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An adsorbant wide pore (preferably mesoporous) carbon having a very regular arrangement of pores and consequently
pathways defined by the pores have low tortuosities. The carbon comprises a form-stable assembly of carbon particles in which
the particles are closed packed arrangements based on cubic and/or hexagonal close packing. Also a method for making these
carbons which comprises forming a colloidal dispersion of particles of carbonisable polymer and depositing the particles under
conditions such that their mutual repulsive forces guide them into a regularly packed deposit. The depositis at least partially de-
graded torender it form-stable and then it is fully carbonised to produce the adsorbant carbon. Preferably the deposit is heated to

700 to 30000C to close micropores and sinter contiguous particles.
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Mesovorous Carbons

This invention relztes to mesoporous and wicder pore carbons which
are useful as supports for catalysts or zs adsorbants for larger
organic molecules, for example aromatic molecules. It also relztes __

5 to 2 method for mzking mesoporous carbons.

Hitherto adsorbant carbons such as activated charcoals have been
made by carbonising for example coezl, peat, wocd cr coconut
shell to preduce a predominantly carbon subsirzte and then treating

the substrate with an oxidising agent to crezte adsorbant pores in

)
(o]

the carbon. Pores created in this way have z wide variety of

. K4
sizes ranging from micropores (ie having dizmeters well telow
2 nm) through mesopores (ie having diameters of from 2 to 80 nm

or more conventionally 2 to 50 nm) to macropores (ie having

dizmeters well above 100 nm). Neither the size of pores crezted

)2
w

nor the distribution of pore sizss can be pre-determined accurately
because z continuing treztment by the oxicising agent not only
enlarges existing pores but it also crezies new micropores. Accurate

pre-deterninaticn of pore size and pore size distribution are

Q.

important because both influence the serfcrzznce of supporte

N
(@]

catalysts or adsorbiion reacticn.

L

5 -~ At £ mm s A oL =~ - S lme Avn  mdede o
ish patent specificzticn 1 336 TiS zescribes zn attsmpt to

o

ri

reduce mescporous carbens having z tre-ceterminable narrow range

Q)

f pore sizes. This is dcne by rackinzg particles cof

o]

ot

or cnannel black in a pelymeric binder sz thzt the spaces between

adjacent packed rarticlss zre cof mescoorcus size. The binder

ny
U

is
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then carbonised to render the packed assembly form-stzble.
However, the pore size and pcre size distribution obtained In this

way are not accurately pre-determinable partly because the particle

um

sizes of carbon Slacks vary over wide ranges even after sieving
and partly becéuse G2 1 536 715 does not proviaee means for packing- =
the carbon particles in a regular aséembly. A further consequence

of irregular packing is that the pathways created by interccnnected

pores are ighly tortuéué owing to the irregular location of the

adjacent particles which define the pores. EHigh tortuosity inhibits

the flow of moleculss through the pathweays. Also in practice high
tortuosity restricis the size of molecules which can flow usefully

to below the mexirum size of *olacule w“-cq would thecretically

mzke a clezrence fit in a paihway.

in object of this iInvention Is to provice an adsorbant wice pore
(especially z mescporous) carbon comprising a more regulzr assembly -
:cffégfboﬁrﬁarticleSvso-allowidg more- accurate pre-determination of

the size end size distributicn of the pores and crezting less

tortuous pathways of interccnnected pores. & further otbfect is

to provide zn adscrbant wide pore carben having & cre-determined

degree c¢f regularity. Another object Is to provide z method for

meking such adsorbznt wide tore carbens znd to provide = method

for pre-cetermining the degres of rezulzrity in the zssembly of
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hfcecordingly this invention provides an adsorbant wide pere carbon
50 ccaprising a form-stable assembly of a family of contigucus

spheroidal (preferably spherical or oblate spherical) carbon

particles wherein the surfaces of adjacent centigucus parsicles

define interstitial pores characterised in that

g)  ithe maximum dizmeters of at least 90% (preferably z: least

]
ct

85%) by number cof that rarticles of

U
wn

he family lie In the
range 8 to 3000 (preferably 50 to 400) nm,

b) the root mean square deviation of the maximum diams-e

*3

[72]
'Q

h

the particles of the family is less than 15% (preferzhly less
than 5%) and

6C ¢

n at least one zone of the adsorbant carbon, particles are

(B

close packed to an extent that the volume of inters=itial pceres

in the zore is from 18 to 30% (preferably 23 to 28%).

O0ften when such a carbon is provided with a smooth surfzce it is

hY)

very lustrous which is indicative of the regularity of ==z carbon

(@)
(9 1]

particles in the assembly which in turn impiies a low tecrtucsity

¢l rathways creszted by interconnectad interstitial cores. The

[ER

ve variztion cf the size of the particles.

Cicse packinz of perfect spheres is defined by £.F. Wells in ths
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and 133) published by the Clérendon Presé of Oxford in 1675.

The contents of these pages are herein incorporated by reference.
Briefl}kspheres pack closely in two basic arrangements, namely
cubic close packed or hexagonzl close packed. The surfaces of
adjacent contiguous spheres define two types of inter—connectéd
interstitiz éores, namely cuspidate tetrahedrzl or cuspidate

octahedral pores. The size of the pores is characterised by

the diameter of the largest sphere which can just be accommodated

in the pore and for a tetrahedral pore this dizmeter is 0.255 d
and for an octzhedral pore it is 0.414 d where d is the diameter
of the close packed spheres. Access from one pore o an
interconnected pore is via a cuspidate triangular window or
foramen défined by the surfaces of thres contiguous close packed
épheres. The useful size o{ a foramen is characterised by the

diameter of the largest sphere which could mzke a notional

clearance fit in the foramen. This dizmeter is 0.155 d. The

“

useful size of a foramen is z dimensicn of major imporiance in

or-affect-on:the ability of material to diffuse

<
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into and out from the interstitial pores. Full
packing may cczprise essentially zll cubic or zll nexagonzl close

packing or z zixture of the two.

The volume of <he interstitial pores Za z cubic or hexagonal close

backed assembly of perfect spheres of egual siz
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6% of the to:tzl volume of the assembly. If ccntigucus perfect

ny
K

spheres of equal size zre packed with increasing randomness, then




WO 81/03167 ' PCT/GB81/00076

the volume of the interstitial pores increases. When they zre
packed totazlly randemly, the volume of the pores reaches a
theoretical maximum of 37%. Hence the volume of the interstitizl

peres is indicative of the regularity of the packing. Volumes
is disrupted or if the shaperof packed particles varies from
scherical to spheroidal. Likewise volumes much less than 26%
czn occur if the shzpe of the packed particies varies frem
spherical to sphercidal as may occur if the particles are cdeformed
105 at their points of contiguity by interactions which xeep the
assembly Zorm-stzble. For example sintering together of adjacen
particles mzy cause theQ to become oblate and in a trree dimension-
glly sintered assémbly, particles may pe oblate about mutaaily‘
crihogonal pairs of poles. Preferably any reduction in the volume
110 of the assembly anc hence of the pores brought about by éuch
sintering should be less than 25% of the voiume achieved with
erfect shpereé. idjacent paffidles may Zlso be held together by

chemical bcading izmeluding van der Waals' forces.

Zefects may ccecur in the structure of an assembly and so pore voluce
1i5 =zy only te characteristic of one or more zones of an zdsorbant

czrbon.

~ modificaticn of the invention, the regularit
~sruptec o an extent such that the volume of the ir:

tc 20% of the volume of the

kN
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(=2

120 which a pre-determinable disruption can be achieved to

introduce one or more extra families of spheroidal carbon particles
into the assembly, each family comprising particles having the_

szme rangé of maximum diameters and the same range of root mean

sguare deviations of maximum dizmeters as specified fcr the ' i
125 unmocified invention but wherein the number averzge =z=ximum

dizmeter of the particlesof one family differs frem thzt of any

other family. Preferably the number zverzge maximum <iapeter of

the largest family (ie the family comprising the largest number

-,

of particles) should not differ from that of any cther family by

130 more than = 30% (especizlly Z10%). Preferably the n:merically
largest family should provide at least 85% (more preferably 95%)
by volume of the carbon in a zone of the adsorbent czrbon. By
introducing particles of one or more pre-selected diffesrent ranges

of size into the assembly, the regularity of the assezdly can be

135 disrupted in a way which is to & large extent pre-determinzble and

b

(=

n particular the.dézree-of tortuosity of--pathweys in z-zone-ean be
varied. Also the introduction of dissimilar particles ccmplicztes
the close packing arrangements by allowing hybrid closs packing

arrangements as described on pages 131 to 133 of the took by Wells.

[{}]

ks

} - . . P N N - s
140 This invention also provides a method for making a wid ore

edscrbant carbon charzcterised in that

a) 2 colloicdal dispersion of a family of sphercidal (preferzbly

spherical) particles of carbenisable organic polyzer is ;ormec
. ;: A U
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in a liguid wherein the maxirum diameters of at lezst g0%
145 (preferably at least 95%) by number of the particles of the
family lie in the range 10 to 3500 (preferably 58 to 230)

nm and the root mean square deviation of those maximum

a9

diameters is less than 15% (preferably less than 5%),
b) the particles are caused to deposit from the liguid znd

150 a packing force is exerted on them,

c) the deposited particles are heated to = temperature which
is below the softening point of the polymer but which is

high enough to cause ztf least partial degradation of the

polymer and thereby create a form-stable assembly of

[
w
i

particles and

d) the form-stable assembly is hezted to ensure complete

carbonisatien. of the polymer.

The particles may be caused to depesit from tze liquid by for
example centrifuging the dispersion in which czse the packing

160 force is a centripetal force or by evaporaticn of the liguid in

(0]

which case the packing force is exsrted by the surface tension
of' the residuzl quantities of liquid just prisr to completion
of the evaporation. Yet a further methed for causing the particles

to depesit comprises foreing the liguid throuzh z porocus mezbrzne

[
On
192]

by means of direct hydrostatic pressure. The particles zre
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Geposited and packed on the membrane. It seems probable that
provided the particles are speroidal with maximum dizmeters of
less than 3500 nm, then Brownian motion confers enough mobility
on them while in dispersion to enable their strong mutual

pulsions to guide them towards regular assembly under the

influence of the packing force. The packing force may be any

compression which does not destroy the particles. For example

it mey be as low as that generated by their own weighi but

cr
[(]

on

n

0]

typical cempressive forces used when generated by surface

are from 2% to 40 bar znd Sypicazl compressive forces used when

generated hydrostatically are frem 1 to 100 (preferabliy §

ct
(o]
(03}
U
g

bar.

Provided at least the partizl degradation of the polymzer is
performed zt a temperature below that at wh;ch the polymer scftiens
so that its particles are substantially deformed, thern the deposit
can:-be:mace suffieiently form-stable-to permit -full-carbcnisztion
of the particles without mzjcr unpredictable disrupticn of the

regularity of the assembly. This form-stability of the degraded .

particles is enhanced if the polymer is capable of ercss-bonding

even if cross-bonding cnly cceurs as z result of the cegradaticn.
Generally cross-bonding will be chexzical cross~linking but i: =z

also be fcr example by ionic zttractica or by crystaliizte fermztion.

£y centrifuging carefully (for exzmple using speeds cof

revoluticrs per minute and &z radius ¢f revolutiocn of

wmn
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190

195

200

210

slow evaporation (for example evaporation carried out at lezst
9°C and preferably at least 40°C below the normal boiling peint
of the liquid) it is possible to achieve z cubic and/or hexzgonal
close packed assembly. By depesiting under progressively more

disturbed conditions it is ~possible to intrccduce increzsin

o

pre-determinzble amcunts of disruption into the deposited assembly
which can be retained in the fully carbonised aﬁsembly. Controlled
disturbance can be achieved oy for example cenirifuging a partizliy
flocculated colloidal dispersion such as occurs when small zmounts
of electrolyte are zdded to a charge-stabilised cclloid or when
in the czse of a sterically-stabilised c¢clloid, the cecmpositieon
of the dispersing liguid is chang ged. Alternatively controlled
isturbance can be cchlevea by ev:poratlc at temperatures

progressively nearer the 901lln5 point of the liguid.

A further method cf introducing pre-determinztle disrustion into

‘the’deposited assezbly and hence -into the cerresponding carbenised

_——s
assembly is to use a polymcdal {preferzbly = birodal) colloi
dispersicn. A polymodal dispersion cczgprises two or more fazilies

of spheroidzl particles ezch family heving a nuaber average
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way an even wider range of pcre sizes czn he croduced.
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Preferably the carbonised assembly is heated to a temperature o

215 from 700 to 3000°C (especially 1000 to ZOOOOC) to clcse micropcres.

Y

The cclloidal dispersicns may be prepared by conventional

cr

echniques including ultra-sonic dispersion or polymerisation in

FOPAIE

the dispersing liquid {(which may be aqueous or non-agueous) until

colicidal particles of the required size have been crown. Whers
> (=3

)

220 necessary the dispersicn mzy be stabilised by the uss of ceolloicd-

sizbilisers (sometimes known as protective col loids), for exampie

s

a biock copolymer of clystyrene with terminzl blocks of

polydimethylsilexane. -

'y
v

Suitzble carbonisable organic polymers 1nc1uoe any polymers

225 (inciuding copolymers) which can be at least partizlly degraded

)
-y

n5t fully carbonised at temperatures below the softening point

-

cf tze polymer. Exaczles of suitable thermesetting polymers

VeaT

inciuzde poly(furfuryl zlechol), phenol-formzldehyde znd phencl-

benzzidehyde resins. nermosetting resins have the zdvantage of

230 being highly cross-linzed. Examples of suitzble thermoplastic

()

polyzers include cozl zazr pitch, poly(vinylidene chloride) and

?zly{vinylidene chloride) cross-links during

G

\
olymers

Cegrzdation and polyzzrylcanitrile can fora so called ladder

in wileh adjacent chzins cross-bond. Frequently a particle

assex2ly shrinks by froo 12 teo 20% as a result of carbenisation.
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The invention is illustrated by the following example which
describes the preparation of a mesoporous carbon and which refers
to the drawings of which

igure 1 is a

rry
$-4

raph showing the adsorption/desorption hysteresis

9

. o} . . .
20 isotherm-at 25°C obtained when benzene is zdsorbed onto
and desorbed from a mesoporous carbon accerding to the

invention.

Figure 2 1is a graph derived from figure 1 using a conventional
pore size analysis technique and showing (a) hcw the
245 volume attributable to all tetrahedral pores zné feramina
of & given size varies with variation of the given size
and (b) how the useful volumé attributable to zll foraminz
of a given useful size varies with the varizticn of the

useful size.

25¢ Figure 3 is 2 graph which shows by way of comparison three
. . . A P <
adsorption/desorption hysteresis isctherms zt 25°C
cbtained using three different known azctivatec carbons.
EXAMPLE
4n adsorbant mesoperous carbon having pore size charazcteristics
2s5 as shown in figures 1 and 2 of the drawings was made zs “ollows:
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- 12 -

firstly a polymeric colloid-stabiliser was prepared Gty
polymerising styrene in tetrahydrofuran under an inert atmosphere
at 20°C. The polymerisation was initiated by dilithium
naphthalene. The growing polymer was tﬁen reacted with hexaé;

260 eﬁw;cyclotriéiloxane to produce a block copolymer comprising 2 - -

_central polystryene block flanked by blocks or polydimethylsilcxane

ezch terminated by & silanol end group.

Next a colloidal dispersion of polyzcryloniirile in hexzne was

produced as follows:

L] -
265 Acrylonitrile and benzoyl peroxide dnitiator were charged to pure
hexane containing a small zmount of the stabiliser as made above.
The hexane was heated under reflux and nuclei of polyzerylonitile

began to appear. Extra feeds of acrylonitrile were zdded drop wise

. . + < . .
and the particles grew to 249 - 6 nm diameter whereupcn the reacticn

270 mixture was cooled to room temperature andé further pc_ymerisation
prevented. Electron microscopy and chemical microanalysis showed -
tae product to be a colloidal dispersion hzving a moncdisperse

carticle size in which the particles were viriuzlly :nsrlc;l
The root mean square deviztion of the maxizur dizmeters of the

275

n

cheroidal particles was between 2 znd 3%.
Tre hexane was evaporated very slowly frecm the colloizzal dispersicn
C cover z period ¢ %0 hours.

ne deposit of part*cles of polyzerylenitrile which wzs obtained
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280

285

290

=295

30C

13 -

was highly irridescent which indicated the presence of very

regular close packing of the particles.

To cause degradation, the deposit was hezted from 30°C to-l7OOC
over a2 perioé of 3 hours, maintzined at l?OOC for a2 further 3 hours
and then heated slowly to ZSOOQ and maintzined at that temperazture
overnight. The particles degraded to z form-stzble assembly,
Finally the cegraded assembiy was heated to 1600°C to clese
micropores, to ensure complete carbonisztion, and to sinter lightly
together zdjacent carbonised particles to produce a mere form-stahle
adsorbant carbon. The carbon produced wzs a pseudemorpsnh of the
Cepcsited assembly of particles of polyzerylonitrile and it was
resistan; to conversion to grazphite. The éssembly shrank by

about 16% during carboniszticn.

1)

igure 1 shows the adscorption/desorpticr hysteresis isctherm zt
259C”foé5étcarbbﬁimade'ééCOrding~td”the=example as described azbove
and obtzined by subjecting ths carben o = increzsing pressure P

-

of benzene (expressed as a fraction of the saturated VZpour pressure

. 0 A,
Po of benzené at 25 C, ie >/%0) so as ¢ ca

use increazsing amounts
of benzene (expressec eas mg of adscried benzene per zram  of carten)

to adscrb onto the czrben znZ then decrezsing the sressure of
benzene to cause the tsnzens to descr> from the carton. Part AS
of the nysteresis loc: relztes to the zdsorption srocess and pars

CD to the desorption rroesss. It is ccnventicnally supposed thz:
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the adsorption part AB of tne loop is indicative of the volume of
the tetrzhedral pores and the foramina whereas the desorzticn part
CD of the loop is indicative of the useful size of the fcramira.
305 It should be explained that for reasons which are not properly --
understood, the hysteresis isotheram fzils to detect consequences
of the presence of the octahedrzl pecres. It shculd alsc be =
expla ned that the relationship between the descrption part cf the
rlocp znd the useful size of the feramina derives from the fict that
310 desorbing benzene is preceeded by z hemisphericzl meniscus which

must of course be small enough to pass through foramirz in crder

t0 escape from the porous carbon.

By using a conventionzl pore size znalysis technique and the
relationship between the adscrpticn part of the hystsresis loeop
315 and the volume of the tetrzhedrzl pores, it is possidle to derive

a curve which shéws how the combined voluzme of tetrzhedrzl pcres
attributable ;o pores. of a given so-called "dizmeter". (ie the =
Vdiameuer of the largest sphere which coulcd notionally be zccommod-
ated within the pore) varies as the "diameter".varies. Such a

320 curve is shown in figure 2 marked "Curve Z". 1In figure 2, this
varietion in volume per gram o carbon with varizticn of pore

Gizmeter is expressed in ml/z of carbon/zna and tcore dizmeter is

expressed in nm. Sigilarly using the reliziionshi: betwessn the

descrpticn part of the nysterssis isotherm and tme useful size of
325 forazminz it is possitle teo cerive a curve whnich shows how the
b PP SR SRR . . - N
cembined useful veclume attritutzble to foraminz of = given useful

L. #RE- -




330

335

340

W0 81/03167 PCT/GB81/00076

size varies as the useful size varies. Such a curve is shown in
figure 2 as "Curve F". Figure 2 indicates that the tetrzhedral
pores have pore "diameters" of around 52 nm and that the foramirz

have useful sizes of around 31 nm. -

Figure 3 shows for the purposes of compariscn three zdsorpticn/
desorption hysterisis isotherms at ZSOC obtained in the same way

as the isotherm shown in figure 1 except that three xnown activated
carpons were used instead of the carbon made according to this
invention. More partieularly, isotherms G, H and I shown in

figure 3 relate respectively to lightly, moderately znd heavily
steam activated charcoals prepared from anthracite. The predeorin-
ance of adsorption at low benzene pressures indicates that mest of
the porosit&’of the charcoals is provided by micropores. This
contrasts with the substantizl absence of adsorbtion 2zt low
pressures in figure 1 which indicates an zbsence of rmicropores.

The height_of the rysteresis loop shown in figure 1. indicates thzt
most of the carbon of the invention is provided by mesopores wherezs
in figure 3 the hysteresis loops indicate the presence of only =

few (if any) mesopcres.

Two samples of collcidal dispersicn made according tc the examgis
were czused tc depcsit frem the hexane under more disturbing

cenditicns. In the

"

irst case, the hexzne was evapcrated ¢ff very

rapidly by heating the dispersion to 80°C. The deposit showed z
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350 slight yellowness which is indicative of less regular packing.
In the second case the dispersion was heated slowly tg BOOC and
evaporation completed over a period of 30 hours. The deposit
was white and exhibited a pattern ofrcoloured rings when viewed

in sunlight.' This incicates more regular packing. .

355 The adsorbant carbons find uses as supports for catalysts,
particularly precious metal catalysts such as palladium. Their
pre-determinable wide pore structure and pre-determinable degrees
of pathway tortuosity enable catalysts to be located deep inside
the carbon away from roisons, harmful solvents or other deletericus

360 substances yet the pre-determinability of the pore structure allcws
the pore size and/or pathway tortuosity to be tailored to favour
enfry.of ﬁaﬁted ﬁolécdles évén wﬁen such molecules are quite large=.
The carbons may be used to support catalysts used in the
hydrogenztion of fatty oils as described more fully in British

365 patent.specifications.l 578. 122 and-l 578 123.the.contents of
which are herein inccrporzted by reference. They may also be used
in the structure of pcrous electrodes or as adsorbants, expecizlly

for larger molecules.
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CLAIMS

370 1. An adsorbant wide pore carbon comprising a form-stzble
assembly of a family of contiguous spheroidal carben particles
wherein the surfaces of adjacent contiguous particles define

“interstitial pores charazcterised in that

a) the maximum diameters of at least 90% by number of the
375 particles of the family lie in the range 8 to 3000 nm,
b) the root mean square deviation of “he maximum ciameters

and

~

N

of the particles of the family is less than 15
e) in at least one zone of the adsorbant carbon, particles
are cubic or hexagonal close packed to an extent that the

380 volume of interstitizl pores in the zone is from 18 to 30%=

of the volume of the zone.

2. A modifidation ‘of  the Qiﬁé’poré”ééﬁﬁoh;élaiméd if-6élaim 1 -
characterised in that the assembly 'of particles is disrupted
to an extent that the velume of the interstitial pcres in =2

385 zocne of the wide pore carbon is from above 30 to U40% of the

volume of the zone.

3. A wice pore carbon as claimed in clzim 1 or a modified wide
pore carvon as claimed in claim 2 charzcterised in that the

assemble of carbon particles comprises cne or more =xtra

(@3]
\0
(@)

families of spheroidal carbon particles wherein
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b)

395 c)
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the maximum diameters of at least 90% by number of the
particles of a family lie in the range 3 to 1000 nm.

the root mean square deviation of the maximuz dizmeters

of the particles of & family is less than 15% and

the ﬁumber average maximum diameter of the particles cf .

any one family differs from that of any other fzmily.

4, A wide pore carbon as claimed in any cne of clazims 1 to 3

characterised in that the wide pore carbon is substantially

free from micropores in the carbon particles.

400 5. A mefhod for making a wide pore adsortzant carbon characterised
in'that
a) a colloidal dispersicn of a family of spheroidzl particles
of carbonisable organic polymer is formed in z liquid
wherein the maximum diameters of =zt least 9C% by number q
305 bfVﬁhéfpéf%iéiés*EF'fﬁe*féﬁil?llié?id'the?fange'loffo‘SSOQ
nm and the root mezn square deviziion of theose maxinpum i
diameters within a family is lesé than 15%.
b) the particles are caused to depcsit from the liquid and
a packing force is exerted on thez,
130 c) the deposited particles are heaziei to a temperature

which is below the softening poin: of the pciymer but
which is kigh enough to cause at least partizl degrad-
ation of the polymer and thereby crzate a form-stable

assembly of particles znd
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7.

8.
430

9.
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d) the form-stable assembly is heated to ensure complete

carbonisation of the polymer.

L method as claimed in claim 5 characterised in that the

colloidal dispersion comprises one or more ex:ira families of

scheroidal particles of carbonisable organic polymer wherein

a) the:rmaximum dizmeters of at least 90% by number of the

particles of =z mily lie in the range 10 to 3500 nm

3

b)  the root mean square deviation of those maximum diameters

within a family is le

¢}  the number averzge

any one family diffe

A method as claimed in

that the packing force

A*iethod.as ctained-in'd
taat the particles ars
evaporating the licguid

the particles by mesans

crior to cempletion of

e

- method accerding

A
S C

s imperveous to the cz

zn the memtrzne.

ss than 15% zand
maximum diameter of the particles of ’

rs from that of any other family.

claim 5 or clzim 6 characterised in
is provided by centrifugzing.
laim ‘5.-oriclaim 6 ‘characterised” if~
czused to depcsit frez the liquid by
and the packing ’orce is exerted on
of the surface

tensicn of the liquid

eveporation.

1zin 5 or claiz 8 charescterised in that
byrmmJ@

atic pressurs

membrane which

rticles wheredy the
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A method as claimed in claim 5 or claim 6 characterised in thzt
the form-stable assembly of deposited particles is hezted to &
temperature of from 700 to ZSOOOC to close micropores in the

carbon particles and to sinter together contiguous particles.

4 catalyst charzcterised in that the catalyst is supported on
an adsorbant wide pore carbon as claimed in claim 1 or claim 2

or on the product obtained by the method of claim 5.
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