCT/ EP2005/ 01192 indeed deliver a

mat eciied cathlysthcdrspquantsi azelladydnyageons &l the fgoowihodfycarbon nanotubes.

use,.. b the active conpaonents are preferably applied..

by ST 560 BBl A ORTG oplsasbictedi Bigte pretitions or

gengr&dipivatioNOVM tHertatdt bigpitainly & 16RModdi8zPIrRAIRANIRH dRPersion. As

of heterogeneous catalysts, however, the anount of

cat & rgsult, rfogmanaerpighereatelysie vsesd iy shvegely Sineitesp /'S 613§ 8,878 Bl
is |jm,: ! S i,.gh di sper.sings. or
5B ol ATRE o e tlr HEE DB SRR U3 emviove

adv aighgeatlds fremot digclgsedWtWith thecautdimsis AabObdd) &fe. content of residues
Smal | active conponent dianeters are achieved duri nfg
i nprré ALY BPPoth s tigh that these waidperemugtbg tgmpved for the further

SUPRREt TN Yeshilts O k&?&%é&ﬂﬁldﬁﬁkﬁaﬁom ,“ﬁiﬁapﬂfwgiv%g-seé%a1 further
a result, t he pertornmance O the cata ysts use ()
severaleys Isteapst e FurthiSndr3 Sdndey &ceBiinl Gircmndtaraies thy powphology and

yields of th rder, of 20- tinmes. the catal yst wei ght
enplPOYREFES ?g &r C3Pet d%angfuge%oﬁtredi@erwadgy h Woggng up and
cat guyisitstidhe d6genBRg ontthe poeede®thdgdbn.r esi dues  of

catal yst and support is so high that these residues

must be renoved for the further wuse. This results in

an | i i utl ay, whi ch involves .several ..
Fur (S PR P bl o e AR, T RGP (BF HBORmentioned

Ci r Appiicatiee WO e/00a4 ph @l10gYh@nsk dbhpdroRided ahdoPtarbblates of Ca,
car hon nanot ubes are influenced by the working up and

pur iMgcHe ConT1 e dernsiaypeort tsaeionedau soletimisierthispsehjem.
renmoval of the catalyst is also the aim for exanple,

in the abovenentioned Application WO 03/004410 Al.

The Inpanaplehyidrppadedes aad datalyssanbenat @aooirt have the Prdfiem that the

élol’ Jf(llt?%%g ain&&?ﬁ ptgaéggﬁ?ag%%?lp g{ (ENng’ prrg%iﬂgédoig %gt saa%isgctory.

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
>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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In principle, the processes and catal ysts known as

pri the problemthat the ratio of a

of %?gﬁ@ggﬁé%unt of CNTs produced i s not P mpa00si011925
satisfactory. 25 The object of the present invention

was now to devel op, on the basis of the prior art, a

catal yst and a process for the'éﬁbduction of the

car bon nanot ubes descri bed above which render

possi bl e the production of nultilayered carbon

nanot ubes having dianmeters of from3 to 200 nm

pref.erably ,3-150 articul arly preferabl - 60 .
and %‘sY%‘ét&“ a%ﬁr%gpeogmﬂdﬁs 2 %ﬂ&Stp?Ié @erBF‘gyfs >t%%813ﬁ dcBosition of
par tdafohaninonee§ @imblich3@ eatdyQ0Gom theaBad PHbKE! bh etéfogeneous

efficient manner, i.e. in particular the highest o
possRBlsts withdhe baspveanapanssts e and) Gay pigfgrablpMmend Co in similar
cat t / 0 5 .- L

ot S5, P00 5B A GERAO SR TR e nsion
f or rhételsdéydmichibons ofhicle adrd Ogase@BObileS theS rdagtiSii (dnditions being
catal yst fromthe tqas phase on het erogeneous

cat pxedgsthe et base conponents Mh and Co,

preferably Mh and Co in simlar 5 ratios, preferably

in the additional presence of M and optionally

f ur tSepridimglpsintthe axpareaitson hsterogemonslyavdhyzell depesition of carbon
gaseous, ynder the.reaction conditions bein enpl oye

e TSl ot e TR 1 SRk heselhb R TeT B n-Co not only
het §r0€RBE htbbY neit@bes38d vERPESIA duaRtydndGakIP Righl@aphitic content,
nanot ubes, it was found that a catal yst based on the

el erbahthe Weld@d cabon aahgtubgs; bahed ot thawisight nheastlyitesnployed, is also

: | j ith.a high. iti. ent, .
bt TEHiSHHRE S pnler S it S RE St fngToiefis vields ar
of  btahdisthae fith Beed FefMaksalys prdpafddl i fal brmipaipltiseler.

suitabl e reaction conditions. Surprisingly, higher
yields are obtained than with Fe and Fe/ Mo catal ysts

Prenanfd chiled, GRTRAIAN.E (TBEY e % | P&t an "expandi

t he car Sn ﬁahot ubes sur%rl sin Iils l%g}owlﬂstﬁg?#}%lr m%’f expanding

an "uxyeasedj thg catalystsimary,pattivdescahalinyedtin phid capalyst agglomerates being

partjcles contajned in._the catal yst .aggl onerates, bein

Gr i VKR FRAT B, e ARG GESEng SSHERS: it P QHregliany 4nR @ looser

al | rﬂméﬁatnaomg adfitk @erdsRPSLL 500RESE? aéing?aﬁﬂ%a. a bul k

density of < 500 kg-m 3 being formed. 20 The cat al yst

according to the invention is based on the conponents

manganese and . . .

¢ 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,
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
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-



cobalt. An addition of nolybdenumis advantageous. In

addivid 9veloSodohe base conponents, one or nore netpdr/EP2005/011925
conmponents can be added. Exanples of the latter are

all transition netals, preferably netal conponents

based on the elenents Fe, N, 2% Cu, W V, C and Sri.

The catal yst according to the invention preferably

conprises 2-98 nol % M and 2-98 nol % Co, based on the

282:9 nfnog‘fo %@ﬂ X%@F%ﬁge? 3 Itg (bg?:{%%)ll 7 ngolglgdenum 1s particularly

part 'y r 0 e f . (00 - A
n%’étzrgd 75%%?‘%‘%06??%?9??‘260 yQ5 grgeltn%?z eg. ”%Ld;% 25 mol%

sumrmcﬁlybdwumstver}tpartmcFuIMymnfén@d or Mnh, Co and M
here is not 30 necessarily 100 %if further el enent s,
as nentioned above, are added. An addition of 0.2-50
5 % OfCAA19stO wiiBK Chalvll difAfhr RRIS CRMRANGNININI $hd Co are preferred in
preferred. A content of 10 2006/ 050903

PCT/peRxots, ¢4 1apsof Mo/@oohipmvh to 18-19 @raferred, @artignkarly preferably
0- 1q [ ltg/ ybdenumis parti cul arIy preferred. A

cont'érit "of " 25-75 nol % Mh, 25-75 nol % Co and 0-25 nol %

mol ybdenumis very particularly preferred. 5 Catalysts

whi ch have simlar_weight contents of nh and Co are

pr eflder satalyist gsgendinguitar theainpvgntion gfan\Ag Cerepdred r Bimvariqus ways.

1080, ShRRELTT 160 3BRTH ALY, BESHELARN o b S

pr epapedipitativia o ohts caltalyﬁcallylﬁbtﬁé asabparicas iwmheprekénce of a support,
support rraterla{_%{e i nati on of sup port materials
Ctl‘ﬁ

coprceereﬁrpetatl%ﬂ %r%}tvrf é%ﬁtr Lpompepnds tg%%?réﬂ&lb@e support

in trﬂﬁeﬁil%?%ﬂﬁ%ct?ﬁta@oéb’ﬂﬁ@E&tal &ﬁwrﬁ 1'08&%83%45hﬁ ether with

catal ytically active netal co s t oget %

supparinert lwam@anait which(fplnm:il puppm matedf] inhfarther steps of the catalyst

cat act net al compounds together with an
15|ne3F¥hB?@ kh forms a support material in

further steps of the catalyst 15 treatnent, are

concei vabl e. Various starting conpounds can be

enpl s stasting ggmpeunds<cgn ber anployedhlas 1prg ahthese gfevsodeble in the

use [ h S reci n or

copr ot wled 0 SB3ReCbask SEPMARLARR, & soprecipisyipay con aso be

Ex anpédapitaéd tdgethm SIEaﬁﬂhpra;g of cigae um%n@ém@ﬁmﬂahﬁssacetates nitrates,

[ es, 20 chlorides and further sol ubl e conpound

20 -?Ltercgitg@eﬁ japd prther s9 bg)e'ecq}p é%)@lﬂremgltqjlonb:}ané)e brought about
change gy, tcn&gteerﬁptﬁé b &atutd) s COHERTA RN QR0 (R ec\%pp%tlon of the

evapor at’i on of
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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15

solvent), by a change in the pH and/or by the addition

of Yol ting agent or conbinations thereof

Li gﬁszF&(ﬁ%Jlog and / or water are preferred as tf?CT/EPZOOS/OHMS
solvent. Aqueous synthesis routes are particularly
preferred. 25 Coprecipitation oaothe conmponents, in

particul ar from aqueous solutio e.g. wth the

addi ti on of ammoni um car bonate, ammoni um hydr oxi de,

urea and al kali netal carbonates and hydroxides, is

adv added e D catplaists wéwéﬂephtawpéﬂrefheefgrrn Phe solid, can be Separated from
ggﬁﬂl‘g u{l)lgcg:sgﬁtlgﬁsnllagp e‘flﬁ)rdrslkﬁgwggg t ég}%r% Q@ 1SJ‘Y¥1 the 39'{ such as e.g.

proféttii@s aerdrifugationr teaperatiodi fahd: a&omentm‘tlohhe Seﬂltnﬁsgatlon and
red, surface- active substances (e.g. ioni

ggﬁiﬁﬁ?‘é"% arer preferrrds Jhe sahg oblained s Bs)washed @értl?erlor employed
WO %305

oot APARROARAR, BSOS i 46 Ao bl e RORE handiify, of the catalyst
can dbeamabahest enh be alriedt heseguktoveo | foit heﬁeﬁ)geyediietdmdysts further
known ao the rson sglllled i.n tge art, such.as

f11 1PaMGRNECeh {4 FUBNER RAY RFaBbrdrimiecand his condioning can be

CONGRNKiaL 288 th&rRial Leieat h@@«eﬂrhq trécahhex{t el}’éfﬂtl@ Flea@ﬁ@e atmospheres or

preferred. The solid obtalned can be washed furt or

errplt’og/e\datsr v apculn evithd threemm of 1ra}sroab1gaﬂ1ne:atalﬁmrpmpertles A thermal
nproved ease. of hand

t |
iy PREEBE R, O RN HefksmhOE oF REPUAGEE B QR veeh 300 °C and

cat ajopsCsis drefetor Tl'féoélﬁlkﬂtioﬂﬁign&noﬁe phRedcAl & HMb®el®Y a shaping
be of advantage. This conditioning can be cal cining

and ander gsading. el erstain easesmsimayshe adveatageoys fov tha catalyst which is to
r ea%e' ¥1%R%&£@ SH&%E a%lyo b? )P?etre\’\%tde\cvltﬁ ap gel:'larctl\)gme Egﬁ% %P as e.g. Hy,

ai m of ovi ng iI'C properti

10 HydtdcasioneNtCOo noraﬂv1ﬂ1>(|rﬂllxmréhg oAt fHéSFgB@@em%htloned Via such a
nper at ures qf between 308%C and 9 pr eLer red.

The REEFRAFRnt JoeiahcaRPoynds Bigadt 671 Pe pythgir oxidation state,

shapirife mdAfHoReyDrast Qfalyd: BirG&hdedaf be ?x%fﬁz%n&éd may be
advant ageous for the catalyst which is to be enpl oyed

industrially to be pretreated with a reactlve gas,
m.xt ures.

e TR Hsn Tne AGREE LBRRe il eRitor repia? conversion

et alf tROERAVAEyRIcESE8IbsGaAesiftoMBElEdriRFonding Efbides are preferred.
oxi dation state, or the norphol ogy of the catal yst

20structure can be influenced. The direct use of the

25

30

cat S tnent  or .entir.e or
part1 aﬁ };rgc(:)e%\s/ 8(?%9& Bé VSR N8l 05 'be Hrri€d'out'if vifious 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
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
discontinuously relating both to the catalyst feed and to the removal of the carbon

nanotubes formed together with the spent catalyst.
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of the catalytically active substances into the

Cor hpgRRJsRsdYes car bi des are preferred. 20 The prQeq%sp1005011925
according to the invention can be carried out in

various types of reactor. Exanples which may be

menti oned here are fixed bed reggtors, tube reactors,

rotary tube reactors, mgrating bed reactors,

reactors with a bubbl e- form ng, turbulent or jet-type
fluidized bed, called internally or externally

circulating fluidized beds. It is 25 also possible to

B

i s fHdWwedr,vil¢cdhopacirboh esided, hﬁs;ﬁrtn:atdrlcﬂ) egomatic benpmerds with and

particles and/ or can entlrel conprlse a
f ur (HEOUE REErS flogy i Brnetiond fized @93 OFhedgh as e.g. aldehydes or

par tlde?dn%? cﬁﬁ@ls@lb%% ﬁggﬂs ttﬁée%e &&:‘b%ﬁ?egron the catalyst. Itis

nanot ubes. The process can carri ed
examoepossibie inampllyymosturds o ding abmmumlnyonedohydrmanlnmisy Suitable

or 30 di sconti nuousl relatin ot t he cat al

D FOmRGT e Th s e 4 BeBane offhaten 5o RsEs butane or higher
for gy hitﬁﬂetem%[r i gl‘b e S BeRhe, CREtANIYSS -or Wbher olefins or aromatic
2006/ 050903 PCT/ EP /011925 -11 Possi bl e educt

gas dydencerbiong ter mbnﬂoealﬁibb@s alephols arshadlnophhomscsmanmetero atoms.
oxi des

| efd b :
par R0 R BB BB s ot iePieandC tifebiser fom 1 o

het eegpeativip 2nd fmrmiphamlor Zcﬁ@ﬁrﬁé’dfyﬂfo%ﬁib@ﬁ§ ,or SH6Mb-a8r dinuclear
e.g. aldehgdes or 5 ketones, can al so enpl oyed as

| ongar%matfch x@ow@r&e@émﬁﬂg@blyompmeéatﬁdmyx ics (GHpg2) and olefins
al °Q ggﬁgb o Sﬁg tggl(? r[ﬁxllr@ér M OGeULE5 400, tlfé‘i‘?e%ﬁ%’l‘f”%”i a%] dalrtlcularly

hydr conpounds are

e. g.prefetabna@mpleydtane, propane, but ane or hlgher

al i phatics, ethylene, propyl ene, butene, butadiene or
hi gher ol efins or aromatic hydrocarbons or carbon

oxi dgR cQEbcﬁ‘ll-I(éfélaghé e@lict YL ¢&S Qlogh%ed(ﬂstfgrrﬁ‘ &r&aBod AR the reaction

10 Short- and nmediumchain, that"is to say having a
nunisdambér é1r »myiabby precedeng epptarated. yHyg@rogen 20 an amdrp past ufcu example

or oI i nic ocar bo r dlnu l.ear

ar omPISfeanibapl 820 XgeiTRE sy ity & Rossivte o camy out the
Al i phadds€ scdotiti2 xo the 1@0&1&%&& fie pré@erhéh ollf%)ﬂbﬁﬁ rAnétubes with the
nunber x of x=1-4 or, respectively, 2-4 are

par taddifionr p§/ an plfl@qt gagbcprya erﬁ@qtlgy sq@ra‘l'hlgert gases with and without
car qg)arcféghl it t @esﬁg&' %{Jmﬁﬁgtlgr? 'I“I?e re'aw.&cglagsa%%%'écferaglryngompnses carbon

vapo e reac
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

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
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
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chanber or a suitable precedi ng apparatus. Hydrogen or

an i for exanple noble gases or nitrog

can eEQggggm%o the educt gas. It is possible to%@gp??msm1uns
out the process according to the invention for the
producti on of carbon nanotubes wth the 20 addition of

an inert gas or a mixture of sevéral inert gases with

and wi thout hydrogen in any desired conbi nati on. The
reaction gas preferably conprises carbon carrier

hy drcaien byrecepposstian tojtakamplaerewith 8 shiftsiteh speed and should not lead to

L

r eadiiglotontas ofamonpheus @hrbsh.awhiah ds Actrprefeatd,shshefestiltiag material.
educt gas or product gas or as a detection 25 aid in
pr odé$s aﬁmt%g@wﬁq dempeTaige RBacasvhgveen M0 ploandt Beh °C. A

can Joeoh sgtiicﬁpteﬂlgfsraﬂﬁggfﬁgﬁleﬁ%utecﬁ 738 0 & FRekRg! ow

at nospher | pressure. The process can be carried out
under pressure of fromO0.05 bar to 200 bar, pressures

of fromO0O.1 to 10Q bar, are preferred, apd pressures of .

{r orhi, CAIgR 6 i brsinehy ol B G g B b Rgge onantinuously
L enPgieatial9stCadh B Mahdedd dsNddsBeoddSBREBLHEAUARBACN®S the actual
from300 Cto 1,600 T. However, it nust be high enough

f or rededion eqhembel, qiy astded ' an\axidPORIMBSOOOR chiefly catalytically active
PCT/ EP2005/ 0119 -12-. carban. b econposi tian t

B e R T S S T

to a significant autopyrolysis of the hydrocarbon in

the gas phase. This would lead to a high content of

ano rTgﬁéaé)O@axab@WPeWpéweﬂsn thas Wy etrersuadly, if thetapplication allows, be
res ' al. T Q [ re .

F anaeH SR PE By wHE R AARLARE R Ind BIPEREAY Soppont in the end
t empesdiictir Ehomafefialm cah @pfotialy Hedutifies, . afyashemical dfd€olving of the
catal yst can be brought into the .reacgtion chanber

bat GFRIRYS Sreatebst ARl StRR0Yh bY PiAESK af {iscopigRtel amorphous carbon

redu@fich aRSfoRBEEH P&Y sl A Rint§r RAY Bl M éf'fgr-‘?re%ﬂﬁent in an inert

actual reaction chaiber, or added’in an oxidic form

of toneeashvegasy Itstrabsibiedal thy carbbi nanotales pesdaiced tarbeefuactionalized
in the fogn1of %he grecHthated h roaides or : d

car BORRIESY: FrEEafBol? N ﬂBt‘H‘é’é%v%r SGATEdnion2 MFTx QR p adapt the
can sused prgpertis foltBe aglel €8¢ indtafletc@Wannle enpl oyed

wi t hout prior working up because of the | ow catal yst

content in the end product. The materials can

OB R B g B B o e

of tadditivenirepbiymets, anpanitalas feambetunical 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
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

materials, ceramic or metal composite materials for improving the electrical or

thermal conductivity and mechanical properties, for the production of conductive
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which are formed in very small anounts or by a thernal

af t g 55£?%&ﬁgt in an inert or reactive gas. |t gcS/Ep2005011925
p033| or the carbon nanot ubes produced to be
functionalized chemcally, in order e.g. to obtain

i mproved bonding into a matrix Q% _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  additjves in

pol yealings and pempositg| mpteridls, #ed bt in batirisecrangeitars displays
to ipgr e I
nandPan 0l Brea e L el Mk, EPREHH ffect Lang, 525 Wluge medium
mat exg afor flg/ﬁr@s antthner gy nehdrags, e.§. oforcbxmfngtmn @f ggmses, as a
flanme rooflng 25 agents. Becquse of the g

el ecRRlshPr e%ﬁamort\metynalt% %?%%JWI%W@PHB%O%P%B%H chemical
aCC(}EQJtEQS A Fu'aF c{;lﬁv%‘ttl'lé)ﬁlegﬁ:gl b&t ”«P% 03(@9 r?ﬁnx for controlling the
el ectrode material or for the production of strip

conduowdr of @ehldissws)dn tiel diggrebticsciectioes.g. bg a m;xrlair,smd in chemical and
possible to ngloy t he cargpn nanotube? pr oduced

acc Py BIERde Enehtgie RECCIHTISEPRES) n di spl ays.
Preferably, the carbon nanotubes are enployed in

pol ymer conposite 30 materials, ceramc or neta

conpli precesataeedrding to dhe inwpmtwu ang thp @atelyetstacc@élngdp the invention

 her BT DRI e PR IE T PhRBEAEE ul B cxamples ar
PCT/ddPZ0& ikt Heq as-allimitfiin dTYBe @RentBREpAGHH:.e
materials, as a dyestuff, in batteries, capacitors,

di splays (e.g. flat screen displays) or lanps, as a
field effect transistor, as a storage nmedium e.g. for
hydrogen or lithium in menbranes e.g. for
purification of gases, as a catalyst or as a support
material e.g. for catalytically active conponents in
chem cal 5 reactions, in fuel cells, in the nedica
sector e.g. as a matrix for controlling the growth of
cell tissue, in the diagnostics sector e.g. as a

mar ker, and in chenmical and physical analysis (e.qg.
in scanning force m croscopes). The process according
to the invention and the catalysts according to the
invention 10 are illustrated in the followng wth
the aid of sone exanples, but the exanples are not to
be understood as a limtation of the inventive
concept. WO 2006/ 050903 PCT/ EP2005/ 011925 - 14-




Exanpl es according to the invention Exanple 1:

Pre ' the catalysts with different

st or‘?hgﬁ?@“??@g solvent, ©precipitating agent, PCT/ER2005/011925
tenperature 5 The cat al ysts were preferably pr epar ed

by a joint precipitation. Catal }{_g
(MCNO062_23Mh_27Co_11Mo_39Al1): free solutions were

prepar ed from2.5 g (NH4)6M7O24 4H20 in 50 m

dei oni zed water, 17.8 g Co(N03)2 6H20 10 in 50 ni

dei chiggg!emt@rdiaggoIEe invgntiof NO3) 2 4H20 in 50 m

dei oni zed water. The sol utions were conbi ned at room
tenperature and stirred for 5 nmn. The non- cloudy

m xtmm@btﬁlm a%ﬁmcanmen@ﬁamﬂs Rwith sﬂff&teh@@t&émme&y, solvent,
g Al 9H20 in 35 wat er and stirred. C ouding

was Rresipifiating aﬁwwtmﬁ@@lr&ddl tion of dilute HNGB.
5The solution obtained in this way i s subsequently

called solution A. A 15 solution called solution B in

t he T daaMSIgweRSreeRPa Bepdiyd BY b ldihNgrediBitiich.

(NH4) 2C3B into 225 m deioni zed water. The two

solutions A and B were added dropw se at room

t en‘p@g{a&g&g O(Mtﬁbﬂﬁftﬁ?fd gﬁf_* fl\r’lk ”@Aflk M e solutions . wete prepared

mul tr- round a reservoi
200 fidmdes g NHedMoaDar- 4H,0en 50l rbledelitgni@alpx/ataﬁ, mJﬂ g Eo(NO3), - 6H,0O
After the metering (approx. 20 m_nu Xt ure

10as U@ deinizd sty bl EOMREUD,)r £ MEROSin A thind dgrenized water
the sl dfh R %é?@ doBiied ial Rﬁﬁr? gen?p Fatur-ggb%gss@ilrﬂeg f08% min. The non-

twice suspended in water and ersed by stirring
f or Gowdymmatmate fobtajrexdevhsafombinkldevith & s@ntior akE0. Q@Sf\lcm'()e)@l 9H,0 in

ot CaDnt ardtand Sgsd. b oai e dRRSIST By g Tise 408gn of dilute
of aRIOACKTIROL 18 NE bBtafRE3hNER wiP & 5&1;%@@&5{19%11“{ dbluflon A. A

of the active netals enpl oyed, based on the s%cg
15 mat esolugion calledsolniorcd? B: fre2 6dlowing: was) prepgredChy astiysng 70.0 g

pr eg@ﬁ) 32@(?35 %g% gﬁ*%%?éhﬁi}& 4¥H§$8 sgiu%tghso %Sanvéf“ﬁ were added

dei odrbp'&d;evmtr&dsm t&.&p&aglr@('ﬁ\l@&)tanm@d'ﬁﬁnngﬁmw althulti-necked round-
dei oni zed water .and 16. 8 {) 4H20|n 50 m
dei SMftPE v%ﬁswlths%)revﬁaogaf 40P &M e\‘/%‘t*@ dewater, theopH being kept at pH

roon: FenpeLahs hiidhg n(g%ﬁrﬁkeﬁ) lfn?r'[l)lté% I}h@ ml-#ﬁ?e o? lsjl%blsg%uently stirred

cl oudy m xture obtal was co
200f 5for@ fprthb( NE@BN3andOt2 Golid oBRAIRADFAOHNORT off. The solid was twice
PCT/ s%@%e% g{i (i)rle' ]nger and d5 1spersed 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:AlLO; =23:7:11:39.

Catalyst 2 (MCN0071_20Mn_21Co_20Mo_39Al): Three solutions were prepared
from 6.8 g (NH4)sMo070,4 - 4H,0 in 50 ml deionized water, 19.8 g Co(NO3), - 6H,0
in 50 ml deionized water and 16.8 g Mn(NO;), - 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
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35 M water and stirred. The solution obtained in this

way we2sodespepient |y called solution A A soluti 9&T/EP2005/011925
call'ed solution B in the follow ng was prepared b

stirring 70.0 g (NH4)2CO3 into 225 m dei oni zed

water. The two solutions A and B.were added dropw se

at roomtenperature, with intensive stirring, into a

mul ti-necked 5 round-bottoned flask with a reservoir

of 200 m deionized water, the pH being kept at pH

7. APl weke apd shrehg T@aﬁa}%@n @@lmﬁdnmtté@)wax rsesubsequently called

T RECASY, SRR RSP, R S Ry s

t Wi §6.0sgISINHRPED; iimovi2Sant déidmdeds pates e CHaytwet dolutiong A afid B were
5 mn,and filtered off. The filter cake was dried
overddsdgfiopRise1goroem frmperatansy Wg@b@éf'@a@ﬁtqtlmﬂa|leq0nwnultl -necked

at 4’&91dqro§%lr(ﬂegofﬁ 1é Wit a rAeS%Vw negbo %ﬂ%eﬁﬁkz%ﬁ% D being kept

gof ab were o eore |(:a
r at iabpdf= 7heAertthe exeteing| (spemop! 2y ednute) sthd mintirbievas subsequently

ot et 5 € e e Bl s s lfesd off The solid was
sol wyicenaspeRa&l BY ﬁ@t@f 88 dik elfsécplﬁr gtn%n% f@f\lyﬂlﬁl\ﬁa%ﬂered off. The
4H20 in 50 m deioni zed water, : (NO3)2 6H20

i n Slrerpakgerasriricd dvamnight :etrﬂ&OQCZIngnn\m:(dN@Bgezuemm@Jcﬂmat 400 °C

sol n e ned te

o1 M ey RS KRR SIciRher BOAE RIB R SR frecobiaiged. The

Con’ﬂleﬂﬁﬁilcw tdtiodo Stk WHcti 08 ntal® Quipldyed HNEB)oR th%"ﬂl@pd)r@ material, is
m water and stirred. The solution obtained in

th| Mrigg: M%Aél%sea%ré'ﬂtlﬁ? call ed solution A A solution

called 20 solution Bin the foll ow ng was prepared by
stirring 70.0 g (NH4)2CO3 into 225 m  dei oni zed
Vvat é}atalﬂ'te3 (MCNO0GS SMNE 45Cantil Mo Va9 Al):aTHed sdrwmm S\%re prepared

ure, ensive. stirrin
v hr Gomha ﬂr)fi‘ﬁ?a% i #{éy Pbg@m} Jripniged watst, S & Codndy), - 61,0
dei ‘i’rﬂb’@ﬁﬂ d%hf‘z%d wabe 39@3% Nﬂld@??%) -, 0HTHe ColufibhVere combined

the nmetering (approx. 20 m nut , e mxture was
subgtemmtdnypesatmreram ftiored fof drmherTEe nomclandy niigtusobbtdined was

25 sfllter of f sqlid was fwce .
susgen M%a olytion gros%épg\@%dﬁ&@ o TH BWFtBFaJBi stirred. The
mi ns@ﬁﬁoﬁ bbﬁaﬂfeﬁdn Qhik .walhi@ shbidgéntBakelcwasiutibh od %Vﬁflutlon called
night at 180 Cin air and subsequently calcined at

400s@ution Biip the following afas erepated hyastisting 6.0 2 6VB4)gCOf into 225 ml
o 0gslioB il ™ fheo B Bffton] 18 SACR! Rl Bitadstdbuile at room

the active netals e ase
mat emmperatuies with: ﬁ@enlbb/cﬁdtﬁﬂﬁg Anfy 4 9hkd-nd8Gked3asWQvith a reservoir of

200%(9 SQ%Q%nFZCI/V%?éO?hSe/pOI% %21%2 kept at pH = 7. After the metering (approx.
20 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, 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:ALO; = 5:45:11:39.
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-16 Catal yst 4 (MCNOO70_35Mn_| 5Co_11Mo_39Al1): Three
sol prepared from2.5 g (NH4)6l\/b7024
ool dho i dRhs. bl S water, 11 g Co(N03)2  6H20 rcigoosionons
M deioni zed water and 24 g I\/h(|\|03)2 4H20 in 10 m
dei oni zed water. The sol utions re conbi ned at room
tenperature and stirred for 5 m1 The non 5 cl oudy
mxture obtal ned was corrbl ned with a solution of 50.0
Lé 9H20 in wat er and stirred. The
sol 4%!&5%1(54@89107%3%1131&59_1 1Me | 39y ukee soletgrisedere prepared

|
Fol i g BASIAEORT AL AP oRBegulitn [ £ogy0n: - 6tt0
i Nt an 226 mi dﬁielméﬂ md:rvmtl@m g 'MIC:(N@& SQOHLO Ilt_i)ﬂS Al a¢ieniBed water.

wer ad ed dropwi se at roomtenperature, wt
i nt i spRItios weren@omblﬁ% alr QR CBIPREAWE And @tmp%é% Sy The non-

ar %?cﬁfd‘{'%l&td?é olgl%glteglwag %h&'&ir&&%ﬂ@é Q&utl&h@f Rt g%lﬁ\@b;b 9H,0 in

kept at "pH = e nmetering (appro
m nudas) watenendiskitrad.e mmssohuimsemtmmd in tiis wapds fubsequently called

LF ; tsgﬁaﬁxgnS mn (ﬁ)gtgor{ h le sg ﬁ%gﬂt erfoll goz{nfélr\!v%sﬁér%gared by stirring
di S%r(ﬁEQN?M)ﬁUgrlﬁionﬁﬁf R d@lomz@d eerf '”l'ﬂeeﬁ&‘f:iijsd?ut‘;onsTzi;| %nd B were
filter cake was dried over night at 180 Cin air and
subgdded drdpyvissabicravenl tempet@0OreC with &itensiver stitrihg, iffd erthree-necked
15t cl n ac

obt A1 S R PEaf d Srigfied BleriiBe bRk ap et = 7. Atter
en'phﬁ’é’ﬁ!étenﬂ%%@fbr@)ﬂ 20hBinGteR)) el mikeire rWa@|subsk3§uently stirred for a further

03 = 35:15:11:39. Cataly
( MCNOwP and the sdil algaingd Wﬁﬁxﬁl@mmpffoniéhwlél wasepremceduspended in

‘;Lg aégro %9q\/ﬁ>(e&§§%%wgﬁkéﬁﬁ%omgjoan Oﬁleélecg gt Zgl e\i\iﬁ&eé Fake was dried

The oset nighoats] 3¢ CeinCimndidnmtsajuerntBosaldigedar A0 Cenaidfor 4 h. After
sti r*;ed for 5 The non-cl oudy ni xture obtained was

conhgacing 18- C 8196 Bk Foliwets gbtamedioshhs Wrprotigal ratio of the
35 nLtiVeheald NG bidd. Afhsed  BE fﬁ@' gh&@ AReAhngd MH ot18:ALO; =

way is subsequently cal l ed solutl A'solutio

cal 138l sbl:38-ion B in the follow ng 25 vvas prepared by

stirring 70.0 g (NH4)2CO3 into 225 m deioni zed water.
The two solutions A and B were added dropw se at room

t enEdtalyst S, (MIGN007at 29TV $C6 {INAT):NTwo bdlﬁﬁ’orﬁ were prepared from
t hree- necked flask with a reservoir of

dei 322 oMPk " Fhe ipH sl dgomlzecbtwam apwé 17g 8n(NQskr 4H,O in
th t he ture

e ATHEGRAAANERES. 138 B e T Sl o and
obt atined fcvmmfn | Ty resh-&1biidy mhibx@urd @bsdddvasadnibimed8rith a solution of

suspended in water and dispersed by stirring for 5 mn

and 201 8 HEYO3)3 - 9H,0 in 35 ml water and’stirred. The solution obtained in this
way 1s subsequently called solution A. A solution called solution B in the following
was prepared by stirring 70.0 g (NH4),CO; 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 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
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off. The filter cake was dried over night at 180 Cin

air uently cal ci ned WO 2006/ 050903
PCTW%%%&%S?%?%925 -17 at 400 Cin air for 4 h. ﬂgﬁgpﬂWNOUQE
the calcining, 21.8 g of a black solid were obtained.

The theoretical ratio of the act4ive netals enployed,

based on the support material, is WM Co: Al 203 =

29:32:39. 5 Catalyst 6 (NthDO?Z 23Wn_27Co_11Mo_39My):

Three sol utions vveregre pared from2.5 NH4) 6Mo7C24
4H2@t R0 5@ ipdaircfey by ZaHen e splcimng, 31 g;@? cg sofgpygre obtained.

% Héorgt?dap t1 eoq'tl‘{@ﬁc? Qal g’ 1 e&/'%(a%@&?t e% r aterial, is-
(} l(-}JWBJI er. l%ﬁe UIP (f a?l

el oni ze ons ‘wer e
rooﬂMhﬁhp&b@gaQ@&%ﬁHstlrred for 5 mn. The non-

cl oudy m xture obtained was conbined with a solution
of 41.0 g Mg(N03)2 6H20 10 in 35 m water and

sti r(fﬁQl F@?M%N(bﬁmoiblﬁht #1ECd 1Mb BIML) VRN reb Sol q
subsequeﬁt Iy called™ solTGtiom A A sgﬁgatl on c%unoréls Wete prepare

sol Utima. 5& (NII'H)kMO’f@th éW@Qgn \ﬁﬁmlmeeapaaeéowamgt $1. BrngZa@Oz)z 6H,;0

col P ghaT el e Hutis s BnNRPES B0 T abidRized water

t enpRieaoWtRns WekdcdiiibiaB® bv@ofit !eﬁfp'efb%re'aﬂ& @t1ﬁfed for 5 min. The non-
three-necked flask with a reservoir of 20

dei cigudydningire obtainied Wi domibiredeith agplysien ﬁf 'Al OAE Mg(N©s), - 6H,0
the i85 %ﬂt \Pgter( ?rpcp é’tg'%d 2l%e SO u 1?)5?1 tau%eg 1ﬂ]rtn}%s g\f?a 1§ \é\@bsequently called

subseque rred for a

sol isdludloh aA. n@dscwaﬁorf tdlledrsetitioh B inlthe BROWhgWass pwpﬁed by stirring
suspended in_ water and dlspersed by stirring for

n e f(NHag&Y 1gtor 225mé deiopized wadite Thestven $<égtlorx§v%rand B were
n' gtydd@& dgc%QVlge hprcﬁn'#ﬂ t?ﬂﬂetrﬁcggz ‘%ﬁHFH{tér}én%‘;‘%tB-hggoP?&a a%gpee-necked

In alr cinin
bI adlask &hlhch weedreoio bt a0 ad deibhized hat ethe ¢HI belirgd li:dpt @1f pH =7. After

tmr;? éﬁc% tg)ie rllng ﬁﬁ%&l%%@ﬁﬁwgt Sr%(ijvaggult)s%e Sul st1rred for a further
( SCafiiMaAn& RS s 1RNoBYhiRES SR ARler& OO OT IRP &S dOv ad R@lce suspended in
catal yst prepared were produced after drying and

af t evateraand; dispegsetl by stiringafor §50inGind; filteredhoffa The filter cake was dried

t empapbpifp et TAOLE I SRR R Gt A g for 4 . Afer

pr odhe taltigingD 9Ot 18¢k @ﬂldiﬂ]ﬂ@bbt@ﬂﬂed CTHS HRRbeetickli r@tid 6f the active
1 and 2 After heat treatment (Figure 3 and 4

, the
si zengip S@H@l@ﬁﬁebqsebpn BreisHppart watgsek iy Mndso: MpsMgO = 23:27:11:39.
increased in the nanonetre range, but the agglonerate
structure remai ns conparable. Catalyst 7
( I\/CI\'&EMGLQEBMQg’SB@Otr&Q hijyrosdope) $)hbmgiatphs ofighe cpfamarp@éj)ared were

{AL? grociﬁ fgea%@qrﬂé @ﬂ%gﬁgr 95%%5:& for 2 mat %%IOO"E Zle at a temperature
which corresponds to the reaction temperature. These show that the coprecipitated
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 (MCN0076_28Mn_33Co_39Mg): Two solutions were prepared from
21.8 g Co(NOs3); - 6H,0 in 50 ml deionized water and 18.4 g Mn(NOs), - 4H,0 in

50 ml deionized water. The solutions were combined at room temperature and
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50 mMl deionized water. The sol uti ons were conbi ned at

roo re and WO 2006/ 050903 PCT/ EP2005/ 0%
-18%{)?‘1}'&%@5&#’% 5 mn. The non-cloudy m xture obtain 005/011925

was conmbined with a solution of 41.0 g My(NO3) 2 6H20

in 35 mM water and stirred. The gol ution obtained in

this way is subsequently call ed®solution A A

solution called solution Bin the following was

prepared by stirring 70.0 g (NH4)2CO3 into 225 mi

dei otireéforiamar. . Thﬁmnt@/l@udzy rgmtwmbmn@d wwoslhmdemth a solution of

add at Lur e, nt ensi ve

stir ﬁi né (f\;f\g/@\ﬁ(?%z 61{[’?1? 3 5neckegelf %s%lr\r/ﬁdt hThae Sroélgtéornv%btamed in this
of 204y iglsuieyeentizedlydidhition A kb1 llek @@Ihtlaﬂi Bl tie following
7. After the met ering_(approx. 20 m nutes),

m xtWaAseProResed By isiEmget) ¢ Q4L nky 225 Mﬂ@mrzeé water. The two
and s{)fﬁ%oﬁ?Al Qldcﬁ)gf%laﬁ,n?ﬁﬁe%fo ?xhéet It &n%rflgergtlﬁg vﬁ@ ﬁﬂ:nswe stirring,
en n - wa an ir

tw ce sus |s er
f or ibtord thr&nﬁiec]kbdl flasledithG @bdrvoif o€ 2f)0 Inﬁledel@ﬁkfﬁi wmr the pH being
dried over _night g& 180 Cin air and subsequently

cal ¢icRk@t PH 200 cMier Hhe metring (RPPEE% o0 fpgutes), Yhe mixture was

al
o ey ] pthasingobihpor Al agis ulbg o

on tshbd sugspwide supaadedin watr ah dSpeivgby s@BingFoB89.mib%and filtered

Cat al yst, 8 079 28Mh 33Co_39 ): wo sol S )
wor @by BSALE kB 2164 oy BERDA B0 1B FicyDauently calcined
dei QRispedcvRtLE! forBGh. 1816r Ge I\éﬁfcm&’@ 210 ﬂg%@a'lﬂack%hmwere obtained.
dei oni zed water. The sol utions were conbi ned at room

t enﬁlaxeah@nretlcaih tatiostfithe eafive anetds ginployPebasehor theusdpport material, is

mxt conbined with a solution of 41.0
Oygf?j 238)%? 35 M water and stirred. The

solutlon obtained in this 20 way i s subsequently

called solution A. A solution called solution Bin the

f ol 1eAtRrREt W CPY0832., 288 1m,33G0 3PMey Fwoosadutignerratrsepared from
200 4 d N i

wer e adg%d Edr ogvvl ésﬂgb:{n Sroogl%d%%n%gg g{aﬁeﬁﬁﬁgﬁwg%&om 4H0 in
i nt erfdlsml edegdnizedi wgter i Titeoscdutidus eger exinédndd atskoom témpgerature and

reser.voi.r. of 200 dei.onized water, the pH heing . )
K ept sti ng 'gcﬁ LMy Tlm: eTeTeR cl{)“iy B TREE; oﬁéal?%lg\wsgggm%@fdgwlth a solution of
ni mmeos)g Mg@@om XGHE@ 11W@§ rPw P EEAMERd. YT §d10sh $mamed in this

a further mn and the solid obtained was filtered
of f .waghie Sub&@nu@tbmllﬁdr\ﬁdeh@uépemsltddtwmcallaﬂ @plutio B in the following

di sper sed b i rrin 5410, and r of f. The

Fi 1 o Bngtiay il 400 N 3P HloohE ionigt wgf The o

subseaitieas [AYarkias tlefesideddrd¥sati rBordi ttmpétatutle, RvithhteBbive stirring,

the calcining, 16.8 g of a black solid were obtained.
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
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

Mn:Co:MgO = 28:33:39.
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The theoretical ratio of the active netals enpl oyed,
bas upport material, is 30 M Co: MO =

o o o3 DR 050005  PCT] EPPO0S) 011625 - 1 TCTER200SI01IS2S
Exanple 2: Growi ng of carbon nanotubes, fixed bed,
| aboratory The catal ysts were tf ted in a fixed bed
apparatus on the | aboratory sca For this, a
defi ned anount of catalyst was |n|tiaIIy i ntroduced
into a quartz tube having an 5 internal dianeter of 9
mm Exanipe 2eGrewing efxarhomhpanothbes, fixedihed,dabenatinym
The tenperature of the heaps of solid was regul ated
via a PID regulation of the electrically heated heat

t r arHeatalfRel Wéke tdfel PRI ded afpLhtut BR teAbbdri®ly SQRP For this, a
or of the catal %st/nanotube m xture was determned b

a t Hefipert emonat @_ edtalysldwas inifally Némdu%rth ac@Arz| @by%lavmg an
Edu%ﬁt gﬁ?% Mn@ Idm %Hi lflteht%El] ?r?asf V‘ﬁ}[? t?ﬁgfér%gdlum The
t he 8rea or via e ronlcal |¥ e

r eguerdperature Diethe alicaby sdf sidpvas regsﬂaedfvlasi HPat&@ldtidon of the
a stream of hydrogen and inert gas. Wen the desired

t enpFeicHiGH ¥ haaled heal drasfer medivay athe R etiwre Ahithecrrialyst heap or of
on i
o LSRR B U (BG83 LR rclosed i
adj us¢reduartz cdgiDariyl I\Ed\ucm -gasesCinar gieriglibitioh @se:saWaﬂey;satssed into the

\g:ct ffle%fthe-rzglgurﬁ ?ﬁﬁ'[%a Vﬁztrg@?d; ed qut ng% agqrés he catglyst samples

deaq{féryaﬁﬂspﬁeﬁ’cfedtlhea Citfediny 8t hydrU%@ﬁ e&'i‘ifdt fifert Eike m&ptthe desired
of carbon deposited was determ ned by wei ghing.

st r emperatush wasroeashes, dgt‘y edfct lgh%W@aSWUﬁhedeposTh@dol\was ratio of the

determ ned with the ses

oo HRCGRS el W 4E st By Arp a0 TR RENALFGE ow s adjustea
enpltey €d migalihtdChlaging ¢fl tHe bdlal&ﬁ&vﬁ}ﬁihle(éﬂhﬁ%asé&aﬁas carried out for a
defined_on the basis of the weight 20 of catal yst

af t engg|ofi 90nL0 mEmtteso ps anale wa to sempleie deastivatiqpnef the catalyst.
?f t efhe?&?tef et‘?l?tdn?c{hn 'Btftcéibonn'ﬁg)to’s&%d whk ch I tmed ‘téy tVY]elghmg The

tal - ncat’, 0) / ncat chi rat
i NVeuctore aucbmogmhodacrgyl of ﬁxh&afhmhldepbmg:d Wwis @Eﬂéhlbﬁecsﬁlﬁh the aid of

that taI ysts I\/h Co- Mo npounds del i ver
hi g —PI%M # F%s hejagpuat ?Ef QE%P%HS?QJS&F; sgd on %he catalyst

cat Eﬂni/;ﬁé e@; cMEHQQZ %wlf hiDihe SoHowiny! RAOHOHARM @E basis of the weight
cat al yst™ 6,

of catalyst aﬁer calcmmg (mcat0) and the increase in weight after the reaction (mygr-
Mcaro): Yield = (Myota-Mear0)/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.

Figures:

Figure 1 SEM photograph of catalyst 6, MCN0072
Figure 2 SEM photograph of catalyst 6, MCN0072

Figure 3 SEM photograph of catalyst 6, MCN0O072 after calcining for 2 h at 650 °C



Fi gure 3 SEM phot ograph of catal yst 6, MCNOO72 after

cal ¢j Qi r.-2 h at 650 C WO 2006/ 050903

PCT%%@%@;‘%E%S -20 Figure 4 SEM phot ogr aph off CT/EP2005/011525
catal yst 6, MCNOO72 after calcining for 2 h at 650 C

WD 2006/ 050903 PCT/ EP2005/ 01192;0 -21- poz wo"Cl

bOct NONQLN 00U bD Cp“"O- NNNNOX -- X

XX MXMX Mx M OvOvO'vO't OO0 aNO x
O-x01xDLlxQ xQ xUUCU Uouuouo plL

ad voCcCoOoOOOOkn V) knV) W acCOw cd G+~+ N

00 l\ﬂ‘iéﬁl—rel\ﬂ MEM plg)o%g’\rla% 'o\% cl\alltzlhlyst%, )MCIEO(%Z after calcining for 2 h at 650 °C
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PCT/\wB208kAs0d3 925 -23 Exanpl e 3: Conparison exanplfgpioosniiszs
of preparation of the catalyst Catalyst 9

(MCNO063_52C0_9Mb_39A1) : Two sol utions were prepared
from2.5 g (NH4)6M7O24 4H20 H_ 50 m deioni zed

wat er and 36 g Co(N03)2 6H20 i% 50 M 5 deionized

wat er. The sol uti ons were conbi ned at roomtenperature

and stirred for 5 mn. The non-cloudy m xture obtai ned

was Exymplkdd Ganparison sxamplas of prepnratign ofithenaagylzst 9H20

in 35 M water and stirred. C oudi ng was di ssol ved by

dropwi se addition of dilute HNO3. The sol ution

obt A atatyst B (M@NOWXSZGO NNI6 3Rt Two sallifi@d weso IpthiatHl from2.5¢g

he fall
pr emﬁ{ﬁ?ﬂ i‘ﬁg‘ g "#télf”gg{jf%@ h%ze&ﬁol 0&“@@ ‘fiH20 in 50 ml
5 dei Qf&c?rﬁ?ed‘"@&t%f THS @mhms%%rutcb&%ﬁwé AR REbrB AR &atu?edgﬁdstmd for

dropw se at room tenperature i ntensi ve st| rri
i nt & mimulThe noeckady mxxwrd -obtinainwes dmisikedviwtith asolutlon of 50.0 g

resS{‘_}\(ﬁUé)zonJ% Olnﬂﬁ Oag%rlzaﬁla S(‘Rﬁg &o@cgeé) E‘iagﬁisg ye gfdropw1se
t he Jiditidar & e SNOE qyﬁé"&élﬁtmﬁ&lbtﬁfn@&* 11’; 9{15 @vafy% fsﬁ'c%%q&ntly called
mn and the solid obtal ned was [tered The sol

was seBitioni Se A selpton e@llqdrﬁo\hmoerB amdledf0$1pmr@‘da$)prepared by stirring

105598 AP 2SS PR T oADK 5 v

Ca| cidded! dadpwiie® aCrodnlil téhperhtdfe, 4vifh iédsere §thﬁng, into a multi-necked
cal cinin 12. 3 of a black solid were obtai ned. he

t hedPBRg- gatltorrl%é flaskowith paesgptoind 206tml @el@rnmdo\y@tgr thesld deing kept

o, SR B g Bpy S NATE . e Ay
vver estipred far @edfufth@ns 4fn gind fké NOIR) 8bta&b€@dsl’ﬁl€éﬂedﬂ)ff. The solid was
10! Ghahunten 05,0 IOSE gereotm st T
t eNPRER cHkEwaH Brisd b¥ e @bt @F 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:ALO; = 52:9:39.
20
Catalyst 10 (MCNO0064_40Fe_20Co040Al): Two solutions were prepared from 40 g
Fe(NOs); - 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 Al(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)2COs 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
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m n. The non-cl oudy m xture obtained was conbined wth

a S‘W{J%&ﬂ) @03 20-0 g 25 AI(NCB)3  9H20 in 35 m wRLGL, 05011925
and s irrea. %:I oudi ng was di ssol ved by dropw se

addition of dilute HNG3. The solution obtained in this

way i s subsequently called SO{ME%i on A. A solution

called solution Bin the foll owhg was prepared by

stirring 70.0 g (NH4)2CO3 into 225 nl dei oni zed

wat er. The two solutions A and B were added dropw se _
at rooyn eednpls salid ebtaied nvasfiltened of. sthe sdlislgwas fwise suspended in
three-necked 30 flask w t reservoir _of .
dei gﬁﬁté}eﬁlﬁmﬁwggﬁedt eslﬁﬁﬁ %golrﬁgm ne%}d AL’ iepf:t'zg[%eﬁjfl{eélpake was dried

t he ovet gighng I8APY i@air 2 stbssduesly cdléifedavd00r°€ Wasr for 4 h. After
subsequently stirred for a further WD 2006/ 050903 ,
PCT/tEpogloming 16858 of ambleckisplichingra pltaingd dlhspthgergden! ratio of the

.l i ' ded B _ 4090
vor PO 8 bl B S bR ERREALD, g0
off. The filter cake was dried over night at 180 Cin
air and su?ﬁgﬁﬁﬁl calcined at 400 Cin air for 4 h.

Aft dratabb LRGN0, T3k aMp Briral MG L09s Bugb MG70 from Sasol
obt aj,&g guspgﬁ@edgiﬂq(?ﬂ’(ﬁ);dqpé’éioﬁi%d \Qa@{ aﬁdqlgllca §u|ﬁ>§h§i¥§ WEES@r&d at 75 °C

enpl oyed, "based on the support naterial,
Fe: dor 2h208 aHowed 20cotl. ThédpHavasstdjubted to pH=9.4 by means of (NH;)COs

(MCNOQ38 13Fe 4Nb .Pural MG70):. 100 Pu fr .
SasOPIUTGET o 'GT SRR PLostis fPAEs e iR enr | Ak in 40 mi
t he ®UTRAASIAE a4t Fe(Ner),aloHID ifr 135 A1 RidhiRBMater. The solutions
all owed to cool. The pH was adjusted to pH=9.4 by

mearvéerg fcopiigyl Gogodrn tsoperatuss andrglirrebFartl ons, andr then slowly added

8 gsgﬁ{ipigaé \{,\9; grz-”ugarl] gu%’%lﬁsmglgrge%ﬁ‘%;\l’\gnég%gﬁ (Hﬁ %@E}a'l[ll below pH = 8.95.

dei viktefiflg Weds &arriein@utSdlettal gufidd oFEY @ ANtk RidtRt WwaRMbsequently
tenperature and stirred for 5 mn, and then slowy
addedrred deffusier b by Hlhesyprension obtairgdon thigwvayrig sultseeuently called

the SBH)qulSIGI‘l N0t ATsBlukioR %%llgégf sg)F!ltig)nﬁS glgtge tf(#\]{gotvﬁ]ﬁé( tuzg? é@e\%grsed by stirring

carried out over a per
subs®fue gt (VHAEC Q4 iimto ef20® mladdiomitzéd waterh. SThueion B was added to
suspensi on optained, in this way .is subseq,uentlﬁéﬁgﬁl | ed

suspERTEAN A 2hI08) IRORSFATRLS) P IBISPSIVS STBs; e metering, the
f ol | 9iwhire WiaSsuBERpaABH stifed Fdr' 4 ii¥eher A0Mhif alld (tf}klg%jlmtained was
added to

into 1,200 m deioniZed water. Solution B was
sus el AThe selabwes sagheddwigesyiti2t5h § Ntamsoniem acetate solution

stirring. After.ihe tering,, the .mx JMas .

subseéth}b gﬁ}er y{‘%et ﬁtt?rect?g &asad}%ﬂrc}vﬁé f“@ ﬁ'{ ﬁ&gn@?’? (I ang supsequently
obt alalettdw@a0@eC fin hit esreth Ohfter e arMihg 1089 YBshR[dish solid were
twice with 2.5 11 N ammoni um acetate solution each

t i meobtampgd. £ j Thee thegrgtisalnsatiog riasetl enetheningtallicatelensdtsCeinployed, is
ai r mog,supsgauent |y

Catalyst 12 (MCNO0022_40Fe_60Al): A solution was prepared from 34.4 g
Fe(NO3); - 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 HNOs. The solution obtained in this way is
subsequently called solution A. A solution called solution B in the following was

prepared by stirring 63.6 g Na,COs into 600 mi deionized water. The two solutions
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calcined at 400 Cin air for 4 h. After the calcining,

107 vgogoo%fo ol eddi sh solid were obtained. The PCT/EP2005/011925
t heor et caf rati o, based on the netallic el enents

enpl oyed, is Fe:M = 13:4. 25 Catalyst 12
(MCNO022_40Fe_60Al1): A sol ution S prepared from 34.4

g Fe(N03)3 9H20 and 99.3 ¢ N%%B)S 91120 in 350 m

dei oni zed water. The solution was stirred at room
tenperature for 5 mn. Couding was di ssol ved by

dr opwiaBé Bawrgra adsied glropivise kb requotemprnetursp With ig#ensive stirring, into a

obt 3}{1\518% lgedtll?)lug W?Xofngd %]a:fks qﬁ %ee%l g‘fahb(nﬂ deionized water, the

sol i on ASO I'on ca

f ol |p}{/\lbélgg\&@pt atpsie par ed Rﬁeﬁﬂlbﬁﬁét@@ng@&p@rcgi 198 26idates)) tthe mixture
600 mM deionized water. The two sol utions WO

2006Y3500tgupy stred doy o furges 60 mipgnd Heaodid pbigdned was filtered off.
add elqled{oﬂevufa?sewgghea Q L Rl %agéru;{teBO t H‘hla rﬂlgp%%lgeg r(vas dried over

stirring, into a nu © Neck round ot t one
Wi t hllgltrae§9r°€0mramﬁnd2ﬁ)ﬂ)saquedﬂy ealcined andte@rrC ihlar fopld h. After the

b Kk = 7.6. After th . 60 _
sy b e arliaCsolf wetadtinght The dfkorstioal fie of the active
f ur th&kls @lem}‘éd anded Q&t}é%g&%rpmaéhaﬁ% Mg, fd1) (5391 &g 20:40.

5 The solid was washe wice wth water
The filter cake was dried over night at 80 Cln air

At SHREEIZIMENBRT 958 o s Rvd onie e prepared from
obt aired (NHigMobeqr aiH,08h zrsatmlode%miéaa»«ﬁeﬂ an\dez45n§té(t\@3)3 9H,0

enpl oyed, based on the support nateri al
Fe O 2A0 g(ﬂglemmzpdz@am The s@gtlmsy\g@re jpgmbmed at room temperature and

fr om g%%ép:ffﬁﬁl%@gﬁg?&y pewsol é%g’%rﬁ Lbdgl gﬂ’ft B Stained was

wat &bnm_il_lﬁdMﬁlll @ Sl (391345 Qr;b%mo%j)p 50N 3 mmwa@&l and stirred.
wat e e SO tlons re co | nNe at roogmte erature .
and CIQJIRE oty dsselved badrastits pddpen gfuddute THRO;. The solution

non oﬁblté?ﬁ’éiilyln%%qus ‘?Llﬂrt&lr @Ql‘ijedv\@)%tloﬁoﬂb n& tYHntclall@d solgtlon B in the

solution of 24 9H20 in 1 wat er an
sti rfpkmwnzSW&H pmpawg lvwstlmr@sbm/@e(g B)H{@ﬁ@@_wume 1,050 ml deionized

addltlon dilu S obtained in
et iy e S sondionbay pad BupG e ook dbors ermperature, with
cal lig@nsiod @tiiriiy, BntoNa th@ti- rfe@fcéd‘)%d?ﬁ %@t%nﬁﬂeﬂ?ﬁke\gltﬁ’ya reservoir of
stlrrlng 350.0 g (NH4)2CB into 1,050 m deionized

wat dr0 mmbdqlngbwaner dhe I being i8phet i sddedftdr thpwieteing (approx.

mut ¢ EER 8 il b bR e o 4 by o i he sola
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
a black solid were obtained. The theoretical ratio of the active metals employed,

based on the support material, is Fe:Mo:Al,03 = 50:11:39.

Catalyst 14 (MCNO0044_8Fe_1Mo_1Co on Pural MG30): Two solutions were
prepared from 0.1 g (NH4)sMo07024 - 4H,0 in 5.5 ml deionized water and 4 g
Fe(NOj); - 9H,0 and 0.275 g Co(NOs), - 6H,O in 10 ml deionized water. The

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



20 1,000 m deionized water, the pH being kept at pH =

6. AlbSboed3fogdEt €71 ng (approx. 90 mnutes), the peqrpprggsoirezs
m xture was subsequently stirred for a further 5'mn

and the solid obtained was filtered off. The solid

was tw ce suspended in water anq di spersed by

stirring for 5 nin and filtered 8ft. The filter cake

was dried over night at 180 Cin air and subsequently

calcined at 400 C.in air for 4 h. After the calcinjn%,
99. Jeyperture Qnpthirdoldhe nep-glopdy eMutemeliaingthwas applied by means of

t he ' J ; ' oved, .

pas A BishF el hBterbllfn 273 ¥ BullFMR 3, SRS YR dried betorehand for

E/C[)% (1)411:1 3918(131I.|<’:1A3f1$t diyding fACRQOA4 ereaahgﬁgﬂﬁguem cEMirithg in air for 3 h

: sol utign re prepared fromO0.1 g o

( N»—léfg‘ é‘n@g%&he Eﬂ%nqs%\g%%e sRlulen efitsigmemetal iogp qvas agplied in two
5 dei ot Dl eRe S Endion A the P AR Eng MBS e Miaffica ratio of

t enpbe atuve netals stiptayed, based Dnntha sapporbaratéfdl, is Fe:Mo:Co:ALO; =

200%&93%%?3 PCT/ EP2005/ 011925 -26 tenperature. One

t hi r'd*of”*t he non-cl oudy sol uti on obtai ned was applied

by means of incipient wetness inpregnation to 20 g

Pural M330, which was dried beforehand for 4 h at 180

C. Axampldrh/ComphavisorRexanaple b GesGng watadysbsincuBixed bed
10calcining inair for 3 h at 450 C, the remai nder of

the solution containing netal ions was applied in two

5 f urieneitaigse! slggied iupEreBR@hpIOM wbiry ilikewaRdte§idl Gh NthBaboratory

steps. The theoretical ratio of the active netals

enpl qpy@@,tustﬁé@gcr&?dtqq}éersﬁwlg 2palher yiglds of garbon nanotubes achieved

Fe: Nh. Co; = k1 9 I rison
exanl\% gggﬁ%%ggi lﬁlg%%bé? fjﬁ'ys hseE%%ﬁg ?1? ;ﬁléegg%g@m 115633[{%(1 there under
cat aiog&jaﬁawﬂﬁba?digdnwﬁﬂey Mﬁtbn&r%i@éﬁdabﬁy\ﬂgsger thém the yields
t est LN .t aboratory apparatus as described under
15 Exarf%lsg‘bffi % a’;’i‘Pquds of carbon nanotubes achi eved
are summari zed in Table 2. The yields of the catalysts
prepared there under conparable conditions or by
precipitation are significantly |Iower than the yields
15 described in Exanple 2. WD 2006/ 050903
PCT/ EP2005/ 011925 -27- O
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PCT/ EP2005/ 011925 -28- Patent clains 1. Conposition
conprising Mh, Co and a support material, which
CoONPitelGelaiges and Mh in anounts of 2-98 nol % based on

the content of active 5 conponents in netallic form

2. Conposition according to claim1, characteri fzed in

that; it - kS My, .10 3. Use o . :
co nplds it ?g%é}’%%r : |mn%£$}ggo ?:\)I[ naie(?ﬁ’ 04, & HppYt )%aﬁgrlq‘l’o‘r“’hicﬁecompmes
product i ofo aind ®ar hoamoaamst sfhess holRl BegdSohn Qhe Bftent of active
production of carbon nanotubes, characterized in that

S conposi t i GRYoReRd iymgllicdfornai m 1 are enpl oyed as

10
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catal ysts. 15 5. Process for the production of carbon
nanot ubes having a mai n di aneter of
2. Composition according to claim 1, characterized in that it additionally

comprises Mo.

3. Use of compositions according to claim 1 as catalysts for the production of

carbon nanotubes.

4. Process for the production of carbon nanotubes, characterized in that

compositions according to claim 1 are employed as catalysts.

5. 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.

6. Process according to claim 5, characterized in that light hydrocarbons, such

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

7. Process according to at least one of claims 5 to 6, characterized in that the
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.

8. Process according to at least one of claims 5 to 7, characterized in that the
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.



5

10

from3 nmto 150 nm by deconposition of a gaseous
hydrogagdemgedssy @ heterogeneous catal yst accordi fg 005011925
claim1l. 20 6. Process according to claimb5,

characterized in that |ight hydrocarbons, such as

al i phatics and ol efi ns, indivigggtly or as a m xture,

are used as educts. 7. Process cording to at | east

one of clains 5 to 6, characterized in that the

process is carried out continuously or ) _

di sdont i rfcAsbe) Yanogubss phignablepydhe ppsesgiagesdingrioolaimny/s to 8.
relating to the catal yst feed and the renoval of the

carbon nanotubes fornmed together with the spent

cat dl0yst .Uss. ofPthecesborn aamtabe’d cactordadg toealaim GnNén @blymer composite
claims 5 to 7, characterized in that the catalyst is

i nt r oduc SRIFTS GEFARNIE OF ARStR)FoRIPRtR MateRals fop pppioming the electrical
whi ch the, R0medii ti Nerco N .

are addedrgg oxidgépmgar ?%*%?&aggﬁﬁrgﬁg#ﬁmgégﬁgg% @%dummm'Of
as t he hydndudtide. cOANG00Hd GEOPOStePIBtITAR) G5/ H) HYORBAT, in batteries,

-29 9. Carbon nanpt ybes, obt ai nabl e t he process
accordin gfaP%f“@Fsai ‘ﬁ%olll@' St ((9'%_. f?ai 0iereg8 e‘Bé?laXSPI or clé?‘l%_nas a field effect
nanot ubesraagieRr tsng stofagtAddiu d.8 fQPhYdr%g %enC Sin membranes

materials, ceramc or metal conposite errals tor
i mpr ovi ng-& Her phmieation adf gaSespms alvatalyst oc emdlmppantt tyaterial e.g. for

and nechanj cal properties, for th r.oduct i on of :
conduct i \?%{_ag’glgta ﬁ%gag&‘é%aolgg?ﬂfggs! inegq?%fl%_ i ffiongginyfuel cells, in the
dyest uf f ;mddicd)aédi6r d. €%as a RARRTbE @nfrollHigIRE B6%tk 8f Eell tissue, in the
flat screen displays) or lanps, as a field effect . _
transi st 6Hagnastics sSEioF £ asedmarkes. 4nd fochemien] cgdrphysical analysis

[ithium ?ﬁggﬁﬁg e. g for purification of gases,
as a catéFgS or agfgngﬂ%g%?¥8%%$erial e.g. for 10
catal ytically active conponents in chem cal reactions,
in fuel cells, in the nedical sector e.g. as a matrix
for controlling the growmh of cell tissue, in the

di agnostics sector e.g. as a marker, and in chem ca
and physical analysis (e.g. in scanning force

nm croscopes).



