1 Carbon aerogels, process for their preparation and their use The
invention relates to carbon aerogels, to a process for production thereof
and to the use thereof. 5 US 4,997,804 discloses organic aerogels
produced from resorcinol-formaldehyde, hyaroquinone-resorcinol-
formaldehyde, phloroglucinol-resorcinol-formaldehyde and
catechol-resorcinol-formaldehyde. This process ,forms macroscopic
shaped Bodles HHREE VBIURE IS 18 HetsniFF by tRF FRRTGgSoMaRT:
MorédvetrUSs:506,341 discloses a process for prod-acing organic
aerogels, wherein an aqueous organic phase is stirred in mineral oil until

the qrganttrphaﬁei pglym&e&to @g@a?b@ﬁrgaé&@g@mﬁlitf_w ¥rocess
obtainedl haveg padidle size AL Jum.Ig L0m. WO, 02112300 digcloses

porous resins which are carbonized to mesoporous carbon with'a particle
ize Qf 2 U 2 - WO Q1/19904, US6737445 (32), US6297293 (31),

O bRt a Ty Ta RS B otERa0 or BRAENG rRORaAES Srom
polye? oF earson- stiuctaredakivs defified rrasolborosityr Baerat {Joirnal

of Nﬁ@ﬁfﬂ@ﬂ@@"%hY@ko@f&@irﬁﬁ]:]%é&.g@l YrWu.and-FH1 gehyde
(Mic r e Qus 25 Materials, .96, p..115-120, 2006
and D18 et Al OiTat o o Ey e Bokds 36172006 3156317~
disclbSETRafh6RERRRGCTy MBRBEEafbofistictites awite defised =

1 porodity ean besgrodycedth by as=tavo=stage=process (pH shift instead of
constant pH). 30 A disadvantage of the known carbon aerogels is the poor

dispetsitility=foy example iecoatingiapplications. = process for
producing organic asrogels, wherein an agueous organic
phase is stirred in mineral oil until the organic phase
polymerizes to a gel. The organic asrcgels thus

15  obtained have a particle size of 1 um to 3 mm.

WO 02/12380 discloses porous resins which are
carbonized to mesoporous carbon with a particle gize of

2 um to 2 mm.

WO 01/19904, USE737445 (B2}, US6297293 (B1),
26 US2002065333 (Al} disclose processes for producing
monclithic polymer or carbon structures with defined

mesoporosity.

Barral (Journal of Non-Crystalline Solids, Vol. 225, P.
46 -~ 50, 1998), Wu and Fu (Microporous and Mesoporous
25 Materials, Vol. 96, p. 115-120, 2006} and Wu et al.

. (Journal of Non-Crystalline Solids 251 (2005) 915-921)
disclose that monolithic polymer or carbon structures
with defined porosity can be produced by a two-stags
process (pH shift instead of constant pH).

30 A disadvantage of the known carbon aerogels is the poor

digpersibility, for example in coating applications.



2 Itis an object of the invention to provide a carbon aerogel which, owing
to its fine division, has good dispersibility. The invention provides a
carbon aerogel, which is characterized in that the mean particle size is
less than 1 um, preferably between 0.05 an®l 1 um, more preferably
between 0.1 and 1 um, most preferably between 0.5 and 0.95 um. The
mean particle size is determined by means of laser 10 diffraction to ISO

13320:1(1999) & ev&inate the™ Biffr Ao sttt Reaursd, thé Migon
theoRewith2he vassuimptioniofsphericalkparticles dsiemployed. Fhe laser
diffractiopanalysis instrument used is a HORIBA LA-920. To analyse
particle sizes <1 um, it is 15 necessary to have information about the

scattering in . the,sideways an ckward direction. For this reason, the
i,nstrumen:tL used utiIizes?;l%)djf?(i;%)egr)tléide%t(ae%ﬁi%?sl’,l 1 efo?%ﬁ?ésﬁélrln%%t %n?the
3idefa§S ahd Batk®drd BirESton, tartd BRBVIFEGEH S FoUfieE ferisS ane s s
array bB75 20photodiedes farimeasurestent in the fansard directianrhe

light,seurcasused are-a,lungsten lamp, (50 Vi) whose: light s filtered to
405 Qmﬂ and anOHg-Ne laserﬁgo.l W) with a wavelength of 632.8 nm For
the m%aguereerr%ent, th&"Carbo ge%‘el Is first 25 introduced at room

temperature, with the aid of a magnetic stirrer, into distilled water which
has bE&n "Sditistea it d MiNSOLtodeprBr bR boheTsaigg of laser

1¢onceniratian s &% by weight1The dispersion js. effecteckiliate the

wateg-copled-30 B spap-lid hattle by 30 means of aﬁi*é”%%? ind finger R

(from B2RAst o0 ¥ BURANaN 80) for k3 ynures In @ Mrer Sten. e
laser diffraction analysis instrument used isg a HORIBA
LA-920. To analyse particle gizes < 1 pm, 1t is

15 necessary to have information about the scattering in
the sideways and backward direction. For this reason,
the instrument used utilizes 13 different detectors, 12
for measurement in the sideways and backward direction,
and also, through a Fourier lens, an array of 75

20 photodicdes for measurement in the forward direction.
The light scurces used are a tungsten lamp (50 W) whose
light is filtered to 405 nm, and an He-Ne laser (0.1 W)
with a wavelength of 632.8 nm.
For the measurement, the carbon aerocgel is first

25  introduced at room temperature, with the aid of a
magnetic stirrer, into distilled water which has been
adjusted with 0.1 M NaOH to a pH of § - 10. The solids
concentration is 1% by weight . The dispersion is
effected in a water-cooled 30 ml snap-1id bettle by

300 means of an ultrasound finger (from Bandelin, 70 W,
pulsation 80} for 4.5 minutes. In a2 further step, the
dispersed suspension is introduced dropwise into the
dispersion liquid present in the wet cell in the
analysis instrument {distilled water adjusted to pH 9§ -

35 10 with 0.1 M NaOH} until laser shadowing between 5 and



dispersed suspension is introduced dropwise into the dispersion liquid
present in the wet cell in the analysis instrument (distilled water adjusted
to pH 9 35 10 with 0.1 M NaOH) until laser shadowing between 5 and 3
10% is achieved. The pumped circulation ofthe suspension now present
in the analysis instrument into the test cell is effected by means of the
stirrej[rO angép%raﬂeid into,the nalé’sis instrument. 5 The diffraction

i FHRE M thebryZandd réthtive e

spectrum 1s’eva uat%%‘ meaRs
refratHve Mdeest Tsandr ansbsofptichindex ol 081 Therparticlesize into

distritutionds shewn as:the swuraerical dispribitionQ Ry cenversion.from
the carresponding volume 1Q distribution. The mean particle size here
refe%%cfclg%%iﬁnégetcﬁéfitl%B ?1,31%%3%% o?%seté " Gistribution. The
invehtive Ealbbrradrdgel iag Rave™ rheaf Tkt CeifdrsiorrenE0ad the
2.7, pteferably of 1 Art@ 2.5 mose ikbpieferablycafhk? 1023 The meanang
fractghdimension. ol fhe:gasbon geragel s delerguned by means of image
analysis of transmission electron micrographs ccording fo Rogak et al.
(AerdsI- SeiHcE Hhd Fe GOy Vol P8, 103 hoas - AFF ot prE 1on Qo
invehtivescarbonsderogélmay have acdensityof0.065v21Gugiem3,
mgrefarf@%"‘}%%ﬁjﬁé 9/ema, meLe t@fﬁ?@@%‘ﬁé@-ﬂ}%@ -z(%-%%/fg‘%g@%g{ﬁ
ensity of the carbon aerogel is determine e determination of the
specalltéglcc pore Volume ?ﬁ%ﬁ% % ?é%ioéé?p’tio%omgé){seuré%eﬁ% erfthe
spedcHiE psrvdlante- vp is known from the N2 adsorption measurement,

the following expression is obtained for the density Pc_A of
The inventive carbon aercgel may have a mean fractal

dimengion of 1.0 to 2.7, preferably of 1.1 to 2.5, more
15 preferably of 1.2 to 2.3.

The mean fractal dimension of the carbon aerogel is
determined by means of image analysis of transmission
electron micrographs according to Rogak et al. (Aerosol

Science and Technelogy, Vol. 18, 1933, p. 25 - 47).

26 The inventive carbon aerogel may have a density of
0.005 - 2.0 g/em?®, preferably 0.15 - 1.5 g/cm?, more
preferably 0.35 - 1.3 g/cm?®.

The density of the carbon aerogel is determined by the
determination of the specific pore volume in N

25 adsorption measurements. When the specific pore volume
vy is known from the N, adsorption measurement, the
following expression is cbtained for the density pe.n of
the carbon aercgel: pca = 1/(1/pe + vp) . For the density
of the carbon pc and for the specific pore volume vy,

30 numerical values corresponding to dimensions g/cm?® and

cm?®/g respectively are used.
The inventive carbon aerogel may be a foam.

The pH of the inventive carbon azerogel may be < 7.0,



the carbon aerogel: pC_A = 1/(1/pc + v0). For the density of the carbon
pc and for the specific pore volume vp, 30 numerical values corresponding
to dimensions g/cm3 and cm3/g respectively are used. The inventive
carbon aerogel may be a foam. The pH of tHe inventive carbon aerogel
may be ¢ 7.0, 4 preferably < 6.0, more preferably < 5.0. To determine the
pH, 19 of the carbon aerogel is admixed with 20 ml of deionized,

CO24ee WARRT 1N an Er8nmie§eriadicand §téd on - Magnetic stirrer for

5 1 min. Subsequently, the glass electrode (Hamilton Polilyte Pro 120) of

the ptf aRahRiISThafuimant iitroprécessor 586 SrginViereMayis. is
immersetbapprex - A0omibtasthedsispension, ensuring thathe electrode,
touc | e iment for he vessel 10 wall. As soon as a
cons%ﬁt?vﬁa%%g ﬁ%:s %gr%%s%glt;%srﬁgg ﬁ%éﬁ pﬁpis ifkeélmd—;I gﬁe?}:ﬁé: ins\/sceﬁiﬁ\l/ﬁee £ for
Carbon Befogel aF REGE aniS TSR ali? 6526 4300 RSRY, preverdtyof
30-1800mM2fgeniore preferably aft60-880 MG Fhe 'SESAment

meastrement.is effscted acgerding 4o, BIN1SQ,9277 L1990). The 5 0.0y
mve%ve carbo aerg%el ma% have a BET value of 20-1500 m2/g

preferably of TO021260 ni21§ Smbre PrefetHisiy ot 480060 maRs: SO rode
BET ‘stiffaieesarea is determire oD Me SO 5277 995) inaNO¥Azel

18200sQrpting anadysisBstument from QUANIACHROME, Te 5111 shed,

sorptiQn gas L@gdfgg rogep. Before the determination, the samples are
baked atgf}lg temperatuér%e 6%?500 and a pressure of < 13.3 Pa for 25 more

than_12 hqurs. The sorption isotherms are
he inventive carbon aerocgel may have an STSA value of

20-1300 m?*/g, preferably of 30-1000 m?/g, more
preferably of 50-800 m2/g.

I3 The STSA measurement is effected according to
DIN ISO %8277 (1%85).

The inventive carbon aerogel may have a BET value of
20-1500 m2/g, preferably of 100-1200 m*/g, more
preferably of 400-200 m2/g.

20 The BET surface area is determined to DIN IS0 9277

' (1995) in a NOVA e2000 sorption analysis instrument
from QUANTACHROME. The sorption gas used is nitrogen.
Before the determination, the samples are baked at a
temperature of 350°C and a pressure of < 13.3 Pa for

25 more than 12 hours. The sorption isctherms are
evaluated to determine the BET surface area in the

relative pressure range p/py of 0.01 to 0.1,

The inventive carbon aerogel may have a mesopcre volunms
©f 0.005 - 5 cm?®/g, preferably of 0.05 - 2 cm3/g, more
30 preferably of 0.2 - 2 cm?/g.

The inventive carbon aerogel may have a mean mesopore

diameter of 1.8 - 50 nm, preferably of 5 - 45 nm, more



evaluated to determine the BET surface area in the relative pressure
range p/po of 0.01 to 0.1. The inventive carbon aerogel may have a
mesopore volume of 0.005 - S cm3/g, preferably of 0.05 - 3 cm3/g, more
30 preferably of 0.2 - 2 cm3/g. The inventivearbon aerogel may have a
mean mesopore diameter of 1.8 - 50 nm, preferably of 5 - 45 nm, more 5
preferably of 10_- 35 nm. The mesopore volume and the pore radius
distriBafiors &8 det&rminéd fo DINEB134 (1998) by the BJH method from
the desorption data of the isotherms recorded in 5 the relative pressure
range PR dEE0R9S (V34 URcadeitibr; ive Twentivedatboncderbgelmay on

havesaanideopara Molume of 0104 - 450 em3(g, preferably0f9.@5r1 Bt hog

cmsig:more preleraly o 0 0.35.cmyg. The migtapore yolme s,

determined to DIN 66135-1, 10 66 y the t-plo
Broc&sE THe'€ biotss BYAIREE by #ecde BOBr ettiafiod STHEinVentve
carbon aerogel may have a content of volatile constituents of < 15.0% by
weight: preféraiiyrof <5180 byweeighty snoreqireferablyofsll 8%/byndGe a

weight; megicreferably-of <43:5%, by weight. The volatijeconstituents 3= ¢ o5

950C age (;;ljet&g1 ined on the basis of DIN 53 (1977). Tq this end, the
sample Is first dried tomggnestgﬁtew%léﬁ%alya 8%%09‘ Cabindt &t 165 &hd

cooled in a desiccator. Suhsequently, the 20 sample, in a departure from

DIN F S TS rito 4 itz UGB TIS HAIF dnd LoVerbdahits A1/

Ihich sAas aholé oL apprdx.(2 Mamlinithe teetre.1piaomuffles fermaceThis ¢ -

finally heated:ta-950G fer=amiy. The cooling is-again effected in a
desiccator. The volatile

The inventive carbon aerogel may have a content of

volatile constituents of < 15.0% by weight, preferably

of <" 5.0% by weight, more preferably of < 1.5% by
I3 weight, most preferably of < 0.5% by weight.

The volatile constituents > 950°C are determined on the

basis of DIN 53552 (1977). To this end, the sample is

first dried to constant weight in a drying cabinet ag

105°C and cooled in a desiccator. Subsequently, the

20 gample, in a departure from DIN 53552, ig filled into

gquartz crucible (13 ml) and covered with a 1id which

has a hole of approx. 2 mm in the centre. In a muffle

furnace, it is finally heated to 950°C for 7 min. The

a

cooling is again effected in a desiccator. The volatile

25 fractions are calculated from the weight loss.

'The inventive carbon aerogel may have a My value of

200-400, preferably of 250-390, more preferably of 260-

380,

The My value is determined by drying the carbon aerogel

30 to constant weight at 105°C and then cooling it in a

desiccator.

1.3 g of the dried carbon aerogel are weighed into a



25 fractions are calculated from the weight loss. The inventive carbon
aerogel may have a My value of 200-400, preferably of 250-390, more
preferably of 260- 380. The My value is determined by drying the carbon
aerogel 30 to constant weight at 105C and then cooling it in a desiccator.
1.3 g of the dried carbon aerogel are weighed into a 6 cup with a screw

lid (PTFE, volume 240 ml). 27.3 g of component A, consisting of 77% by

weight'sr KikyHal F3166" (6096} (frém BayefPant23%4 By Weight®of dilunet
(composedwt68.2% byoweipht ofixylerie, 713:6%ybyrweight S5odf Alkydal

ethoxypropanaly 9,1% by weight,af.butanal, 4.6%6 by weight.of betylglyenl,,
and 4.5% by wejght_of Baysjlon (10% by weight of Baysilon CL 17 (from |
Bayel SHITSOTE By waight 61 SYIcHE) AR T2, 7Y bF EompbriertB (770Ae obe
by weight R MaprenalaviF 8005(55%0 ) (fronelhebs) afd 239610 by wWeight by

of dikienteonyFosiion, ahgiry@@"mpaﬁan;ﬁ)é %?deai%}@élyﬁig:a?% M on
275 steel beads. (Chr nite,.Q = e ed an id is .
scre\?vgé 6oerlfe.yTt?e%l}ng&}t%reolgé Shaken Tor 3(?%%&:{] ﬁra?rrpcc%oéigg {‘}5 shaking” ®
mixer (SKEIGEXBAS 20K fllker) (froffifad ). The mikufethas produged” 7%

is refeyredetdgis-black paste=Aa90 m4bick lpes of te-black paste isand 233%

ppli ith id-0 b EN degrease ss. plate
IE(?)‘cut ﬁ?c\?ggé(% He% %e,%A%%%O%%%I%??@%m%%O %ﬁer%ﬁ? I\ﬁe%?e{l Al
Glasﬁggrbaec?tﬁwﬁﬁﬁﬁ&é%tﬁﬁ%&%Gﬂmitﬁ PdEgrehs8d ShitfabE ana,
after Ventingabdker, infa fofcevail ower at 386G oved 30iminl Afteis screwed

cooling, the colour is analysed to DIN 55 979

The mixture is shaken for 30 min in an air-cooled

15 shaking mixer (Skandex BAS 20K mixer (from Lau)). The
mixture thus produced is referred to as black paste.
A 90 yum-thick layer of the black paste is applied with
the aid of a doctor blade to a clean, degreased glass
plate {cut microscope slide, AAQS013CO2EACMNZ, from

20 Gerhard Menzel Glasbearbeitungswerk GmbH & Co KG) with
a degreased surface and, after venting, baked in a
force-alr oven at 130°C over.BO min.
After cooling, the colour is analysed to DIN 55 979
(1989) through glass.

25 The inventive carbon aerogel may have a Gy value of 50~

130, preferably of 60-130, more preferably of 70-130.

The Gy value is determined by weighing 60 g of steel
beads (chromanite, @ = 3 mm), 62.9 g of white paste (GX
white pigment paste from BASF), 2.3 g of hardener

30 (Luwipal 012 (from BASF)) and 16.0 g of the black paste
from the My determination together into a cup with a
screw 1id (PTFE, volume 240 ml) and mixing partially.
The cup is closed and the mixture is shaken in an air-
cooled shaking mixer (Skandex mixer BAS 20K (from Lau))

35 for 30 min.



(1989) through glass. 25 The inventive carbon aerogel may have a Gy
value of 50- 130, preferably of 60-130, more preferably of 70-130. The Gy
value is determined by weighing 60 g of steel beads (chromanite, 0 = 3
mm), 62.9 g of white paste (GX white pigmeht paste from BASF), 2.3 g of
hardener 30 (Luwipal 012 (from BASF)) and 16.0 g of the black paste
from the My determination together into a cup with a screw lid (PTFE,

volumé 246 i EndPafding bartkifly S ThestipisEloaed anttthermixtureie in
shakemdre antair- woslethshaldng mixersSkandexmixet BAS 20K @rost m-

Lau)). :35fer 304min.g Thecolour p@gﬁi§@aom%s§dguaggfavﬁvgh@11a0de to a
min in. order t grevent sgdlmentatlon. To this end, a 90 pm- thick coating
layeris %%%ﬁe% With & d56t0F bittle '8 ean® dbgledsedSyiasS pate Gt
Micrégedpeistiele 2 B20A050 1 3002E ABMNZy floMeGeriard Menzel

?Iasb@ar@@aa@g?gg[é&g ﬂ%’% @%&@Aﬁa@@ aflé_@'i V{%}%@,gi haked DA, g
orce-air gyen at 130C within 30 min. r cooling, the colour _
meae}ssl%rfé%fennf fo DINBB 976 15" e?f\é%%qedat%rolu%% g%ag%i Thé ihvBhiive

carbét BBFoGE Pay Fave B afsoiPesntens DR85mD0% by WEiJhE 5 579 is
- preferalily of O5- 100%ayrweight,e more preferably of 98-100% by weight,
most preferably of 99-100% by weight. The inventive carbon aerogel may

zhaveﬁﬁéeEﬁﬂghé§ﬁa"EE@H@§S§@96%%%kQQﬁ‘Eé%JtH"EaE@%n content

electrical suriace.resistivity is measured on the coating slabs for the M

abs 1 VA
o Bk BR T AR biafig SRDSIDE ool At

determiination. Before the
23C ERF S5 8%%eRatRfe lalr REmidityfBF 24 Mvure: Thetmeaswenentferably
of 95-100% by weight.

The inventive carbon aerogel may have an electric

15 surface resistivity of 1 kChm to 1 TOhm.

The electrical surface resistivity is measured on the
cocating slabs for the My determination. Before the
measuremant, the coating slabs are stored at 23°C and
54% relative air humidity for 24 hours. The measurement
200 is effected at 23°C and 23% relative air humidity with
an M 1500 P megaohmmeter [(from Sefelec). The
measurement is effected at a veltage of 500 V by means
of two electrodes of application area in each case
5 x 30 mm laden with 275 g of applied weight for 60 s.
25 Between the two electrodes, there is thus an area of
30 x 30 mm,

The inventive carbon aerogel (first inorganic phase)
may comprise a second inorganic phase. The second
inorganic phase may be distributed within the carbon

30 aerogel and/or on the surface. The proportion of the
second inorganic phase in the carbon aerogel based on
the total weight may vary from 0.001 - 0.8 part by
weight, preferably from 0.01 - 0.5 part by welght, more
preferably from 0.03 - 0.4 part by weight.



20 is effected at 23C and 23% relative air humidity with an M 1500 P
megaohmmeter (from Sefelec). The measurement is effected at a voltage
of 500 V by means of two electrodes of application area in each case 5 x
30 mm laden with 275 g of applied weight fof 60 s. 25 Between the two
electrodes, there is thus an area of 30 x 30 mm, The inventive carbon
aeroggle(first iInorganic phase comprise a second inorganic phase.

The second ?ﬁg{gaﬁﬁoﬁ%@é 25%%%5%@@&&8%%?%%5 EaroH 86

aerogel and/or on the surface. The proportion of the second inorganic
phasefifi tRE cafson acregarbased o thedotaF RERjht Pray ey frememnent s

0.002=4/® pattduys weight, prefersbly emiQ:0% ; Oz part by;weight, more
preferablyfiam 0.43.1 0.4pa by.welghlt, &, fhe secand ynorganic phase
may be nanostruc urgd. The second inorganic phase may comprise metal
Blenfehis and/6t6As, Tor eXampleSIREGH, gofd: SAvéer Splafifmres of the
pallagiilgw srutherioms chedibe, idiwm, 5anickéel:cobaltpisan, lcopper,zing ,

and mixiuess-afdhe aforemgntioned substances, andigrnonmetal .,
elemr(lac_?ltlsCS tfo}g gxam(ple }garbon black, Cifarbon aerogels, carbon nanotubes,
carbOn Nanorods; graphite anth graphite: sthckires; and HidaRE b tHe
aforeRERTOIEEEE0 sabstaneas UHRsinvéntidrefurther previdésagtocess

1for praguetag dbe inventive carbon aerogels, which is characterized in
that (A) a mono- and/or polyhydroxybenzene, an aldehyde and 15 a

catalygtargreagtedn a-padior.ata reaction temperature Tdp the range . |

of 75 - 20Q0C, preferably in
the QHve%tgve g%xbon aerogels, which isg characterized

in that

(A} a mono- and/or polyhydroxybenzene, an aldehyde and
15 a catalyst are reacted in a reactor at a reaction

temperature T in the range of 75 - 200°C, preferably in

the range of 80 - 150°C, more preferably in the range

of 85 - 135°C, at a pressure of 80 - 2400 kPa,

preferably of 100 - 700 kPa, more preferably of 125 -
20 500 kPa,

{B) then the reacticn mixture from process step (A) is

sprayed into an acid,

(C) the resulting product from process step (B) is

dried and

25 (D} carbonized.

The polyhydroxybenzene used in process step (A} may be

a di- or trihydroxybénzene, for example catechol,

resorcinol, phloroglucineol, hydroguincne and mixtures

thereof. Preferably, a monohydroxybenzene {phenol) may
30 be used.

The aldehyde used in procesgs step (&) may be
formaldehyde, glyoxal, glutaraldehyde, furfural and
mixtures thereof. The aldehyde used in process step (A)

may preferably be formaldehyde. The aldehydes used may



the range of 80 - 150C, more preferably in the range of 95 - 135C, at a
pressure of 80 - 2400 kPa, preferably of 100 - 700 kPa, more preferably

of 125 - 20 500 kPa, (B) then the reaction mixture from process step (A) is
sprayed into an acid, (C) the resulting produt from process step (B) is

dried and 25 (D) carbonized. The polyhydroxybenzene used in process

step (A) may be a di- or trihydroxybenzene, for example catechol,

resoftindl, poFSGIGGRG1, RS dFIqUABHRCAT Fikttifesothetéof PreferaBiyent -
a monohydroxybenzene (phenol) may 30 be used. The aldehyde used in
procéds atepi(n) pray be formakishibe sglyoxal sglutaraldengde sfurfaralbased
and snixtuses theragl Jhealdohyda-usgth pIosesssieP M, for

pref for ehyde.. The aldehydes used may 9 also be present
as ae#%%lgg%%s E%]u%%ﬁ 0%1%3 a%%Y\?gn%élln addition, it is possible to use

recondensates based on_mono- and/or polyhydroxybenzene and
e, tor

2ldehytie, 161 BXAMpIE FESHIT GHd HOVERATSE THe SoRENS uséd HiaFBe 2nd
wateP1HEDH6IS, ketohbs andomixtaresiofithel aforbmentioned substances.

_ Process step (A) can be performed without the addition of a pore former.
Process stepx(Atcan bepedarmed with-adsitioniofa thd-peredfermendhei on

poreferme d=may.for example, be ethylene glycol, polyethylene
glycol, butylene glycol, diethylene glycol, triethylene glycol, gamma-

Process step (A) can be performed with addition of a

10 pore former.

The pore formers used may, for example, be ethylens

glycol, polyethylene glycol, butylene glycol,

diethylene glycol, triethylene glycecl, gamma-

butyrolactone, propylene carbonate, dimethylformamide,
15 monoethanclamine or N-methyl-2-pyrrolidinone, and

mixtures of the aforementionad substances.

The catalyst used may be a base, for example an alkali
metal hydroxide or alkaline earth metal hydroxide, with
a sufficient solubility in the sclvent. For this

20 purpose, it 1s possible to use NaOH, KOH, NaC0s;, Li,C0,,
KoCO;, NH; or any other base. Preferably, NaOH may be
used.

The concentration of mono- and/or polvhydroxybenzene
and aldehyde in the reaction mixture may be 10 - 60% by

25  weight, preferably 20-40% by weight, more preferably
20-30% by weight.

The molar ratio of mono- and/cr polvhydroxybenzene to
aldehyde may be 1:1 to 1:4, preferably 1:2 to 1:3, in

the reaction mixture of process step (RA).

30 The molar ratio of the mono- and/or polyhydroxybenzene
used to NaOH may be 0.1 to 100, preferably 0.5 to 50,



butyrolactone, propylene carbonate, dimethylformamide, 15
monoethanolamine or N-methyl-2-pyrrolidinone, and mixtures of the
aforementioned substances. The catalyst used may be a base, for

example an alkali metal hydroxide or alkalih& earth metal hydroxide, with

a sufficient solubility in the solvent. For this 20 purpose, it is possible to

use NaOH, KOH, Na2CQOg3, Li2C0O3, K2CO3, NH3 or any other base.
Preféfabfy, Wﬁlﬁrﬁé&fﬁe Sudled: Thelcoricentrafior BFfloroR aRdferire of
polywydroxglsenzese dAd aldehyde in the reaction mixture may be 10 -
60% by 25 weight, preferably 20-40% by weight, more preferably

20- 3@9@@@%@%@@& &ag,lmféaowgﬁﬂ%%@wemgxxge%@
to algléa ayénge lbl to ecferabl% % 2.t01:3, g Ihe reaction
E iy -

mixture of process tep‘(A & holar ratio éﬂﬁe Shorand/sr-eF and
polyRydrBxylicizene G8&d BNEDH ntsthepdlte 100, preferably 0.5 to

50, 10 more preferably 0.7 to 20, in the reaction mixture of process step

(A). The aldehydetiisichr swasedwith jpreferenceningurocesss step(A) hay may
be aspidtion-efiformaldehyde, wates and, 5 stabilizers, Jopexample; |

methanol. The pH of the reaction mixture in process step (A) may vary

from§,5 tgggrggq{grag%gg%%g t0.9.7, The, ﬁart C{1g%comgounds car%ubr%

mixed in process step (A) “in a separate vessel, possibly &t a fempera

10 differéntrdii the ‘i”ea"&%ﬁ%mﬁé‘?&tﬁ%@ #sép%*elfr%dtemeﬁ@%gm%
lexistind ineprevesy step (M) eandre-applied &opethetoutside, epgenaratetl,
by increasing the temperature in a closed system or by a combination

The pressure existing in process step (A) can be
applied from the outside, or generated by increasing
the temperature in a closed system or by a combination
of the two.

I35 ©On attainment of the reaction temperature T, the
reaction time in process step (A) may be between 0.001
and 1000000 =, preferably between 1 and 36000 g, mors
preferably between 60 and 3600 s.

The reaction in process step (A) can be effected with

20 stirring.

The time at which the reaction mixture from process
step (A) is sprayed intc the acid in process step (B)
can be determined with light transmission measurements.
The light transmission value at the time of spraying

25 may, at a wavelength of 475 nm, be less than 80%
preferably between 0.01% and 50%, more preferably

between 0.1% and 40%, of the starting transmission.

The light transmission can be measured in situ with the
E 616 photometer (from Metrohm) .

30 The acid used in process step (B) may be present either

as a sclution or as a gas.



of the two. 15 On attainment of the reaction temperature T, the reaction

time in process step (A) may be between 0.001 and 1000000 s,

preferably between 1 and 36000 s, more preferably between 60 and 3600

s. The reaction in process step (A) can be dffected with 20 stirring. The

time at which the reaction mixture from process step (A) is sprayed into

the acid in ro ess step. (B) can be determined with light transmission

mea %f %%qlg}%trgﬁgﬁ%%?oﬁgﬁﬁﬁe &t th&'fineRst SpPafingosher in
maygmmé@@tﬂﬁ ot 478 hnt, deflessi than 80%, preferably between
0.01% and SO%, more preferably between 0.1% and 40%, of the starting
transthissiont I hedight trangmissionscan bg measuted incsitwwithbedenic

616 photemetct. (o Metzohym), 30.The acid used in progess Step (8]

may be present either as a solution or as a as e acid jsed in
broc@%ggf@pl(@%éy BeYiskea &%@Fﬂ?%‘ﬁ%ﬂra‘i@é%f dlbfefofmaThe
acidpisedphprocesscsiep (B) maydieuan inosganic acid, forexamplescid may

mineral acid.qrorgani¢ acid, [he. 5 mineral.acid may.be hydrochloric
acid, nitric acid, phosphoric acid or sulphuric acid. The organic acid may

be ¢ acid,.formic,acid or.oxalic aci Th Cld us ve a pH of
Iessa%%én %gogdpr%?e%%bw 5halv§ Rore %{pref ra%Fy Oi%aflo 1 The
amobREoraGH SHIlRioR used rhay Beta 184 H56 amhout; prefefably at

least five times the amount, of the liquid mixture from process step (A)
lintrodhige@nTheacitE selatich frohiprovess steh (B)ymay have heast the

amount, preferably at least five times the amount, of

the liguid mixture from process step (A) introduced.

The acid sclution from process step (B) may have a
temperature of 0 - 200°C, preferably 10 - 90°C, more
15 preferably of 15 -~ 50¢°(C.

The gaseous acid from process step (B) may have a
temperature of 10 - 300°C, preferably 50 - 200°C, more
preferably of 70 - 180°C.

The reaction mixture from process step (&) can be

20 sprayed into the acid by means of nozzles.

The nozzle corifices may be 0.01 to 3 mm, preferably

0.05 to 2 mm, more preferably 0.1 to 1.5 mm.

The nozzles used may be one-substance or multisubstance

nozzleg.,

25 The atomizer media used may be gaseous substances, for
example such as alr, nitrogen, C0,, argon and/or

vaporous or gaseous acids such as HCL.

The nozzles used may be full-cone, hollow-cone, flat-

jet and smooth-jet nozzles.



temperature of 0 - 200C, preferably 10 - 900C, more 15 preferably of 15 -
50C. The gaseous acid from process step (B) may have a temperature of
10 - 300C, preferably 50 - 200C, more preferably of 70 - 180C. The
reaction mixture from process step (A) can bé 20 sprayed into the acid by
means of nozzles. The nozzle orifices may be 0.01 to 3 mm, preferably

0.059 2 mm, more prefer

0.1to 1.5 mm. The nozzles used may be

abl
one-SUbStARcs oF Multisubstdice: hodzeE o The JtGHizer méha USEd
may Peigasebussubstdrrees cfof examplelsuehasmain hitfdgeni €02,
argon and/or vaporous or gaseous acids such as HC1. The nozzles used
may De<ful:conenhalldi-cbdde, flatyjet andismacth4atinezzles=d2sThe

reactian, mixture fpm.pragess sten (A) canbe sprayed into the acid

through external fields. The external fields may be electrical or acoustic

A)

%eld%ﬂ‘or examgljfeoultrasogénd.ES H}% reaction mixture frong%ocess rjit)ep
r iZers

caneber%a?ayecf1 into the acid via F%tgﬁ/oaﬁg%?ze%,e\ﬁb

ry~&to

or VERGAYRZZIESE ThetRopiet Siz8 Generaed byahespraing invplocessry
step£Bpmiay=tie: 58:nnv e Suam, prefenady 100 nm to 10 1 mm, more
preferably 200 nm to 0.5 mm. The residence time in the acid from process

stepfB). maypehetween 09%@@%9@09%%9@‘%@%9% een 1.and. o

10000 s m(?

d 5000 s. The resultin oduct

ferabl t 10
of pr%c%g?s stée%ppg%?ér% e%%gv ﬁcnlge%e%n@% s%‘s%ﬁ%ﬁ%;fgriég .CPrnm to

10

15

20

25

1 mm, more preferably 200 nm to 0.5 mm.

The residence time in the acid from process step (B)
may be between 0.01 and 100000 s, preferably between 1
and 10000 s, more preferably between 10 and 5000 s.

The resulting product of process step (B) can be
thickened and subsequently dried.

The resulting product from process step {B) can be
thickened by means of centrifugation, sedimentation,

filtration, or thermally.

The drying in process step (C) can be effected
convectively, supercritically, by means of freeze-
drying, infrared radiation, microwave drying, or as a

combinatiocn of the aforementioned drying procesgses.

In the case of use of gaseous acid in process step (B),

process step (C) can be carried out within process step
(B).

The drying temperature in the conveactive drying may be
10 - 300°C, preferably 50 -~ 200°C. The drying
Cemperature in the freeze-drying may be -50 - 0°C,

preferably -20 - 0°C.

The convective drying may be carried out as spray-



The resulting product from process step (B) can be thickened by means

of centrifugation, sedimentation, filtration, or thermally. The drying in
process step (C) can be effected 20 convectively, supercritically, by

means of freeze- drying, infrared radiation, Hfﬁ’crowave drying, or as a
combination of the aforementioned drying processes. In the case of use of
gasequs acid in process step (B), process step (C) can be carried out
withif process step 25 (B). The drying temperature in the convective
drying may be 10 - 300C, preferably 50 - 200C. The drying temperature

in thé frée288irying Fay bE 150 - 0C;epreferably 20 -OBO-The rom
conveetive-drying Bay (36 CamipdQut asspray13 141yings FOE e w1t nout

spray-drying, tt resi igg %g%uc%rgﬂ process %tﬂep é%l_ ﬂ%/ﬁigﬁﬁ)’t‘ié)gta%aa

also be used without “thickening'.

< caa =
e“spray-drying can be carri

8 temMpERRRIBGIED 2303E, prefetably of B0 08 1 The feiflual 250°C.
moisture content of the product from process step (C) based on the
propéftnifEidss bf tivd solvent gothesreactidn friixture-frémoprotess

step fAhdeay be dp90%; by wsight, frefarably 105:80% by 10.weight, = 1o

moresgrle\frergglyj. %5 z 75(%%;2¥c e:iL%ht. The t[i)lrogor Ion by mass of the
solvent is détermined gravimetrically The product Shtained b frotess

step T€Y nfe§y Be cofthimite ¥ Béfdré furtyer froedssing. A furthiet drying
105 stepimay foliovt.<T herearbenizaton of progess step.A)gan begarried

20

© 30

proportion by mass of the solvent is determined

gravimetrically.

The product obtained from process step (C) may be
comminuted before further preocessing. A further drying

step may follow.

The carbonization of process step (D) can be carried
out at a temperature of 500 - 1400°C, preferably 600 -
900°C, more preferably 650 - 800°C. The carbonization
can be effected with exclusion of oxygen, for example
under protective gas, preferably nitrogen or argon, or
under reduced pregsure. The carbonization can be
effected by means of infrared, microwave, plasma,

electrical cor thermal heating.

The process according to the invention can be carried

out continuously or batchwise.

The carbon aerogel obtained from process step (D) can
be aftertreated, for example oxidized and/or activated,

in a subseguent step.

The aftertreatment can be effected physically and/ox

chemically.

The carbon aerogel which has been obtained from process



out at a temperature of 500 - 1400C, preferably 600 - 900C, more

preferably 650 - 800C. The carbonization can be effected with exclusion

of oxygen, for example 20 under protective gas, preferably nitrogen or

argon, or under reduced pressure. The ca dnization can be effected by
means of infrared, microwave, plasma, electrical or thermal heating. The
process according to the invention can_be carried_25 out continuously or
batcRWRR. The G0N BERGET obiained Fom prosess SEp (0 can-be - =0=
afterfreatder foroaxdmplélonigized and/or activated, in a subsequent step.
The aftertreatment can be effected physically and/or 30 chemically. The
carbohaetogelwihick fhasdeenrobtained fom prodess W4t stepi@®)-ando11 -

optiongly afteffreated canbe granulated for better handling. The

granulated carbon aerogel can be wet-, dry-, oil- and/or wax-granulated. 5
g’he g a@nulatgonuli%utiq% Hsﬁd muajydbse water, rsnitlianebs or h %rrocart%olnshgor or
examplée p%frorlleum Or cyc ohexane, with or without addition ‘of biriders, for
exampler RGIESEEas sugars, RgimostiphcrResaiduriersiS etepxane,
substances; alanecordn combinatiomwith opeanether. 10T hedaventive
carbon peragels canbe. used, interalia, a5 2 filew relforcing filer UY 1.,
stabilizer, electrode material, séund absorber, thermal insulation
mateTial, TREITSE cafatyst Support coiilictivity” Haittet absorber for'gas™ -
and/or liquid formulations 15 or pigment. The inventive carbon aerogels
1@an5@gsé§ﬁﬁﬁ§%mg’carbon aerogels can be used, inter alila,

ag a filler, reinforcing f£iller, UV stabilizer,
electrode material, sound asbsorber, thermal insulation
material, catalyst, catalyst support, conductivity
additive, absorber for gas and/or liguid formulations

15 or pigment.

The inventive carbon aerogels can be used, inter alia,
in rubber, plastic, plastics dispersions, adhesives,
printing inks including inkjet inks, other inks,
toners, coatings, batteries, fuel cells, cevamic, dyes,

20 ypaper, bitumen, concrete and other building materials.
The inventive carbon aerogels can alsc be used as

reducing agents in metalluﬁgy.

The invention further provides a coating which is
characterized in that it comprises the inventive carbon

25  azerogel.

The inventive carbon aerogel may be present in the
coating at 0.1 to 30% by weight, preferably 0.5 to 10%
by weight.

The inventicn further provides a plastics mixture which
30  is characterized in that it comprises the inventive

carhon aerogsl .



in rubber, plastic, plastics dispersions, adhesives, printing inks including
inkjet inks, other inks, toners, coatings, batteries, fuel cells, ceramic,
dyes, 20 paper, bitumen, concrete and other building materials. The
inventive carbon aerogels can also be used'ss reducing agents in
metallurgy. The invention further provides a coating which is
characterized in that it comprises the inventive carbon 25 aerogel. The

invertive cHIN6H AetsyeT AP Be prESEHt in Y cB&tiRE AE6tt0130% by
weight] pseferably 05 tor 0% by vieight. The inventiondhrthepprovidesya -

plasticsamixtureuhighy %%ﬁ@racterized in that it comprises the
inventive carbon aerogel. 15 The inventive carbon aerogel may be

present in t lastics mixture at 0.1 to 3Q0% by weight, preferably 0.5tq |
10% yewé%%ﬁ%%%e%ﬂvrgﬁt%r%l ﬁf?th%lrﬂ%\rf&vglgés’sé p?iﬁi% miewhit ligkﬁCh s
char&Cterized mrthatft conbrise’s the iRasTRIvE BafbchiaetogeinThee carbon
invertivecgarlion aerogel may be present in the printing ink at 0.1 to 50%

by weight, preferably 0.5 to 40% by weight. 10 The invention further

progiﬂleg am{}lélﬁ\{;fr%%isc 59_@@@%%2@919 th?f{f?!&C%@t?E%% Eﬂﬁ%i_”ytﬁhn@é?ﬁ
carbon .aerogel. The inventive carbon aerogel may bé present in the in
at0.ffo 5 &/cggy %v%gg rﬁ\,é prrbe‘fefra%?y G .%ﬁtogl?g%“%ﬁ‘/gi%t\/ve@ﬁ?f‘lar‘i%a}ﬂ_\%nt%r? to
furthéPprovitiessa eibber mixture which

16 The invention further provides an ink which is
characterized in that it comprises the inventive carbon

aercgel.

The inventive carbon aerogel may be present in the ink
at 0.1 to 50% by weight, preferably 0.5 to 40% by
15 weight.

The invention further provides a rubber mixture which
is characterized in that it comprises the inventive

carbon aerogel.

The inventive carbon asrogel may be present in the
20 rubber mixture at 0.1 - 200 parts by weight, preferably
5 - 150 parts by weight, based on the rubber in the

rubber mixture.

The inventive carbon aerogels have the advantage that,
owing to the fineness, the dispersibility is improved

25  over the carbon aerogels known from the prior art.

The process according to the invention has the
advantage that a fine product is cbtained directly in

the process according to the invention.

30 Example 1 (comparative example, Barral, Journal of Non-



is characterized in that it comprises the inventive carbon aerogel. The
inventive carbon aerogel may be present in the 20 rubber mixture at 0.1 -
200 parts by weight, preferably 5 - 150 parts by weight, based on the
rubber in the rubber mixture. The inventivecrbon aerogels have the
advantage that, owing to the fineness, the dispersibility is improved 25

overé

_prior art. The process according

he c rb%o .aerogels known from the
to the %ﬁfvse%ﬁi #ﬁﬁ t%%léé\?anté{ﬁé that 2@ fineprotilict ROKtamedtdrectly
in tHerreeess acédrdiyg to the invention. 30 Example 1 (comparative
example, Barral, Journal of Non 16 Crystalline Solids, Vol. 225, p. 47

(doublesstep procead)>29980.68-9 of phlarogiucinelds dissobvedsing 036
g of iateraioop lempetaliie, 0.32.0 of 33% formialdehyde 5 solylion tos.

added to the solution. Subsequen

y, 0.02 g of calcium hydroxide 1S

Addet AEIHSR JRasidrel Cohtiinifig tHe s6Mtiof i REateaWilhout 0 - 02 g
stirring irra lsiliconewitibathiat00C. Aftereal5-mindiecesidericestimedpseal

the silicong ailibaihthe stitlliquid, 10 salution is. golediio oM. s i o 41 4
temperature. %ubs,eﬁugntl , 0.128 g of 37% HC1 solution is added. Thg
resufting” Solution s képtat & temperaturé of §3CFor 73H he Féstitirce

orgaRricGel 8 dfié¢ af idcrmrempetdtuiaand thér carbonizeldiima thuffle
1furnace1 at-8QAC yadets sifragendond.5 baws- The rasulting, carhon, 1
system-has p@ftiélg %si%%h isgiCJ ltligni c‘:"x’uithi)é]‘r’o 3 C}é%? u gamean article
3.09 um

size) and x95 =

e carbon aefogél Has™ & spetific SUrface ar8s

of Z%émﬁrénasaﬁ?ééibp%?ea temperature of 92°C for 72 h. The

15

20

25

30

resulting organic gel is dried at room temperature and
then carbonized in a muffle furnace at 800°C under
nitrogen for 1.5 hours. The resulting carbon system hasz
a particle size distribution with xz = 1.07 um {(mean
particle gize) and e = 3.0% um. The carbon asrogel has
a specific surface area of 233.5 m?/g and a mesopore

volume of 0.008 cm?*/g.

Example 2 (comparative example, WO 02/12380 AZ,
examples 1-2)

Examples 1-2 mentioned in the patent WO 02/12380 A2 are

reworked according to the description.

The resulting carbon system has a particle gize
distribution which cannot be characterized fully by
means of the analysis method specified (xys > 3.0 mm).
The carbon aerogel has a specific surface area of

535.2 m?/g and a mesopore volume of 0.459 cm?/g. The My

value of this carbon aerogel is 226.9.

Example 3

4,5 g of phenol are dissolved in 19.5 g of water at
room temperature. 11.77 g of 37% formaldehyde sclution

are added to the solutiocon. Subsequently, the sclution



volume of 0.008 cm3/g. 20 Example 2 (comparative example, WO
02/12380 A2, examples 1-2) Examples 1-2 mentioned in the patent WO
02/12380 A2 are reworked according to the description. The resulting
carbon system has a patrticle size 25 distribtifion which cannot be
characterized fully by means of the analysis method specified (x95 > 3.0
mm)., The carbon aerogel has a specific surface area of 535.2 m2/g and

a mesopare Valtfte 510.488 dW3/G7 The My vaftie®of thisScatboR aeragetium
is 2263 30Examplel34i®g of phehokard dissolved insEa:5 gefwater ahg

room-temperature-41.74 ¢,a632% fprmaldehyde solutign ate added to. .
the so{%i%wa%bseq §Qtlé/, t% solution 17, is adjusted t0 the pH of 9.1
0

with O: 556 sodium’ hydrsxidée Softtish: A cRisEd Jidss vesgel time in
eontaiffhge iHe sefationist heated without stirihp ihasifidorss bilthath af =
90C.9@ofi%ry@aeig§lt1h@uh@séﬁe@@esﬁl?@iil&Ehﬁﬁ%&éiﬁg@lglgii\b\?t?'f{%@;éi||
liqui lution | raye megans_o chlick mode ,type 8 .
h%llg\}vg-%gr%g F\(%je (%%rzgzg.% m%?zéet a%r%sgm}é ot 2.5 baf inio (gne tiffies
the VOIUMEIF tHE'HE 1E&Slufioiast pHie 1o ams Z0°h6he diGesislentd ion
time at rgéin=10 tempearfatere, e Acidrsolution-contd@ining-theiotganic fingon

S

arti i ti led at £6QCJn a.spra r r l!:;r .
Igarbéﬁlg%%%(g?nsfm%%%%:%&% %%%%%r?%éréﬁg%%%%gﬁ ?d5¥ﬁg§1rs. %ﬁg e

resulting Fife® particulRE Tafssht Bistmiass pSftiche sizé AL disHbatisR =&Y
with SB5=r316 nm (eargpartice sizepand 295 <512 nmufRiecdibonzce at
aerogebhas aspeeifig SUHagen for 1.5 hours. The regulting fine

particulate carbon system has a particle girze

15 distribution with xg = 316 nm (mean particle size) and
Xgs < 512 nm. The carbon aerogel has a specific surface
area of 613.3 m?/g and a mesopore volume of
0.044 om3/g. The M, value of this carbon aerogel is
232.0. The M, value is higher than in example 2

20 (comparative example) and thus indicates better

dispersibility,
Example 4

1.9 g of phenol (P} are dissolved in 11.52 g of water
at room temperature. 4.97 g of 37% formaldehyde (F)

25 golution are added to the solutrien. Subseguently, the
golution is adjusted to the pH of 9.1 with 0.31 g of
25% sodium hydroxide solution. A closed vessel
containing the solution is heated without stirring in a
gilicone oil bath at 85°C. After a ten-hour residence

30 time in the gilicone oil bath, the still liguid
solution is sprayed by means of a Schlick model 121 V,
type 8 hollow-cone nozzle (bore 0.8 mm) at a pressure
of 2.5 bar into ten times the volume of the oxalic acigd
soluticn with pH = 0.95 at a temperature of 85°C. The

35 acid scoluticon containing the organic fine particulate



area of 613.3 m2/g and a mesopore volume of 0.044 cm3/g. The My value
of this carbon aerogel is 239.0. The My value is higher than in example 2
20 (comparative example) and thus indicates better dispersibility.

Example 4 1.9 g of phenol (P) are dissolved-h 11.52 g of water at room
temperature. 4.97 g of 37% formaldehyde (F) 25 solution are added to

the solution. Subsequently, the solution is adjusted to the pH of 9.1 with
0.31 FFEF- BB scdhumery drixidle Sotdtio? Atclédéeviéssel cdomainethes
solution is¥feated Withoubstirtingin a stieone:oi batil at-85G, After-aining
ten*Eh@f%@ﬁ@”g%§9£@%iEﬁéeé%%EMEHE'qghd¢¥§§mﬂgugj§§¥%§”ﬁryer
is sprayed %yo means of a Schlick nioqlel 121V, type 8 hollow-cone nozzle
(boréagSLr%m)Ca‘t & presstire of 3% barirte ferrfimas the olanTe b ftha
dxali€ el ol wrionaitt BHU005 atila tergperafure of 85Chdines35 akid

solutiorseantaining the-organic:fing padiculate,18 sedimentformed is. ;01
stored.ip a I'Igesv}y_ig(?ﬂg!%sgg ve‘%gla at 85C. After 90 hzurs, the agdﬁsolutlonize)
containing (%he ine particulaté sediménts dried 1H'a SBray dfRF at38acs
The 8f€d Gel i5 cAtbbritFed iR NS Sfumatest BOOG undersiroger
for 1@lﬁcﬁlar@eﬂae@@sulﬁingjmeepaﬂi;zglaa@l@ar@;)m@yggm?a%?l@%gij?@f

ize distribution with = article size) an =
18 g Sé'?b"t%(? /\Qf . i‘g% m%%%s%ge%%?c%aé%ﬁrllbuet 101‘? 7‘13~34§ch>£\/761 ) a

nm. The carbon aerogel has a ace area o m

=

mesop&reoldme Tt 0. 075CHS o TheThEsSiore HhistABURSIFs showrB 5 - 7 -
in fiflre 1, The Myevalae lof ¢is cathomaeénogekis28be7.2 The My valie ise

higher thapiin example 2. (coMparalive: s petter dispersibility.
Example 5

13 1.9 g of phenol are dissolved in 11.52 g of water at
room temperature. 4.97 g of 37% formaldehyde solution
are added to the solution. Subseguently, the solutioen
is adjusted to the pH of 9.1 with 0.31 g of 25% sodium
hydroxide soluticn. A closed vessel containing the

20 solution is heated without stirring in a silicone oil
bath at 85°C. After a ten-hcur residence time in the
silicone oil bath, the still liquid solution is sprayed
by means of a Schlick model 121 V, type 8 hollow-cone
nozzle (bore 0.8 mm} at a pressure of 2.5 bar into ten

25 times the volume of the oxalic acid solution with
PH = 0.95 at a temperature of 85°C. The acid solution
containing the organic fine particulate sediment formed
is stored in a likewise closed vessel at 85°C. After
90 hours, the acid solution containing the fine

30 particulate sediment is dried in a spray dryer at
160°C. The dried gel is carbonized in a muffle furnace
at 800°C under nitrogen for 1.5 hours. The resulting
fine particulate carbon system has a particle gize
distribution with ., = 770 nm (mean particle size) and

35 x5 = 1916 nm. The carbon aercgel has a specific surface



example) and thus indicates better dispersibility. Example 515 1.9 g of
phenol are dissolved in 11.52 g of water at room temperature. 4.97 g of

370 formaldehyde solution are added to the solution. Subsequently, the
solution is adjusted to the pH of 9.1 with 0.3% g of 250 sodium hydroxide
solution. A closed vessel containing the 20 solution is heated without

stirring in a silicone oil bath at 85C. After a ten-hour residence time in the
silicdnesGil Bath® e Stilfliglfd eBfitiBn TS EpiRayEs HpAEanswt aSEflickm® /g .
ModETE2 InVs typer@ hdllew-cohetnezzle ¢barad.8 nmm) atapressure she 1,

2-> Dac 1o tea 23 imes e yolume, e oxalio acid soluign WIRPH = ;.
0.95 at a temperature of 85C. The acid solution "containing the organic

fine S&r%%ﬁfétg Bintéht TR §s StorEdTRPaTiREWISe Goéddvédsetaf thus
85C . IAferc30 heukss thesacid seutionidointaining the fine 30 particulate
sediment is dried in a spray dryer at 160C. The dried gel is carbonized in
a mufflaifwhace at 800C under nitrogen for 1.5 hours. The resulting fine
particulate carbon system has a particle size distribution with x50 =770

i g R R el R

ch3: SThe FIZ051C BTN 1 showt 1 G2 CHRPH eV BRE Brom

this arBoRHeFgdlds pire. 7s ThetMpvaludiib skighenthar in Exampid 2t ion

1(comparative.example) anddhysi Sdadisatespatter dispersibility. J-xanplg: vy

S Sagalatena azdsiec 0 125 aclumnl spnemposebre
solution is heated without stirring in a sgilicone oil
bath at 125°C. The interior of the vessel is
pressurized with a pressure of 4.5 bar (absolute).

15 After an 18-minute residence time in the silicone oil
bath, the still liguid sclution is sprayed by means of
a Schlick model 121 V, type 8 hollow-cone nozzle (bore
0.8 mm) at a pressure of 2.5 bar into ten.times the
volume of HCl with pH = 0.95 at a temperature of 25°C.

20 The acid solution containing the organic fine
particulate sediment formed is stored in a likewise
closed vessel at 25°C. After 24 hours, the acid
solution containing the fine particulate sediment is
dried in a spray dryer at 200°C. The dried gel is

25 carbonized in a muffle furnace at 800°C under nitrogen
for 1.5 hours. The resgulting fine particulate carbon
system has a particle size distribution with
Xsp = 810 . nm (mean particle size) and Xos = 1556 nm. The
carbon aerogel has a specific surface area of

30 700.0 m*/g and a mesopore volume of 1.03 cm?®/g. The
mesopore distribution is shown in figure 3. The M, value
of this carbon aerogel is 276.3. The M, value is higher
than in example 2 (comparative example) and thus

indicates better dispersibility.
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are added to the solution. Subsequently, the solution 10 is adjusted to the
pH of 9.1 with 0.31 g of 25% sodium hydroxide solution. A closed vessel
containing the solution is heated without stirring in a silicone oil bath at

125C. The interior of the vessel is pressuriZéd with a pressure of 4.5 bar
(absolute). 15 After an 18-minute residence time in the silicone o_1 bath,

the still liquid solution is_sprayed by means of a Schlick model 121V, type
8 holfow-cBn8nd22 - dbré 8 #my at ¥ fiedsure 3f & Bacifitoeser at

times then vokrme of HOewith pti=©.95 at a termperailre=0f,26C. 20 The on
acid selutign containingithe organic fine particu iment formedis_
stored in a likewise closr?j_lvessel at ZSCE%‘Btg% 4 h%%(; ,ihné%%izé?jlutl?n
solutich GShERMIG the-fire FafifcuRte Ledintehtis Uried i aCdpray Hnfsrdium
at 20ucimhelditedt gelis Rsrcarbonized 4d aafie fumace at 8OAE under
nitrQ@F’lJ@ﬁ a:5 E@uq&eghsﬁﬁe%ti%gl;gee particulate Cﬁflp%{? §)ﬁ’§f§§5ggs 21
particle size distriqution Xtp = nm (mean particle size) and x95 =
1956D§ﬁ%Tﬁg _ égr%%ér’? :agggeelﬁna%eé: %,Sgciélé sﬁﬁ%‘gcé’ §fiof 30°700.0
mz/gF&r &' e SSsbre Velurie BF € 939631t The Smiesopdrdisiribution is
shovarrinsfigure 13 TheaMy values 0 this carbon-aeragetis 276:3. dJhe-My 1
1yalug is higher, than in ex .2 (c rative example) and thus

indicates t?ett,erédigpraég%i%?@%%liixiﬂ&% 77b J358% 0 a)(p%eetgo gremean_S of
dissGvEF TH 2560 Bfwatet at rookVRénSeriftké oF 8235 6f Frgzle (bore
forméldehyudé setutmnparsadded tofthe.solition. Subsequentlyithe: the

solutje is.adiyistec-to thegyH gf9.1 with 0.62.9 of 26% sodium. . ¢ 250c,
The acid scolution containing the organic fine

15 particulate sediment formed is stored in a likewise
closed vessel at 25°C. After 24 hours, the acid
solution containing the fine particulate sediment is
dried in a spray dryer at 220°C. The dried gel ig
carbonized in a muffle furnace at 800°C under nitrogen

20 for 1.5 hours. The resulting fine particulats carbon
system has a particle gize distribution with
Xso = 830 nm (mean particle size) and x4 = 1990 nm. The
carbon aerogel has a specific surface area of
682.9 m?/g and a mesopore volume of 0.91 cm®/g. The

25  mesopore distribution is shown in figure 4. The M, value
cf this carbon aerogel is 274.2. The M, value is higher
than in example 2 (comparative example) and thus

indicates better dispersibility.



5 hydroxide solution. A closed vessel containing the solution is heated
without stirring in a silicone oil bath at 125C. The interior of the vessel is
pressurized with a pressure of 4.5 bar (absolute). After a 19-minute
residence time in the silicone oil 10 bath, th& still liquid solution is sprayed
by means of a Schlick model 121 V, type 8 hollow-cone nozzle (bore 0.8
mm) at a,pressure of 2.5 bar into ten times the volume of HC1 with pH =
1.01%t 3t8fhperature of 25C. The acid solution containing the organic
fine 15 particulate sediment formed is stored in a likewise closed vessel
at 25C. AftérPoPRBURS #RDadid Sélatie E6rtaltng iie file patticalatean
sediment ispdried i1 a spray:dryer 8 220€n 3 e dried gel is carbonized in
a muffle furnace at 800C under nitrogen 20 for 1.5 hours. The resulting

fine particulaie carbore system has a.narticle sizedistribution with xaa = ... . 5

30 nm (mean E%rticletsize) and x95 = 1990 nm. The carbon aegogel has
2 specific slifacé area 6F685 8 T2A) ardl 4 niesoporé volufie 8 0.91

cm3/g. The 25 mesopore distribution is shown in figure 4. The My value
of this carbBh 2&eF5Gel 1997220 e Movdlte iCRigRer thar AEeldmple 2
(comparative-exanmiple) and this: iindicates-hetier dispessibiility: 24dnEtaims:

1. Carbon agregel, gharacterized in t@%ﬂ{}ﬁm@é&%ﬁg? i%ﬁesa% dehyde

than 1 um. 2. Carbon aerogel according to , Characterized 5 1n

that the dergity i§ 0505 2 B g/am3. BCProcess ¥8r frodtiemythe Tarkon
l@erogels agcordirigro Chitpsl; sharaetdlized inltkatrange of 75 - 200°C

at a pressure of 80 -2400 kPa,

{B) then the reaction mixture from process step

(A) is spraved intoc an acid,

(C) the resulting product from process step (B) is
5 dried and

(D} carbonized.

4. Use of the carbon aerogel according to Claim 1 as
a filler, reinforcing filler, UV stabilizer,
electrode material, sound absorber, thermal
20 insulation material, catalyst, catalyst support,
conductivity additive, absorber for gas and/or

ligquid formulations or pigment.

un

Use of the carbon aerogel according tc Claim 1 in
rubber, plastic, plastics dispersions, adhesives,
25 printing inks including inkjet inks, other inks,

toners, coatings, batteries, fuel cells, ceramic,

ayes, paper, bitumen, concrete and cother building

materials.
6. Coating, characterized in that it comprises the
30 carbon aerogel acccrding to Claim 1.
7. Plastics mixture, characterized in that it

comprises the carbon aerogel according to Claim 1.



(A) a mono- and/or polyhydroxybenzene, an aldehyde and a catalyst are
reacted in a reactor at a 10 reaction temperature T in the range of 75 -

200C at a pressure of 80 -2400 kPa, (B) then the reaction mixture from
process step (A) is sprayed into an acid, (G 2he resulting product from
process step (B) is 15 dried and (D) carbonized. 4. Use of the carbon

aerogel according to Claim 1 as a filler, reinforcing filler, UV stabilizer,
electfode matéfial: 85und-abs6rhaE AREMEA 207instafiba materighmprises
catalyst, catahgstsupport, canduetivityadditive,abserber fargas.and/or

liquid formulations or pigment. 5. Use of the carbon aerogel according to

leum 1| ir(]j' mb,ircﬁﬁfﬁ@tiﬁ@%'{%@i%r‘@i@gﬁ’ %@h%ﬁgﬁ%ﬁf 122 eri@'lijﬁgllcarbon
INKsS Including. INKJet-Inks, otner.inks, tongers, coatings, batteries, fuel cells,
ceramic, d?’(%sr,%%%ler,aﬁﬁj%g"r{Ilc%n%?etgaa%a%the‘r building materials. 6.
goatin , characterized in that it comprises the 30 carbon aerogel

" - i

ccording t8 CIRAT 177 *Pikshies Mitrs Charatérized infthat # © comprises
compiisesthelzarber nergel accorditigitp Glaim 1222 8..Printing ink,
characterized in that it comprises the carbon aerogel according to Claim 1.
9. Ink, characterized in that it comprises the carbon aerogel according to
Claim 1. 5 10. Rubber mixture, characterized in that it comprises the
carbon aerogel according to Claim 1.



